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Abstract

This paper aims to develop an ecological macroeconomic model for the Danish economy that can
link the economic and financial system with some key aspects of the climate. To do so, we combine
Stock-flow-Consistent approach (SFC) with Input-Output tables (10) to build a hybrid model, which
we call Ecological Stock-Flow-Consistent Input-Output model (E-SFCIO). Most parameters of the
model are estimated using time series data from 1995 to 2019, after which, we carry out simulations.
We find that the model (with some minor adjustments) can replicate the dynamics of our key variables
pertaining to the economy, financial system, and climate. To further validate the model, we analyse
the response of the economy to various shocks, finding that it can capture the stylised facts. The model
offers a foundation for providing a reasonable assessment of the climate policies to the relevant

stakeholders.
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1. Introduction

In recent years, the issue of green transition and sustainable development has played a central part
in shaping national policies. The challenges inherent in the path towards green transition have
garnered considerable attention from various research disciplines, ranging from scientific research -
testing new technologies - to social sciences, examining the complex and multifaceted interactions
between society and environmental sustainability. Within this discourse, significant emphasis is
placed on the interplay between economic factors and climate targets — the understanding of which
remains incomplete due to the complex nature of this relationship. As such, policymakers are

striving to improve their understanding of the economic costs associated with climate policies.

Denmark, like several other countries, is faced with similar challenges. The country has set
ambitious targets for reducing greenhouse gas emissions, aiming for a 70% reduction by 2030
compared to 1990 levels, surpassing the European climate law's target of 55%. However, current
measures are projected to achieve only a 63.1% reduction by 2030, resulting in a shortfall of 6.9%,
equivalent to 5.5 million tons of CO2E (DEA 2023). There is a clear lack of consensus amongst
various stakeholders on how to achieve these targets and whether cutting emissions at a faster rate is

economically feasible.

To guide policy decisions on this matter, the Danish government relies, at least partly, on the
insights of the Green Reform Model (Kirk et al. 2024), which is the workhorse for studying the
interaction between climate and the Danish economy. This model is built on the principles of

computable general equilibrium (CGE), featuring profit maximisation by producers (firms) and



utility maximisation by consumers (households). The model is supply-driven, consisting of 52
production industries and 26 energy types (Kirk et al. 2024).! While the model provides a very
detailed description of the real economic activity, the question of whether this description is a
realistic representation of the economy is subject to discussion. However, a notable shortcoming of
this model is its failure of providing a realistic representation of the financial aspects of the
economy, something that is considered to be quite crucial in this discussion (Pollitt and Mercure
2019). The financial system, through ad hoc assumptions, is simplified to the extent that it is almost
irrelevant. This invites the same criticism that post-Keynesians have directed at supply-side models

in general (Lavoie and Godley 2001; Godley and Lavoie 2006).

In this paper, we aim to develop an ecological macroeconomic model that can link the economic
and financial system with some key aspects of the climate. Our main goal is to provide a holistic
overview of the issue using a model that, apart from capturing the stylized facts, is capable of
evaluating the economic and financial risks associated with climate policies of socio-economic
nature. To link the economy, environment and the financial system, we combine Stock-flow-
Consistent approach (SFC) with Input-Output tables (I0) to build a hybrid model, which we call
Ecological Stock-Flow-Consistent Input-Output model (E-SFCIO). The integration of these two
approaches allows us to connect final demand with supply and inputs of the firms. A key element of
our model is the inclusion of a financial market; sectoral wealth and debt are modelled in more
detail, providing a more nuanced understanding of who is paying for the green transition. When
solving the model, most parameters are estimated using time series data from 1995 to 2019, after
which, we carry out simulations, finding that the model is capable of replicating the dynamics of
our key variables pertaining to the economy, financial system, and climate. To further validate the
model, we analyse the response of the economy to various shocks, finding that it can capture the

stylised facts of the Danish economy.

We believe our proposed model will serve as a foundation for providing a reasonable assessment of
the climate policies to the relevant stakeholders. Our model structure is based on a social accounting
matrix where the most relevant transactions are registered (intermediate and final consumption,
income and tax payments, transfers, etc.) on a whom-to-whom basis with a coherent representation
of their corresponding financial transactions and environmental impacts. The detailed representation

of the social and economic structure enables the analysis of the impact of climate policies on

! Firms, while adhering to a generic CES (Constant Elasticity of Substitution) production function, optimize between
two complementary inputs namely, capital and energy.



income and wealth distribution - an aspect that, striking as it may seem, is beyond the scope of
many macroeconomic models. Moreover, it allows to design and test fine-tuned sector-specific (or
industry-specific) policies. Furthermore, the explicit modeling of the main financial assets and
liabilities of the key sectors of the economy allow for a coherent description of the multiple ways of
financing climate policies, as well as the risks inherent in their implementation. Our model, strongly
influenced by post-Keynesian theory, is built on the notion of demand-led growth and excludes
discount rates and damage functions. Its main focus will be the testing of the feasibility and joint
coherence of multiple climate policies, but not the estimation of the feedback effects from the

environment to the economy.?

The remainder of the paper is organized as follows. In section 2, we provide a brief overview of the
Danish climate targets. In section 3, we offer a background discussion of the type of model
developed in this paper. In section 4, will provide a detailed description of the databank constructed
for the model. In section 5, we present the model equations and the overall structure of the model.
In section 6, we carry out model evaluation, comparing the model simulations with observed data.
In the same section, we show how the model response as we perform 3 simple shocks to the model.

Section 7 concludes this paper.

2. The Danish Climate goals

Over the last decade, sustainable development and green transition have been at the heart of policy
discussions. In 2015, 196 countries around the world joined the Paris Agreements with the aim of
reducing the emission of greenhouse gases (GHG) significantly in such a way that the 2°C target (of
atmospheric temperature increase above pre-industrial levels) is met by 2050 (UNFCCC 2015). In
2020, the Danish Parliament signed the Climate Law, according to which the emission of GHG
must be lowered by 50% in 2025 and by 70% in 2030 (compared to the level in 1990 which was
approx. 78 million tons?). This target is more ambitious than the target set by the European climate
law, which aims for a 55% reduction in GHG emissions by 2030 compared to 1990 levels.

Furthermore, the Danish climate law, in line with the European climate law, has set a long-term goal

2 The neglect of feedback effects does not imply that they are considered unimportant. Rather, the scope of this project
is to build a first version of an E-SFCIO for Denmark. Once this model is running and producing reliable results it will
be possible to move to a second stage, where the feedback effects are incorporated into the model. It is worth
mentioning that there is no scientific consensus about how these feedback effects should be modeled, which drives us to
conclude that the investigation of these phenomena constitutes a research project on its own.

3 Here, the estimate is based on net emissions within the Danish territory (excl. Greenland and Faroe Islands) and
includes LULUCF.



of making the country climate-neutral (i.e., net GHG emissions equal to zero) by 2050 (EPRS
2021).

Apart from its own national targets, Denmark has an obligation of reducing emissions in specific
sectors not included in the ETS (Emission Trading System) as part of the EU targets for 2030. More
specifically, the 2023 revised version of EU’s Effort Sharing Regulation (ESR) in 2023 obliges
Denmark to reduce GHG emissions in non-ETS sectors — comprising agriculture, transport (excl.
aviation), building heating, small industries, and waste — by 50% collectively in 2030 (compared to

2005 levels).

While assessing Denmark’s path towards green transition, the Danish Energy Agency (DEA) and
Danish Council on Climate Change (DCCC 2023, 2024)* in their assessments have repeatedly
underscored the significant challenges that Denmark faces in achieving both its national as well as
EU targets. According to 2022 statistics, the net domestic emission was 43.3 million tons,
suggesting a 41.7% reduction compared to the 1990s. The country still needs a significant reduction
of approximately 20 million tons in the remaining period to meet the 2030 national target. A recent
assessment by DEA (2023) indicates that Denmark will most likely miss its targets unless
significant reductions in agriculture and transport sectors are achieved, as both of these sectors
collectively contribute to more than half of the total net emissions.’ More specifically, with the
current measures in place, it is projected that Denmark will achieve 63.1 percent reduction by 2030
(leaving a gap of 6.9 percent, which corresponds to 5.5 million tons of CO2). To close the
remaining gap, the government has recently reached an agreement including taxation on CO2-
equivelant (CO2E) emissions emitted by the agricultural sector starting from 2030. How such
policies will affect the economy, are the type of questions, we would like to address using our

model.

3. Combining Stock-flow models with Input-Output tables

Stock-Flow Consistent models gained a lot of attention after the publication of Godley and Lavoie
(2006), and more so after the 2008 crisis. The approach offers a consistent methodology that relates
stocks and flows by way of social accounting and flow-of-fund matrices. Since the traditional

national accounts are now complemented by the new System of Environmental-Economic

4 The Danish Council on Climate Change (DCCC) is assigned with the task of advising the government on achieving its
intended targets.

5 According to 2022 statistics, agriculture contribute 27% and transport contribute 29% to the total net GHG emissions
in CO2 equivalents.



Accounting (SEEA) data, this makes SFC approach a natural candidate for the integration of
environmental issues into the economic models. The SFC and 10 frameworks have independently
co-existed for a long time, but the approach of integrating the two is a recent development. While
the standalone SFC framework offers a comprehensive perspective on economic and financial
dynamics, the integration of 1O is particularly useful for addressing pressing climate-related issues.
This combined SFC-IO methodology presents a promising research avenue and is increasingly
attracting attention within the field of ecological economics. The number of existing studies using
SFC-IO approach is very limited. Most studies in this regard have used SFC-10 setup to build either
fully or partly theoretical models (see, e.g., Berg et al 2015; Naqvi 2015; Jackson & Jackson 2021;
Dunz et al. 2021).% Full-fledged empirical models based on SFC-IO approach for individual
countries are still in the making. At the time of this writing, several projects are under development
while only a very small number of studies are currently available in the literature (Valdecantos
2021).” Thus, our work is also a contribution to the emerging literature in ecological

macroeconomics.

We extend the existing SFC framework in three ways: 1) by integrating a full Input-Output (10)
table into the modeling framework, ii) by integrating environmental aspects (such as energy usage
and supply by each industry) into the analysis, and iii) by introducing a relationship between energy

usage (in physical units) and economic activity while capturing the resulting GHG emissions.

We now procced to providing a formal description of the steps involved in constructing this model
as well as the overall structure of the model. In our presentation, we reserve the term “sector” to
describe institutional sectors of the economy namely, households, non-financial corporations,
financial corporation, government, and rest of the world. We use the term “industry” to describe

different industries involved in production.

4. Data requirements for the model

In this section, we will describe the construction of the databank used in E-SFCIO model for
Denmark. For the industry level, we use the annual input-output data, and for the sectoral level, we

use the annual national accounts (including both transactions and balance sheets). To implement

¢ In the Life cycle assessment literature (LCA) there has also been theoretical contributions combining the Input-output
analysis with Stock-Flow Consistent modelling (Almeida et al. 2022).
7 Ongoing projects include empirical SFC-10 models for countries like Greece, Italy, Argentina, and others.



ecological aspects into the model, we also include energy and emission accounts for the Danish

economy.

4.1. Input-Output data

We use 1O data from Statistics Denmark for the period 1995-2019 and divide the production sector
into nine industries (see appendix 8.1 for more information about the industries). In Table 1, we
provide a general representation of IO flows used in our model. The inter-industry flows are
captured via a 9 by 9 matrix. The final demand block consists of consumption, public consumption,
investment, change in inventories®, and exports. Households’ consumption basket consists of a wide
range of products, where a detailed classification is carried out for the food products. The final
demand flows are captured via a 11 by 9 matrix. We have classified the IO table into different
blocks, each representing a matrix. Understanding the dimensions of these different blocks will play
a crucial role in understanding the equations in this paper. We encourage the reader to take a

moment to fully understand the blocks (highlighted in different colours) and their dimensions.

Table 1: Input-Output Matrix (general representation)

Cons ]
General ‘Agricutture | Foresty | Fishery| Mining and Quarry | Manu. Food [Energy prod.| Energy intensive | Financial corp. | Qther industries | Other cons| Bread Meat cons | Fish Cons | Diary cons | Fruit and vegies cons | Other food cons | Gov | Inv | inventories| Ex Totals

Intermediate flows Final d d for d

Specified imports used in domestic production Final demand for specified imports

Unspecified imports used in domestic production Final demand for unspecified imports ota pecified
Import duties associated with domestic production Import duties associated with final demand

Value added in production Value added through final demand

Total outlays Total aggregate demand (C+l+G+X)

We now move from a general representation of the IO matrix to the specific case of Denmark. Table
2 is a representation of an IO-table using Danish data (in nominal values) for 2019. When moving
across the table horizontally, the flows represent the production of each industry. For example, the
first row shows the production of agricultural sector. Note that each industry engages in two types of
production, i) production of products sold as intermediate goods to other industries (which are used
as inputs in production), and ii) production of final products sold to various institutional sectors (incl.
rest of the world), determining final demand. If we move vertically down the table (or read the table

from top to bottom), the entries (with the exception of gross operating surplus and mixed income)

& To simplify the model, we have added the acquisitions less disposals of valuables to the change in inventories. Both
variables are held exogenous within the model and will enter the same equations whereas it will not impact any results.



represent the costs of domestic industry associated with production. For example, the first column of
the table shows the cost of production in the agricultural industry. The cost of the industry consists of
three categories, 1) domestic and imported inputs, ii) production and value added taxes, and iii)
compensation of employees. The difference between the total value of production and costs, gives us
the gross operating surplus. This will be explained in more detail, when presenting the model

equations in section 5.

Table 2: Input-Output Matrix of 2019

Cons

Agriculture | Foresty | Fishery| Mining and Quarry | Manu. Food |Energy prod.| Energy intensive | Financial corp. | Other industries | Other cons| Bread Meat cons | Fish Cons | Diary cons | Fruit and vegies cons | Other food cons Gov_ Inv. Inventories Ex
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Note: All the flows from 2019 are presented in nominal values

The products of each industry sold to the households are categorised into 7 sub-categories. That is,
from the perspective of households, the consumption basket consists of 7 types of products,
supplied by 9 industries. It is worth noticing that a given product in the consumer basket can be
supplied by more than one domestic and foreign industry. For example, bread products are provided
by 3 different types of domestic and foreign industries. The categorisation of each industrial product
into sub-categories is only carried out for the consumption basket of the household sector, as private
consumption constitutes the major share of aggregate demand. The detailed sub-categorisation is
strategically performed for food items, as taxing emissions in the agricultural sector has lately
received a lot of attention. For other sectors, we retain a certain level of aggregation and account for

spending on goods according to the type of industries.

The input output table shown in table 2 provides the basis of the nominal industry level data used
within the model. Before moving to the presentation of price indices used to deflate the nominal
values in the IO-table, the distinction between nominal and real values should be made clear. In the
rest of this paper, we denote nominal variables with upper case letters and deflated variables with

lower case letters. However, it should be noted that matrices (both nominal and real) will be written



in uppercase and bold, but we will use 2010 as a superscript to denote real matrices (2010
representing the index and weight reference year used in calculating price deflators). Vectors (both
real and nominal) will be written in lower case and bold, and again, we will use 2010 as a

superscript to denote real vectors.

4.1.1. Price indices

To distinguish between unit changes and price changes in the model, we calculate the IO table for
each year in deflated values using 2010 as the base year.” We deflate the following flows: domestic
intermediate flows (domestic inputs), import flows used as inputs, and all aggregate demand flows
(which also include imports and exports). We then use these deflated values to calculate technical

coefficients in section 4.1.2.

To calculate price indices, we use the data provided by Statistics Denmark where IO-tables are both
available in current and last year’s prices, which allows us to calculate a price index using the
Paasche price index technique. For each variable (V) and each time period (t), we calculate the
change in price (P), by dividing the value in current prices (V;P;) by the value of last year’s prices

(VtPt—l)' 10

VP P .
R, =—+-=—% (equation 1)
ViPt-1  Pr—1

After calculating R, (which represents the price growth factor), we define a price index by setting a
value of 1 in the base year, 2010. To calculate the price index after 2010, we multiply the base value
with the price growth factor (R;) while moving forward each period; to calculate the price index
before 2010, we multiply the base value with the inverse of the price growth factor while moving
backwards each period. This way, we create an index that allows us to calculate the deflated values
of a variable in 2010 prices. We simplify the set-up by using an aggregate price index for each
domestic and foreign industry. In total, we compute 19 price indices as shown by each row of Table

3.!' Here, py{ is the producer price index for the total production of industry 1 and pm} is the

% The reason we use 2010 as the base year is because Statistics Denmark provides most aggregate variables in both
weighted prices (using 2010 as a base year) and current prices.

10 Statistics Denmark does not provide other production taxes, compensation of workers, and gross operating surplus in
last year prices. Therefore, we do not calculate the value-added block in 2010 prices. Still, we are able to use the 10-
setup to first calculate output in 2010 prices and then use price deflators to also calculate all components of the IO-table
in nominal prices. Thus, we are able to match total output with total outlays for the nominal values, ensuring a
consistent IO0-table.

' Additionally, we calculate price indices for value-added taxes and commodity taxes for the final demand part. We do
this to calculate the aggregate final demand variables in deflated values in the model.
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import price index for industry 1 also in producer prices. The price index pm{™ is used to deflate
the imports which can not be associated with a specific industry whereas it is classified as

unspecified imports.

Table 3: Price indices in 10.

and Quarry | Manu. Food |Energy prod | Energy intensive | Financial corp. | Other industries

Im Flow: Mining
Im Flow:

Im Flow:

Not deflated

pe_oth | pc_110] pc120 | pc 130 | pc 140 pe_160

Overall, we find that our constructed price indices match the ones published by Statistics Denmark
quite well. For the purpose of illustration, in Figure 1, we show how our calculated price indices for
key variables such as final consumption, exports, investments, and government spending compares
to the values provided by Statistics Denmark. Apart from the level difference in the deflators for

government consumption, our indices match the trend and fluctuation of the data.

Figure 1: Real final demand components compared to observed data.
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To create an index for household consumption, we first compute aggregate real consumption using

equation 2:
- (% > (Zhe1Cimc) | Miomos | Cume %7 Sy Gy

agg Z( p=1 domt> N Z( p=1 lmt) 4 _const . ‘uimt p=1 ctaxt p=1tvart (equation 2)
=1 pyt - pmt pmduty,t pmuim,t pcctax,t pcuat,t

Real aggregate consumption is calculated by deflating each consumption component by its relevant
price deflator. The first term of this equation indicates the summation of household consumption
values across each product type, divided by the price of the corresponding industry's price (py{),
and then summing up these real values across all industries to get the aggregate consumption. The

second term of the equation follows the same logic but for imported goods.

C gofn't is the nominal consumption of different goods type p supplied by the 9 domestic industries,
each divided by the relevant price deflator py{*. The notation given by Zp ol im. P_represents
nominal consumption of different goods type p supplied by the 9 foreign industries, each divided by
the relevant price deflator pm;'. We also include import duties (M, f;‘g +) paid by the consumer and
divide it by the respective price deflator (pmgyey,¢). Cyyim ¢ are the unspecified nominal imports,
deflated using the price deflator for unspecified imports (pcyim ). Finally, commodity taxes C ftax "

and value added taxes C?

var ¢ are deflated using their respective price deflators pcerays and peyqe ;- It

12



is important to highlight that the price deflators for import duties, commodity taxes and value added
taxes are merely computed to carry out the calculations in equation 2, beyond which, they have no
role as these variables will only be used in nominal terms for our analysis. Therefore, we do not
represent them in the price dynamics represented in Table 3. Note that equation 2 without price

denominators simply equals total nominal consumption (C,97).

We can now calculate the price deflator for aggregate consumption (pcf 99 as follows:

99
pcfgg = czgg (equation 3)

t

We follow the same strategy and calculate a price index for each aggregate demand component
namely, investment deflator (pin? 99), inventory deflator (pinventf 99y government spending

deflator (pg,9?), exports deflator (px,;97), imports deflator (pm,9?), and finally, the GDP deflator

Py, 99).

4.1.2. Technical coefficients

In this section, we perform the calculations of technical coefficients. Before calculating the
technical coefficients, we deflate the 1O data using the price indices presented in the previous

section. Our strategy is to separate the effect of price changes from the effect of unit changes in 10

setup. Using the price deflators presented in Table 3, we create a matrix Z ,%,‘3,,1,& which consists of

domestically produced inputs for production but in 2010 prices. Similarly, we create a final demand

2010

matrix Fgg,

in 2010 prices. We can now set up the following system of equations:

Zomilo + Fiomyiyg = prod;®'° (equation 4)

The intuition behind equation 4 is straightforward: the sum of intermediate goods and final demand
gives us the total value of domestic production. To understand the matrix representation of equation
4, it is important to understand the dimensions of the different blocks in the IO matrix. Even though

Table 2 is a matrix of nominal values, we can still make use of it for the purpose of explaining the

2010

dimension of our matrices. Our 1O table is categorised into multiple matrices; Zggp, ¢

matrix (which
has 9 X 9 dimension, represented by the top-left, highlighted in light blue colour) is converted into a

column vector by multiplying it with a column vector of ones ig. The dimension of the column

2010

vector is 9 X 1 as we have 9 industries (or columns). Similarly, the final demand matrix Fggp,

(which is 9 X 11 represented by the top-right, highlighted in blue) is converted into a column vector

by multiplying it with a column vector of ones i1 (here we use 11 X 1 column vector). The sum of

13



the two resultant column vectors (intermediate goods and final demand) gives us a vector of total
production, consisting of 9 rows (which is the last column of Table 2 highlighted in dark blue).
Here, each row represents a corresponding industry, e.g., the first value of the total production
vector will represent the total (real) production by the agricultural sector (the nominal value is

77.232).

Since the demand for inputs (or inputs purchased) by an industry, amongst others, is determined by
the total production (or demand for the products) of that industry, we assume a linear relationship
between inputs and production. More specifically, this relationship is captured through technical

coefficients. The matrix of technical coefficients (42°19) can be written as follows:

all .. gin
A2010 — S (equation Sa)
a?l e a?n

where each element of this matrix is calculated as follows: '

in
in Zt .
aj" = —— equation 5b
t prOdgom,t ( q )

In the above, z}™ denotes total inputs, including both the real value of domestic inputs zé(’}m’t and

the real value of imported inputs Zii,;ll‘t purchased by an industry » from industry i (thereby adding

the light blue matrix and the light orange matrix together in Table 2).
l-'m't (equation 5c¢)

Re-arranging equation 5b, we can write equation 5d which relates total production in industry » to

the input requirements from industry i:
zi" = al™ * prodiom . (equation 5d)

The total inputs in matrix form can be expressed as:

11 in
2010 o
Z; = . : (equation 5e)
ni nn
Zt cen Zt

12 Here, we attempt to be consistent with the standard matrix notations where elements of a matrix X are usually
represented by X; ;, where i denotes rows and j denotes columns. Similarly, in our notations Z™* implies that n

represents rows and i represents columns. It is important to emphasize that when we use the notation Z'™, we do not
mean to switch the rows and columns, but in that case, i represents rows and n represents columns.
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Which can then be split into a matrix of domestically produced intermediate good Z 5?,,1,& and

foreign produced intermediate goods Z 1-2,‘,)1,1,50. Section 5.2.6 describes how this distinction between

domestically and foreign produced intermediate goods are carried out.

11 in
Zdomt " Zdomit
Z 5?,,1,3 = : : (equation 5f)
ni nn
Zdom,t Zdom,t
11 in
Zimt " Zimgt
o0 = ) : (equation 5g)
n nn
Zimt " Zimgt

In a static setup, the relationship between final demand F3)Ly, and production prodz°*® would

require the calculation of the Leontief inverse,'® but since we use a dynamic setup, we can simply
use equation 4 in combination with equation 5d to calculate total production for each industry,

which for industry » will result in equation 6 presented in section 5.1.1.

4.2. Transaction-Flow-Matrix from a sectoral perspective

Before we move further into the data requirements of the model, we find it important to first
provide an overview of the transaction flows from the perspective of institutional sectors in the
economy (aka Transaction-Flow-Matrix - TFM). Our model consists of 5 institutional sectors
namely, households, non-financial corporations (NFC), financial corporations (FC), government,

and the rest of the world (ROW).

Table 4: Transaction-Flow-Matrix

13 In a static input-output model one should obtain the Leontief inverse to relate domestic final demand (F2°19) to
. . . . . . -1 .
domestic production (prod?°1%). This can be done using the following equation: (I — A2910) * x F2010;, =

-1, o -1
prod?°1°, Where (17 - A%Olo) is referred to as the Leontief inverse (L29197").
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It is important to highlight that the national accounts, which provide the basis for a full empirical
model, can be presented at both industry and sectoral level. When describing production in the
model structure, we use the industry-level accounts (discussed in section 4.1), but when explaining
the TFM in Table 4, we choose to use the presentation from the sectoral perspective. The reason is
that data for variables below gross operating surplus and mixed income, such as financial income or
changes in financial transactions, is unavailable at industrial level. Consequently, the current model
can explain the rows below gross operating surplus only at a sectoral level. For example, the model

will only explain net lending (surplus/deficit) at a sectoral level but not at an industrial level.

We now provide an explanation of how industries and sectors are connected. Note that entries above
the gross operating surplus are obtained from the 10 table whereas flows below the gross operating
surplus are obtained from the national accounts at a sectoral level. To establish a connection
between industries (IO data) and institutional sectors (sectoral national accounts), we use gross
operating surplus as a binding flow. This requires identifying, what share of industrial profits (from
production) falls under which sectors; in this regard, we use the 2016 matrix of industry by sector
provided by Statistics Denmark (DST 2021), which contains the share of gross value added (GVA)
from each industry allocated to the corresponding institutional sectors. For example, the matrix
suggests that two-thirds (approx. 66.7 percent) of the GVA from the agricultural industry belongs to
the households, one-third (approx. 33.3 percent) belongs to the NFC, whereas none belongs to the
other sectors. Therefore, it is assumed that two-thirds of the gross operating surplus from the
agricultural industry is owned by the household sector, whereas the remaining belongs to the NFC.
This implicitly suggests that two-thirds of both the total production (which includes the sale of final

consumption goods) and the total costs (part of which include paying wages) related to the
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agricultural industry belong to the household sector. However, to keep the presentation of TFM
simple, entries in relation to consumption (as an income) and wages (as an expense) are not

explicitly included for the household block.

To get the weights for each of the 9 industries, we calculate a weighted average of the shares
obtained from the matrix of industry by sector, using the level of gross operating surplus for each
industry (more information about the estimation of these shares are provided in appendix 8.2).!* It
is important to highlight that the allocation of gross operating surplus (which we at the industry
level call profits) to other institutional sectors should not be confused with dividend payouts against

equity holdings; that mechanism is separately captured in our framework as will be discussed.

After transforming gross operating surplus and mixed income (profits) from an industry to sectoral
level, we now focus on sector-specific income and expenses. Here, we rely on the sectoral national
accounts data presented by Statistics Denmark. This includes sectoral saving, which is used for
capital formation (investments) and other capital transfers; !> if a sector’s savings are not enough to
meet its investment expenditures and other capital transfers, the sector will run into a (sectoral)
deficit, which is reported by the row called net lending in the TFM. This deficit is covered by
adjustments in the balance sheet as shown by the rows below net lending, representing the changes
in eight net financial stocks namely gold, deposits, securities, loans, equities, insurances,

derivatives, and trade credits.

The structure of the balance sheet, although not explicitly presented, is obvious from the lower part
of TFM. The net value of each financial stock is calculated as the difference between the asset and

liability of the same financial stock. When calculating the change in net financial wealth (as shown
by the last row of the TFM), we also account for re-evaluations of the stock of net financial stocks,

represented by the 8 rows just above the net financial wealth.

4.2.1. Net financial income

One crucial aspect for the sectoral data is the calculation of rates of return for the 4 types of income
on financial assets (reported in the rows under the gross operating surplus) being: net interest

payments denoted by NINT, net income on other investments (related to pension and insurances)

14 An alternative approach is to calculate exogenous shares of total profits received by the household, the government
sector, financial corporations, and non-financial corporations based on the sectoral data and then divide out total gross
operating surplus using these shares. A problem that might arise following this approach is if agricultural increase
profits this will lead to an increase in total profits and based on the exogenous shares profits obtained by the sectors will
increase. In reality, an increase in agriculture industry profits should only increase the profits obtained by the household
sector and non-financial corporations following the shares obtained from the Matrix of industry by sectors.

15 Here, we use exogenous shares to divide the total nominal investments across the sectors.
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denoted by NOIR, net income on net equities denoted by NDIV, and finally income on net FDI
denoted by NFDI. A crucial step in calculating these rates of returns is to ensure that incomes on
financial assets in the TFM (4 income streams in our case) are linked to the holdings of financial
stocks (8 financial stocks in our case). To clearly establish a link in this regard and to simplify the
structure of the model, we rely on certain assumptions.'® First, we assume that the rate of return on
a given financial stock is the same across institutional sectors, e.g., the interest rate on loans is the
same for all sectors. This raises the question of which sector’s stocks and flows should be used to
calculate the rates, which motivates our second assumption; it can be argued that, since financial
corporations serve as financial intermediators, this sector should be used to calculate the rates of
returns on financial stocks. In appendix 8.3, we present a detailed description of how these different
rates of returns are calculated, which determine the 4 types of net financial income presented in the

TFM.
We now proceed to presenting the data used in the environmental block of the model.

4.3. Environmental data

We use a mix of data sources for the environmental variables. For the energy supply and use, we
collect all data from Statistics Denmark. For emissions, we have chosen to use a combination of the
data from GreenREFORM model and Statistics Denmark. The appealing feature of the emission
data used in GreenREFORM is that we can relate a specific type of emissions to a specific type of
energy usage. In the following sections, we present this in further detail, starting with the energy

accounts from Statistics Denmark.

4.3.1. Energy Accounts

For the energy accounts used in our analysis, we consider 21 different types of energy supplied and
used in the economy. This data is crucial for understanding the direct energy usage patterns across
different economic units, providing clear insights into which energy sources are most utilized by
each industry. Table 5 provides an overview of the Danish energy accounts in 2019, expressed in

physical units.

Table 5: Energy supply and usage in 2019 by each industry (in million Gigajoules)

16 Our assumptions are mostly dictated by the lack of transparency in the data.
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Energy accounts 2019 Coil Oilp  RefG  GasT  Fgas FGasBunk DieT  DieTBunk SGasBunk NGasExt NGasCons (C  Waste  RE Straw  FW WP BioG BBB Dheat | Total

Agriculture 0 1) 0 0 0 0 0 0 1) 0 0 0 0 0 18 0 0 0 0 0 0l 18]
Foresty 1) o 1) 0 1) 0 0 0 o 0 1) 0 0 1) 0 35.9 0 0 1) 0 0l 35.9)
Fishery 1) 1) 1) 0 1) 0 0 0 1) 0 1) 0 0 1) 0 1) 0 0 1) 0 0l 0f
Mining 2157 o 0 0 0 0 0 0 o 1185 0 0 0 0 0 0 0 0 0 0 qf 334.2]
Manufacturing of food products 0 1) 0 0 0 0 0 0 1) 0 0 0 0 0 0 0 0 0 0.1 0 0l 0.1}
Energy production and refineries 1) 126.1 16.6 915 9.8 97.2 0 o 0 139.9 0 0 1) 0 1) 0 16.6 7.7 97.6 103.7| 706.7)
Energy intensive industries 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 5.7 26.8| 34.5
Final corporations 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 0f
Other industries 0 1) 0 0 0 0 0 0 1) 0 0 0 0 0 0 0 0 0 0 0 0l 0f
Imported energy 207.6 1424 1) 16.8 434 26.9 0 23.8 497.2 439 1) 62.4 5.7 1) 0 9.1 57.2 0 2 524 0.1  1190.9]
Waste used as input 0 o 0 0 0 0 0 0 o 0 0 0 429 0 0 0 0 0 0 0 0l 42.9

ble energy used as input 0 0 0 0 0 0 0 0 0 0 0 0 0 76.1 0 0 0 0 0 0 0] 76.1)
Total supply 423.3 268.5 16.6 108.3 53.2 26.9 97.2 23.8 497.2 1624 139.9 62.4 48.6 76.1 18 45 59.2 16.6 9.8 155.7 130.6}

Usage

Agriculture 0 1.7 0 04 0 0 25 0 0 0 13 0.1 0.2 0.9 2 0 0 0.3 0.2 6.5 15 27.6)
Foresty 0 04 0 0.1 0 0 0.4 0 1) 0 0 0 0 0 0 0 0 0 0.03 0 0l 0.93)
Fishery 1) 4.7 1) 0 1) 0 0.1 0 o 0 1) 0 0 1) 0 1) 0 0 1) 0.3 0l 5.1
Mining 0 0.9 0 0 0 0 0.1 0 o 19.8 0.7 0.2 0 0 0.5 0.1 0.1 0 0.3 qf 22.7)
Manufacturing of food products 0 18 0 0.1 0 0 0.7 0 0 0 7 12 0 0.5 0 0.2 0 12 0.04 6.3 0.5 19.54)
Energy production and refineries 3287 2 16.6 0.2 0.6 0 0.4 0 1) 139.8 285 335 88 64 131 288 349 9.2 0.2 58 0.5 715.7]
Energy intensive industries. 1) 9.3 1) 0.1 1) 0 25 0 o 0 1 3 39.2 0.8 0 0.9 0.3 13 0.2 12.3 17| 83.1)
Final corporations 0 o 0 0.1 0 0 0.4 0 o 0 0.3 0 0 0 0 0 0 0 0.03 0.7 0.7] .23
Other industries 0 2 0 5.2 19.8 269 63.1 238 497.2 0 135 0 0.4 11 0 0.2 24 13 51 487 31.8] 763.1)
Exports 107.7 218 0 51 123 0 0 0 1) 0 41 27 0 0 0 1 185 0 0 3L6 0l 433.8)
Change ininventories -13.1 -10 1) 0.4 20.5 0 0 0 o 0 13.2 2.7 0 1) 0 3 13 0 1) 0 0l 15.9)
Distribution losses 0 o 0 0 0 0 0 0 o 28 0.2 0 0 0 0 0 0 0 0 57 26.1| 34.8)
Households 0 7.7 0 513 0 0 27 0 0 0 23.2 0 0 88 2.3 164 16 2.6 4 37 67.7] 264.5)
Total Use 4233 268.5 16.6 108.3 53.2 26.9 97.2 23.8 497.2 1624 139.9 624 48.6 76.1 18 45 59.2 16.6 9.8 155.7 130.6}

Note: Coil (crude oil), Oilp: Oil products), RefG (Refinery gas), GasT (Gasoline for transportation), FGas (jet fuel),
FGasBunk (Jet fuel bunkered), DieT (Diesel for transportation), DietTBunk (Diesel for transportation - bunkered),
NGasExt (Natural gas extraction), NGasCons (Natural gas consumption — incl. city gas), CC (coal and smoke), Waste
(Waste), RE (Renewable energy), Straw (Straw), FW (Firewood and wood chips), WP (wood pellets), BioG (Biogas),
BBB (Biodiesel, bioethanol and bio-oil), El (electricity), DHeat (District heat).

For each of the 21 energy types, we have both supply and usage data for each industry, represented
by the first nine rows in each block. Specifically for energy supply, energy can be imported or
produced using accessible inputs in the form of waste or renewable energy (e.g., wind or solar
power). In the usage block, energy can be exported for use outside Denmark, consumed by
households, or lost due to distribution losses. If there is an excess supply (usage) of a specific
energy type, this will increase (lower) the inventories of that energy type (see the row “Change in

inventories”). As a result, total energy usage equals total energy supply for each industry.

Although we have both the supply and usage data at an industrial level, in most cases, we cannot
see what fraction of the total energy used by an economic unit is supplied by a specific supplier. We
can only establish partial links based on our abductive reasoning of the energy accounts, which
could be useful in interpreting the results. For instance, from a consumption point of view, the
‘energy producing and refineries’ industry shows a high consumption of crude oil (328.7 million
gigajoules), indicating its substantial reliance on the mining industry. Whereas, from a production
point of view, this industry serves as the sole provider of natural gas for consumption and the
biggest provider of district heating, the latter being the largest source of energy for the household
sector used in heating residential units. Thus, the household sector, for its energy consumption,

appear to have a strong direct dependence on energy producing and refineries industry.



Unfortunately, we do not have the full information to transparently link each and every unit of
energy between suppliers and users. This limitation, along with the absence of energy prices
required to convert physical units to monetary units, prevents us from integrating energy accounts
in the 10 setup presented earlier. Nonetheless, it is important to emphasise that the costs (revenue)
associated with using (selling) energy as an intermediate good are implicit in the 1O table. In this
version of the model, we simply aim to establish a relationship between energy usage (in physical
units) and economic activity while capturing the resulting GHG emissions. A more realistic
extension of the model will require accounting for the price of each energy type, converting

physical units to monetary units, and then integrating energy accounts in the 10 setup.

4.3.2. Emission Accounts

We collect data on six types of emissions: carbon dioxide (CO2), nitrous oxide (N20), methane
(CH4), sulfur hexafluoride (SF6), perfluorocarbons (PFC), and hydrofluorocarbons (HFC). These
emissions are later used to calculate the CO2-equivalent measure (CO2E). As mentioned, we use a
mix of data sources for the emissions data. For CO2, N20, and CH4, we use data from the
GreenREFORM model databank (Svarer et al., 2024). In contrast, we use data from Statistics
Denmark for SF6, PFC, and HFC. The choice of data source depends on how the emission type is
produced. Since CO2, N20, and CH4 are emitted both in relation to energy usage and
independently of it, the detailed setup of the GreenREFORM model databank allows us to
disaggregate energy-related emissions down to specific energy types. In the table below, we present

this disaggregation for CO2 emissions related to energy: !’

Table 6: CO2 emissions related to energy usage

€02 Emissions accounts 2017 Coil  Ollp  RefG  GasT  Fgas FGasbunk DieT  DieTBunk SGasBunk NGastxt NGasCons (C  Waste RE  Straw _FW WP BioG _ BBB___ El _ Dheat | Total

Agriculture

Foresty

Fishery

Mining

Manufacturing of food products
Energy production and refineries
Energy intensive industries

Final corporations

Other industries

Households

911.85
26.6
361.76
44.66
163.25
216.59
845.22
5.1
1673.88.
655.72

0 29.96
0 18
0 0.87
0 0.2
0 2.89
909.64 8.2
0 5.55
0 7.01
0 36222
0 3776.09

o o oo o oo

0

oo oo oo o

0

1367.88  2208.82

0

0

167.03
33.83
6.72
8.14
70.55
29.82
18415
29.1
4562.32
2038

0

oo oo

0

0
0
0
0
0
0
0

0

995.78 35259.76

0

0

0
0
0
1312.05
0
0
0
0
0
0

98.37

0

0

50.72
670.11
3053.88
754.63
10.07
592.62
1423.13

38.04

0

0

0
138.99
5724.74
287.73
0

0

0

19.88

0

0

126
4.1
8775
3980.75
0

68.91

0

3

0

0

0.42
2455
2616.56
103.99
0

39.38
2820.77

0

0

0
113.72
0.53
4485.71
21.76

0
155.98,
1637.7

15.57

0

0

0

5292
1083.33
36.74
0.65
63.32
90.73

1247
2.53
0.5
0.61
5.27
2.23
13.75
217
340.68
152.18

1484.56)
64.76)
369.85
1531.7§
1203.16|
20533.64]
6234.27)
54.11
47691.55]
12891.81]

clec e o oce e
olo oo ooooooo
clo oo ooooo oo

4904.73  909.64 419479 1367.88 2208.82 7129.66 995.78 35259.76 1312.05 6653.53 6189.5 50224 202117 5608.67 64154 134331 53239

Total CO2 (1000 tons)

17 This data was published together with the presentation of the green reform model used to evaluate environmental
regulations of the agricultural industry in Denmark (Svarer et al. 2024). Duo to inconsistency with energy used and
emissions for wood pills for the agricultural industry, we have modified the databank by setting emission for the
agricultural sector associated with wood pellets to 0. This only occurs in 1995, 2000, and 2003 and the highest absolute
value being 4.37E-13.
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As detailed emissions data from the GreenREFORM database are only available up until 2017, we
construct new emissions data for 2018 and 2019, assuming the same relationship between energy
usage and emissions as in 2017 (since energy data is available for 2018 and 2019). This will

become clearer in section 5.4.2, where energy-specific emissions coefficients are calculated.

For SF6, PFC, and HFC emissions, which are unrelated to energy usage, it is neither necessary nor
possible to disaggregate these emissions into the format of Table 6. This data is available for the

entire time period, and no further operations are required.

This concludes the data requirements for the model, which relies on national accounting data at both
the industry and sectoral levels, along with emissions and energy data. In the next section, we

introduce the structure of the model.

5. The model structure

The model has four major blocks, 1) the domestic production block, describing total production,
production costs, and profits for the domestic industries, ii) the aggregate (or final) demand block,
providing a detailed description of the drivers of aggregate demand. Since the model is demand-
driven, this block to a large degree determines industrial production (or the supply side), which is
presented in the production block. iii) the stock-flow consistency block, in which we model the
financial aspects of each institutional sector to capture the interdependence between real and
financial spheres of the economy, while ensuring there are no leakages in the system, and iv) the
environmental block, where we model the types of energies used in the production process and also

capture the resulting GHG emissions of each industry and the economy as a whole.

5.1. Production components
5.1.1. Production

We can formally show the accounting identity used to calculate total production. As mentioned in
section 4.1.2, we use a dynamic setup where we rely on a single equation (see equation 4),

according to which, total domestic production in fixed prices is defined as follows:

9

7
n — ni np n SR ) : n n ;
prodgome = z Zgome T Z Caome T 9OViom + INVgom, + Ainventy,,, . + Xgom (€quation 6a)
i=1 p=1
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In the above equation, Y;_, zg;'m,t represents the sum of inputs (or total intermediate goods) sold by
the domestic industry » to the domestic industry i (where i=1,2,3,...,9). That is, it represents the
sum across columns (representing sales) while holding the row fixed for an industry n. For example,
if we take the row that represents the agricultural sector, the sum of column 1 (left) to column 9
(right) will represent the total intermediate goods sold by the agricultural sector. The term

_.C} dom . In the equation represents consumption of different types of goods (p) offered by
industry n. In other words, this represents the sum across the columns (representing sales of
different good types) in the household consumption block while holding the row fixed for an
industry n. The remaining elements of equation 6a, given by govg,m ¢, iNVgom ¢ Ainventy,,, ,, and
Xgom ¢ Tepresent the production of industry » (everything in deflated values with base year 2010) for
the purpose of public spending, investment, changes in inventories, and exports, respectively.'® By
including equation 5d (z}™ = al™ * prodg,m ) in the model we take into account the indirect
effect of changes in real production on required inputs. It is important to highlight that this
relationship is modelled using the deflated variables. If this relationship was captured using nominal
values, an increase in prices for final consumption goods in industry #» would result in an increase in
inputs from other industries (X{_; Z%, ;). We can now compute total production (PROD,,, ) in

nominal terms, using the price indices in Table 3 as follows.
PRODg g+ = Z 2B+ Z Cdomt + GOVigm e + INVigm  + AINVENT o + Xiome (equation 7a)

where Z Ziloim ¢ = zgoim ¢+ * py{t is nominal intermediate goods sold by industry #z to other industries,
. CyP = p 1yl * pyl is nominal private consumption of goods, GOViomt = 90Vgom.t *
py[‘ is nominal government consumption of goods produced by a domestic industry n, INVj,,, . =
INVG,m e * PYE is nominal investment using goods of a domestic industry n, AINVENTZ,,, . =
Ainventg,,, . * py{* is the nominal change in inventories, and Xg,,, ; = XJom ¢ * PVt is the

nominal exports of goods by a domestic industry 7.

18 From total production, we can derive the sales within each industry by deducting the change in inventories from the
production saleg,,, = prodj,,, . — Ainventg,, .. If industry n produces more than what is sold, the change in
inventories will be positive, whereas a negative value indicates that goods produced in previous years were sold in the
current period, lowering the value if the inventories. Since changes in inventories are relatively small and treated as
exogenous, we do not distinguish between sales and production.
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5.1.2. Cost of production

To estimate the costs of a specific domestic industry, we can move vertically down the IO table (see
Table 2), where all the entries, except gross operating surplus and mixed income, represent the costs
associated with production. The total cost of production (COSTZ,,,,) for a domestic industry 7 in
nominal terms is determined as follows:

9

COST}ym: = z Z 4 20 o+ Zlhae + CTR + VAT + OPT]
i=1

+ Wi (equation 8)

where Y'7_, Z4™ represents total inputs purchased by industry # (incl. both domestic and imported
inputs). That is, each type of input (e.g., agricultural input) can be divided into domestic and

imported input as follows:

AN AL (equation 9a)
9 9
Z AES Z VAR Z Zlm ¢ (equation 9b)
i=1 i=1

Here, ¥7_, Z dio’;n,t is the cost of domestic inputs purchased by industry n from domestic industry i at
time ¢. The term Y5, Z lln’l‘ ¢ denotes the sum of inputs purchased by industry »n from foreign industries
at time . Note that the notation Z{ ™ is the sum across rows i (where i = 1,2,3,...,9) while holding a
column » fixed, which gives us inputs as costs for an industry n. For example, to calculate total
domestic inputs purchased by the agricultural sector, we choose the column, representing the
agricultural sector, and then take sum of row 1 (top) to row 9 (bottom). Note that the notation Z} ™

equation 8 is different from the notation Z** denoting inputs as sales in equation 7 (which was the
sum across columns 7 while holding a row # fixed). In the rest of the presentation, Z} " will represent

costs of inputs for an industry n whereas Z* * will represent sales of an industry #, in both cases with

industry 7 as the counterpart.

For the remaining notations in equation 8, Zy;,,,.,  denotes the unspecified imports used, Z, 4,

represents the import duties paid, CT{* denotes the commodity taxes, VAT{* denotes the value added

taxes, O PT{*denotes other production taxes, and W;* denotes the wage bill paid by industry ».

The costs related to Zy;,,,, ; and Zjy, ; . will be addressed in section 5.2.6, where we discuss imports,

while the remaining costs will be covered now as we begin modeling the various taxes associated
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with production. In this context, commodity taxes, value-added taxes, and other production taxes
are calculated using an exogenous time-varying rate for each industry. For commodity taxes in each
industry (CT{"), we multiply domestically purchased inputs by the corresponding tax rate as

follows:

9
CT! = <Z Zégm,t> * CT gee (equation 10)

Using the same strategy, we calculate value added taxes (VAT/") by multiplying the domestically

purchased inputs with the corresponding tax rate as follows:

9
VAT = (Z Zflf,‘m‘t) * VAT wter (equation 11)

Regarding other production taxes paid by the 9 industries (OT P{*), we distinguish between
environmental taxes (ENV{}, ;) and non-environmental taxes (NE{,, ). The identity representing

total other production taxes can be represented as follows:
OTPlaxt = NEtgx: + ENVigy: (equation 12)

To compute non-environmental (net) other production taxes, we use an exogenous rate based on

total inputs used from domestic production. This can be expressed as follows:

9
NEoy: = (Z ZéZ}m,t> * NE et (equation 13)

The environmental taxes (ENV{}, ) are determined endogenously in the model and will be further

discussed in section 5.4.3 (equation 144a).

The final component of industry specific costs is the wage bill W/ paid to workers by the nine

industries. Here we multiply the wage rate Wage[* with the number of employees in each industry:
W =Wagef x EMP}! (equation 14)

If the total nominal value of production (in equation 7) of an industry are higher than its nominal
costs (in equation &), the industry will have a positive mixed income and gross operating surplus (or
profits), which is represented in the last row of the value-added block. This identity can be

represented as follows:

24



PROFIT{* = PROD}y, . — COSTR ... (equation 15)

where PROFIT!* in equation 15 represents the profit (gross operating surplus and mixed income) of
industry n. For example, the gross operating surplus and mixed income for the agricultural industry
is 21.5 billion DKK in 2019 (see Table 2), which is equivalent to the difference between total
production measured as the sum of the first row and the total costs measured by the sum of the first

column (excluding the gross operating surplus and mixed income itself).

The calculations of profits as a residual ensures that we have a full account of production in the 10
framework where total output of a given industry n equal its total outlays (e.g., total output and

outlays for agriculture sector are 77.232).

5.1.3. The labour market: Prices, wages, and employment

For price setting at an industry level, we follow a standard pricing mechanism often used within the
Post-Keynsian literature (Harris 1974, Asimakopulos 1975, Godley and Lavoie 2006). We assume
that producers have some degree of market power (or monopoly) and can therefore set prices above
the unit cost of production. This approach to price setting is realistic when applied at an industrial
level, since products across the industries are not close substitutes. To estimate the price within each
industry, we assume the price for a product offered by industry # is a function of a mark-up over

unit cost of production as follows:

cosT} .
p—— (equation 16)

dom,t

pyt = A +u) =

where ug* is a markup, COSTg,,,, ¢ is the total nominal cost of production (see equation 8) and
prodg,m . is the total (real) production (see equation 6). The mark-up differs across industries as
well as over time, and it is determined exogenously.!” Moreover, our price setting in equation 16
implies that consumption prices are also endogenous, since consumer prices to a large degree

depend on producer prices py{* (for more information on the consumer prices see appendix 8.4).

It should be re-emphasised that, from a demand perspective, there is no direct substitution effect
between the industries. However, substitution between industries can occur indirectly, as we include
substitution between 1) the seven product types and ii1) domestic and foreign goods. In the first case,

a higher price for meat products will shift demand to other products (mainly other food products).

. PRODJ,, +—COSTS, . .
19 The mark-up is calculated as: puf' = ( d:g;;n dom.) . The numerator represents nominal profits while the
dom,t

denominator shows total cost of production also in nominal values.
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While in the second case, an increase in the price of domestic agricultural products relative to
foreign agricultural products will increase the demand for foreign agricultural products (both used
as inputs and in final consumption). For more information about these two substitution effects go to

appendix 8.4.

We now define employment, which, like in most Post-Keynesian models, is determined by two
fundamental factors; the level of economic activity and productivity. Applying this approach at an
industrial level, employment level (or the number of employees) in each industry can be defined as
a function of total production of industry » to the corresponding productivity ratio:
prOlelom,t

n

EMP] = —
t

(equation 17a)

Here prodg,,, ; is real total production for a given industry and af* is the productivity within each

industry. Productivity is assumed to be exogenous.?’

Using the number of employed in each industry, we calculate the number of unemployed using the

labour force:

9
UNEMP; = LF; — Z EMP} (equation 17b)

n=1
We can now calculate the unemployment rate as follows:

_ UNEMP,

t=IF, (equation 17c)

prOdtrilom,t
EMPl

20 Productivity is calculated outside the model, given by the following equation: prod? =
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To model wages, we first estimate a general wage rate in the economy. The general wage rate is
determined by a targeted general wage rate (Wa getg en’T) and the average level of productivity in

the economy (a,).?! The estimated function form of this equation is as follows:

InA(Wagel™) = 0.24™* + 0.78** InA(Wage?}) + 0.08** InA(Wage?)'") — 0.15" In(Wage ]

+ 0.09" ln(Wagetg_e;’T) +0.28"" In(a;_,) (equation 18a)

According to the estimates, productivity only affects the wage rate in the long-run whereas targeted
wages can affect the wage rate both in the short run and the long run. Workers are assumed to set a
targeted general wage rate while taking into account previous inflation; it is defined as the general

wage last year times last year’s rate of inflation:

Wagegqen‘T =Wage?’' » (1 + m;_y) (equation 18b)

Once we have estimated the general wage in the economy, we can endogenies the industry-specific
wage rates to capture the heterogeneity in wages across the industries. The wage rate within each

industry is a linear function of the general wage rate:
In (Wagel) = o} + ofln (Wage?™) (equation 18c)

In equation 18c, wj should be seen as an industry specific wage premium, for example if an
industry relies on specialized workers the wage premium is expected to be above average in the
economy. The coefficient @] determines the industry specific bargaining power, when the general
wage level in the economy (Wage?“™) goes up a value of @, below (above) 1 indicates that the

industry has relatively low (high) bargaining power.

This concludes the production components within the model. The reader should note how all the
production components presented in this section are functions of either nominal or real production
(see equation 5c¢). As production is driven by final demand, this means that the model is demand

driven, in which production components adjust to final demand.

21 The average level of productivity is exogenously calculated as the ratio between real GDP and total employment as

follows: a, = —2—
empg
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5.2. Aggregate demand components

In this section, we will cover aggregate demand components which include consumption,
investments, changes in inventories, government spending, exports, and imports. When modeling
consumption and investment, we follow a two-step strategy: 1) we estimate the aggregate flow using
regression equation. ii) Then, we split the estimated aggregate value into its corresponding sub-
categories pertaining to industrial products. The share of each industrial product in the aggregate
flow is then endogenized based on the relative price level between products using a nested structure.
Following this approach, we capture the asymmetric response of industrial products to income and
price shocks. Changes in inventories and government spending are exogenous in the model and will
only be shortly described. When modeling the trade balance, we estimate the behavioural equations
for each industry to capture the asymmetric responses across the industries following movements in

domestic and foreign prices.

5.2.1. Consumption

When modeling consumption, we use the aggregate value of household consumption before taxes.
This aggregate consumption (without value added taxes and commodity taxes) is denoted by c¢f°f to

distinguish it from the definition of aggregate consumption Cf 99 presented in equation 55a.

Following standard post-Keynesian theory, we estimate consumption as a linear function of
disposable income and wealth (see, e.g., Byrialsen and Raza 2022; Thomsen et al. 2024). This
relationship is captured by the following Error Correction Model (ECM) model:

InA(cf°t) = 0.37** InAydf — 0.30"** In cf°% + 0.29"** Inydf ; + 0.011n fawf ; —
0.002** Trend (equation 19)

Real consumption (cf°%) in the short run is determined by real disposable income (ydf), while in
the long run, it is determined by real disposable income and real financial net wealth (fnw/’,).?
The estimates are in line with our expectation, suggesting positive effects of disposable income and

financial net wealth on consumption.

After estimating consumption, we split the aggregate value into its corresponding sub-categories;
the consumption basket consists of 7 types of consumption goods, bread (c}1?), meat (c}2°), fish

(ct39), dairy (c*?), fruits and vegetables (c1°°), other food products (c}8°), and finally industry

22 To calculate real disposable income (yd!"), and real financial net wealth (fnw}’) we use the tax-adjusted consumer
price index calculated in appendix 8.4.
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specific products (c;7*“). The industry specific products are simply the type of products (other than
the bread, meat, fish, dairy, and fruits & vegetable) provided by each industry . For instance,
energy production and refinery industry, does not supply any of these food products, so its main
supply — consisting of different energy types — is captured in the industry specific flow. The
superscripts are solely for identification purposes, matching the notation used by Statistics
Denmark. For a general representation, we replace the superscript by p (wherep = 1,2, 3, 4, 5, 6, 7)

representing the 7 product types. The amount spent on a good type (p) is calculated as:
cf =y’ wctot (equation 20a)

Where 7/th is the (time varying) fraction of a good type (p) in the total consumption; we endogenize
this share using a nested structure with constant elasticity of substitution based on relative prices.
First, consumers choose between food products and industry specific products, afterwards they
make a choice amongst the 6 food products. In appendix 8.4, we show how each of the seven shares

are calculated following the nested structure.

Once we find the amount spent by households on the consumption of good type p (e.g., meat), we
can calculate what proportion of this good is provided by domestic producers and what proportion

is provided by foreign producers.?* We can calculate the value of domestic products (cgom’t) and

imported products (an,t) used in consumption as follows.
CHome = A= dE) *cf (equation 20b)
an,t = (¢é’,t) * Cf (equation 20c¢)

where (1 — d)g t) is the time varying fraction of the good produced by domestic producers whereas
qbg ¢ 1s the fraction of the good provided by foreign producers, i.e., it is the proportion that is

imported.?* After determining the share of domestic and foreign producers of a good type (p), we
then disaggregate domestic and foreign production into the corresponding # industries (where

n=1,2,3,...,9) according to Table 2. We use time-varying shares as follows:

np _ gnp P .

Caomt = Adom,t * Caom,t (equation 21a)
np _ ,np p )

Cime = Aimt * Cim,t (equation 21b)

23 This distinction is crucial to capture the effects of real exchange rate on aggregate demand.
24 Later, in equation 43 we endogenize this fraction, allowing for substitution between domestically and foreign
produced products.
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pn
dom,t

pn

whereas Cimt

where ¢ is the amount of consumption of a good type (p) provided by the domestic industry =

is the amount imported from abroad, i.e., it is provided by foreign industry n.%> Here,

p.n
Adom t and Alm t

of good (p).

represent the exogenous share of each domestic and foreign industry in the supply

We can now define nominal consumption (both for domestic and imported products) using price

indices for each domestic (py[*) and foreign (pm}') industry:

C;llogn t = Cdom ¢ * VL (equation 22a)
Cirrlnz,?t = Clmt * pmy (equation 22b)

We can now show the aggregate consumption across product types (p) and industries (n) (using
both real and nominal values). First, we aggregate consumption across industries and calculate total

nominal consumption for each product type (p):

Eanpt z Cdom ¢ (equation 23a)

Comil = z Cines (equation 23b)

C flz,;lpt represent fotal nominal consumption of product type (p) produced domestically (i.e., by all

producers collectively) whereas Clm . 1s the fotal nominal import of product type (p). We use the

same strategy to calculate fofal real consumption of product type (p) produced domestically Cgf)i',ft

as well as the total real import ¢, 1 -

9
tot,p __ np .
Caomt = z Caom,t (equation 24c)
n=1
9
tot,p __ np .
Cimt = z Cim.t (equation 24d)
n=1

25 A share of imported consumption cannot be associated with an industry whereas these are classified as unspecified
imports. We calculate unspecified imports as follows: Cmm ¢ /'lzlm ¢ lm .- A similar equation is used for the other

final demand components where some imports are also unspecified.
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Next, we do the aggregation across product types p both in terms of nominal and real quantities.

Since, we have 7 product types, we can express this set of equations as follows:

totn __ np .
Caomt = Z Caomt (equation 25a)
p=1
7
totn __ np .
Cimt = Z Cimt (equation 25b)
p=1
7
totn __ np .
Caomt = Z Caom,t (equation 25c¢)
p=1
7
totn __ np .
Cimt = z Cim.t (equation 25d)
p=1

In the above set of equations, C ;gfn"t denotes the fotal nominal consumption of all 7 products

produced by a domestic industry » whereas Cit,‘,’:;n is the total nominal imports of all 7 products

produced by a foreign industry n. The equations with notations in small letters represent real
quantities. As a final step, we can calculate total consumption for domestic and imported products

by taking the sum across industries (both nominal and real).

9
tot, .
Caome = Z Cdzn?t (equation 26a)
n=1
9
tot __ totn .
Cimt = Z Cimt (equation 26b)
n=1
9
tot _ tot,n .
Caom,: = Z Caom,t (equation 26c¢)
n=1
9
tot __ totn .
Cimt = Z Cimt (equation 26d)
n=1

26 It would have been equally correct to take the sum across product types.
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Where C, figfn ¢ represents fotal household consumption of goods produced by the domestic industry

whereas C t"tt represents the fotal household consumption of imported goods. The share of imported

goods in the Danish consumer basket is quite stable around 10 percent over the last decade.

To include taxes paid on final consumption we calculate exogenous tax rates based on the observed
data. All final demand components are taxed through both commodity and value added taxes

associated with each good type p:

cons, tot, .

Chraxe = rateg it « Coo (equation 27a)
cons, tot, .

Cll/?AT,t = ratey,r, L Cdompt (equation 27b)

The term Cj0,,, in equation 27a and 27b represents consumption of the households for each good
type p. Thus, C ftax’t is the commodity taxes and C} ar ¢ the value added taxes paid on the

consumption of each good type p. To calculate total commodity taxes and value added taxes on

consumption, we can take the sum across the good types in the consumption block as follows:

ctgch t — z Cctax t (equatlon 283)

Codre = z C&’AT " (equation 28b)

5.2.2. Investments

To estimate investment, we follow the approach of what is also known as the post-Kaleckian
Bhaduri and Marglin (1990) model. According to this approach, investment is defined as a function
of capacity utilization and profit share. The rate of capacity utilization is constructed as the ratio of
real GDP (y,) to the real stock of capital (kNFC). Profit share (ps;) is defined as the ratio of gross

operating surplus to GDP. The estimated equation gives us the following:

Aln(invf°t) = 1.8**Aln (y,f,}c) 0.09** In(inv®}) + 1.42*** ps,_;  (equation 29)
1

According to the estimates, aggregate investment, in the short run, is driven by the rate of capacity
utilization whereas in the long run, it is driven by the profit share. Note that our measure of total
investments includes both domestic and imported goods used in capital formation (but excludes

value-added taxes and commodity taxes for now).
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We then use investment shares (A}, ) to divide investment spending on the basis of industries,

supplying goods used in investments.
invl = AL, . * inv (equation 30a)

We can then divide investment in each industry into investment spending using domestic products
and imported products. We use an import share (¢;,,, ) calculated for each industry:
inviome = (1 — Pl ) * invl (equation 30b)
inv

it = (Phuw,e) * invl (equation 30¢)

To convert real investments into nominal, we use the corresponding price deflators for domestic and

foreign industries as follows:
INV(?om,t = invgom,t * pytn (equation 313)
INVy, ¢ = invj, . * pmg (equation 31b)

Lastly, we aggregate investment across industries for both nominal and real terms:

9

v . = Z NV ¢ (equation 32a)
n=1
9
v, = Z invi, . (equation 32b)
n=1

9

INVESE, = Z INVE . (equation 32c)
n=1
9

INVgf = Z INVi, ¢ (equation 32d)

n=1

We can finally use exogenously calculated tax rates, to calculate the commodity taxes and value

added taxes associated with domestically produced investment products.

INViEE . = ratelin,, * INVion . (equation 33a)
INV§G: . = rateii;;l];",t * INViom ¢ (equation 33b)
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5.2.3. Change in inventories

Changes in inventories are determined exogenously within the model. We choose to keep it

exogenous in real values. The following equations describe real inventories, including domestic and

tot

invent 2%, ; and import related invent}o’

im,t

9

Ainvent$t, . = Z Ainventf,, . (equation 34a)
n=1
9

Ainventipf, = Z Ainvent},, . (equation 34b)
n=1

Nominal inventories are partly endogenous in a sense that they are affected by (endogenous)

domestic producer prices (py{*). Inventories in nominal terms can be represented as follows:
AINVENTjy, ¢ = Ainvent,, . * Yyt (equation 35)
As aresult, the total change in inventories in nominal values are also calculated within the model:
9
AINVENTgS,, ; = Z AINVENT 3o ¢ (equation 36)

n=1

Finally, taxes pertaining to inventories are exogenous and are calculated within the model as
follows:

AINVENTSY, . = ratelfZent « AINVENTSSE, (equation 37a)
AINVENT{S, . = ratel5ert « AINVENTESE, . (equation 37b)

5.2.4. Government spending

Government spending, like changes in inventories, is also treated as exogenous in real values. Final

government consumption of imported (gov}y’,) and domestic goods (govds, ) in real terms are

computed as follows:

9

GOVGm e = Z 9OVgom ¢ (equation 38a)
n=1
9

govipl, = govi (equation 38b)
n=1
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Again, as domestic prices can change in the model, so can the nominal value of government

spending:
GOV;om,t = gov:ilom,t * pygl (equation 39)

We can then calculate the total government spending in nominal values as follows:

9
GOVt s = Z GOV} (equation 40)

n=1

Finally, the commodity and value added taxes pertaining to government consumption are computed

as follows:
GOVifixe = ratedy,  * GOVgoL, (equation 41a)
GOVVt%,t = Tate{gX;t * GOngfn,t (equation 41b)

For completeness, we have chosen to present equations related to the changes in inventories and
government spending, even though they are not necessary for running the model. It is important for
the reader to note that these two variables will only change in nominal terms and only for domestic

industries.

5.2.5. Exports

We determine the total exports for each of the nine industries using a variant of the Armington
model. Our exports in each industry are determined by price competitiveness and global demand.

We can express the exports equation in log-linear form as follows:

nx

xn
In <m_t> =ay + of *In(rer{®,) + adjy, (equation 42)
t

where m*is the global demand (or imports) for the type of goods produced by 7 type of industries
across the globe. For example, when estimating the exports for the agricultural sector, x* represents
exports of Danish agricultural industry whereas m}** represents the global demand for agricultural
products. Thus, the left-hand side of equation 42 represents the share of Danish exports to total
world imports within each specific industry. To calculate the share of Danish exports in the global
market, we use the BACI-dataset providing import and export values amongst countries in the

world at a product-level.?” o captures the export elasticities to movements in real exchange rate

27 As the BACl-dataset does not include products for all industries included by Denmark statistics, we use an average
export share for the whole Danish economy based on all products in the BACI-dataset.
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rer{*. Real exchange rate for each industry is a proxy for international competitiveness, defined as

follows:

Pyt
pm}

rerft = xr; (equation 43)

where py is the domestic price of industry n, pmp is the price of imports of industry n, both price
indices are calculated in Danish currency whereas we do not need to consider the nominal exchange
rate. To find the export elasticities (represented by '), we use estimates found by Kronborg,
Poulsen, and Kastrup (2020) who derive export elasticities using the BACI-dataset for the Danish
economy. As the BACI-dataset does not include exports for all industries, we use an average export
elasticity for the Danish economy in the mining and financial corporation industries. The vector of

the export elasticities pertaining to each industry is presented in the table below:?

Table 7: Export elasticities

Statistics

Industry Export elasticities
Agricultural -5.13
Foresrty -2.08
Fishery -5.76
Mining -1.90
Manufacturing food -5.20
Energy supply and refinaries -2.51
Energy intensive industries -5.03
Financial corp -1.90
Other industries -3.95

Note:
Own calculations based on data from Svarer et al. (2024)

The negative values of the parameter(s) ¢ imply that an increase (decrease) in the domestic price

in industry n will appreciate (depreciate) the real exchange rate, which in turn will lower (raise)

28 As we perform the aggregation to match the 9 industries in this paper, we use export within each industry to calculate
a weighted average.
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exports of industry 7.2’ We set the constant (af) to match the logarithmic value of the first
observation in the market share for each industry. Finally, we include an adjustment term (adjy ),
which captures the effects of variables other than the real exchange rate. As the price elasticities
presented by Kronborg, Poulsen, and Kastrup (2020) are based on micro data (with the goal of
finding a causal relationship between relative prices and exports), these estimates are found to be
theoretically intuitive, but poorly fitting the aggregate data. Leaving out the adjustment terms would
therefore create large discrepancies compared to the observed data which could be problematic in
the model simulations. An alternative approach is to obtain these elasticities using aggregate data.
This approach, however, did not work in our case, as the estimates (using aggregate data) were
found to be non-sensical due to small sample size. We believe it is crucial that the export elasticities
have realistic signs and magnitudes, therefore, we make a strategic decision of using theoretically

intuitive elasticities based on Danish micro data. After estimating the export share for each industry,

Xt

we multiply the market share (—) with the corresponding denominator (m*) to obtain exports of

nx
mg

each industry in levels (x1).

Once we have the total value of exports for each industry, we split this value into two categories, 1)
goods that are domestically produced and exported, and ii) goods that are first imported and then
exported by the domestic industry. We use exogenous shares (¢, and 1 — ¢ ,) based on the

observed data to split exports:
Xgome = (1 — @3e) * xf (equation 44a)
Xt = (¢;cl,t) * X' (equation 44b)

where xg,, ; represents goods that are domestically produced and exported, and x;, , represents

goods that are first imported by industry » and then simply exported.
We can use the corresponding price deflators to convert exports from real into nominal values:
Xiomt = Xdome * PYE (equation 45a)
Xt = Xp e * pmyg (equation 45b)

To compute total exports for the Danish economy, we simply sum each type of exports across the

industries as follows:

2 We use elasticities whereas an export elasticity of -5.13 for the agriculture industry implies that a 1% increase in the
real exchange rate for this industry lowers its export by 5.13%.
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9
Xiome = Z XGom.t (equation 46a)

n=1
9
xitr?lt,t = Z Xim ¢ (equation 46b)
n=1
9
Xaome = Z Xdom,t (equation 46c¢)
n=1
9
bt = Z Ximt (equation 46d)
n=1

where x52¢ . denote total (real) exports of goods that are domestically produced and xf,?lft denote

dom,t
exports of goods, which first enter the economy as imports.>® In the above set of equations, the

notations in capital letters represent nominal values.

Finally, we can calculate commodity and value added taxes associated with domestically produced

nominal exports:

tot — X tot :
KXetaxe = rateceaxs * Xdom, (equation 47a)
Xiore = ratefar, * Xiom, (equation 47b)

5.2.6. Imports

To model imports, we first estimate imports at an industrial level, followed by the estimation of
imports in the final demand block. We start by determining the fraction of imports used as inputs in
the industries. Recall that in equation 5d, we calculated total inputs using technical coefticients,
these inputs consisted of both domestic and imported inputs used in production (also see equation

5¢). To isolate the value of imported inputs, we use the share of imports (qb;'ft‘) in the total inputs

and multiply it with total inputs (z:™) as follows: 3!

Zime = Pzt ¥ 2t (equation 48a)

30 Note that an increase in exports as a result of real exchange rate depreciation will proportionately increase those
imports which are linked to exports.
31 Note that z{ ™ is the real value of equation 2a.
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Zgome = (1= @L7) * 2" (equation 48b)

where zii,,rl"t is the value of imported inputs and Zégm,t is the value of inputs produced domestically.

We can calculate these inputs in nominal terms by using the corresponding price deflators.
Ziirg,t = Ziir:Ll,t * pmi (equation 48c)
Ziome = Zagme * PYE (equation 48d)

From the 10 data, we know that a fraction of imported inputs cannot be categorized using the
Danish industry definitions - this is classified as unspecified imports. To determine unspecified
imports, we assume a linear relationship between unspecified imports and total production of the

domestic industry.

n — 4 n n .
Zuimt = Yuimt * prOddom,t (equation 49a)

where ¥, 18 the (exogenous) share of unspecified imports in total production. We can also

calculate the unspecified imports in nominal values as follows:
Zhimt = Zuimt * PMuim (equation 49b)

We now focus on endogenizing the share of imports d)é}l introduced in equation 48a-b. We assume
that the share of imported inputs for each industry is partly driven by the real exchange rate. To
determine import elasticities, we follow a simple strategy, known as the “rule of two” where the
import elasticity of an industry is assumed to be half the export elasticity.>? This approach is also
adopted by the GreenREFORM model (Kirk and Hansen 2023). The main argument is that
domestic residents, for a variety of reasons, have a preference for domestically produced goods
even if they tend to be more expensive. The functional form of this relationship can be represented

as follows:
In(pi®) = 5" + 7" In(rery) + adj}, (equation 50)

In the above equation, 5§ " is a constant taking the log of the starting value for the import share
(d)é',’tl), and ,[i'lzn represents the import elasticity (shown in table 8). We find that our computed

elasticities are theoretically intuitive and within a justifiable range, when compared with a recent

empirical study; Kastrup et al. (2023) use Danish industrial data to estimate import elasticities,

32 In general, the rule of two is found to have strong empirical support, e.g., Feenstra et al. (2018) show that the “rule of
two” cannot be rejected for almost 80% of all product types.
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finding the macro elasticity to be 1.84, whereas the implied macro elasticity in our case (using

weighted average of elasticities across the industries) is around 2.3

Finally, we have an exogenous determined adjustment term capturing other relevant effects than the

real exchange rate (ad j;}’t).34

Table 8: Import elasticities (Industry)

Statistics

Industry Import elasticities inputs
Agricultural 2.50
Foresrty 1.00
Fishery 2.50
Mining 0.95
Manufacturing food 2.50
Energy supply and refinaries 1.20
Energy intensive industries 2.50
Financial corp 0.90
Other industries 2.00

Note:
Own calculations based on data from Svarer et al. (2024)

We now focus on imports associated with the final demand block. Focusing on household
consumption, we first classify the consumer basket into domestic and imported goods. Since
households’ consumption basket consists of 7 types of goods, we carry out the classification for all

7 types. Recall the set of equations 20a-20b, where the proportion of good type (p) in the consumer

p

basket imported from abroad was given by: ¢;, ,

= (¢f,) * cf. Whereas the proportion of good
type (p) in the consumer basket domestically produced was given by: Cgom‘t = (1 — d)gt) *cP.

Thus by endogenizing ql)g +» we can model the substitution effects between household consumption

33 In general, these elasticities tend to vary a lot in the empirical literature. For example, Temere (2017) find that the
estimated elasticities using micro data for Denmark ranges between -1.14 and -32.65 with an overall mean of -6.15 and
a median of -4.45. Imbs and Mejean (2009) for the US data find elasticities across industries range from 3.1 to 28 with a
standard deviation of 4.9.

3% Like in the case of exports, the import elasticity is based on micro data estimations whereas the simulated import of
inputs for each industry will fit the observed data poorly if the adjustment term is not included. We do this to not
underestimate the import elasticities which is usually the case when using aggregate data (Kronborg, Poulsen, and
Kastrup (2020)).
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of domestic and foreign goods. To do so, we model ¢f, + as a function of the relative prices. We can

represent this relationship as follows:
In(pe,) = §" + B5" +In (rer)) (equation 51)

The parameter B5", estimated via OLS, captures the elasticity of substitution between domestic and
imported goods.* The estimates of the import elasticities associated with the 7 product types are

presented in table 9 where the highest elasticity is observed for Meat products.

Table 9 Import elasticities (Final consumption)

Statistics
Products Import elasticities final consumption
Bread products 3.11
Meat products 3.94
Fish products 1.06
Dairy products 3.34
Fruit and vegetables 1.32
Other food products 2.11
Industry specific products 0.89

MNote:

Own estimations based on data from Denmark Statistics

In equation 51, the real exchange rate rery’ is used as a proxy of competitiveness and is defined as
follows:
) PPCON 51 ¢ .
rery = Xryx————— (equation 52)
ppcon;,.

p
im,t

where ppconzom,t is the domestic price and ppcon;, . is the import price of each good type p.

Note that the definition of real exchange rate is different than the one presented in equation 43.

More specifically, when modelling imports for consumers, we re-define the real exchange rate on

14
dom,t

the basis of the good type in the consumer basket. The construction of ppcon and p'pconfm,t is

explained in appendix 8.4.

35 In contrast to equation 50 and 42 the import elasticities of final consumption presented in equation 51 are estimated
using OLS on aggregated consumption data. As a result, the fitted values will be able to match the observed data and we
do not include any adjustment term.
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We can now define total imports associated with each demand component by accounting for
unspecified imports. Total imports related to private consumption can be defined as the sum of

specified and unspecified imports as follows:

MG = Z Z szt Z wimt (equation 53a)

n=1p=

Where Y _4 Z;zl anp captures the total value of imports in the consumption matrix by summing
imports across the types of good p (represented by the column of the matrix) as well as across the
type of industries (represented by the rows of the consumption matrix). Moreover, with each type of
good, we also have unspecified imports, therefore we also include the sum of unspecified imports
across the good types (since unspecified imports has nothing to do with industries and only varies

across the goods type, we therefore take the sum across the good type p in this case).

By modeling the substitution between domestic and foreign goods for domestic industry and
household consumption, we have modelled a large part of imports. The imports associated with the
purpose of exports are partly endogenous in a sense that they increase proportionately with exports
as explained in section 5.2.5. The remaining imports tied to spending on investment, inventories,
and public consumption - which collectively constitute a small fraction - are not directly affected by
the real exchange rate. Using the same approach, we can compute total imports associated with the

remaining components of final demand. This can be expressed as follows:

Mt = Z INV, o+ INVyim e (equation 53b)
MRt onie = Z AINVENT}, . + AINVENT ;5 ¢ (equation 53c)
Mg, = Z GOV} 4+ GOV (equation 53d)
n=1
Mot = Z Xme+ Xuime (equation 53e)
n=1

In the above set of equations, we have two components in each equation. The first component (e.g.,
Ya—1 GOV ) shows the sum of imported goods from 9 foreign industries. The second component in

each of equation denotes unspecified imports associated with each final demand component. The
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last equation should be interpreted with caution; it represents the value of imports in the export

block, representing goods, which first enter the economy as imports, but are later exported.>®

Finally, both industries and final consumers pay import duties as they purchase foreign goods. We
model the import duties using exogenous time-varying tax rates. For the 9 industries import duties

are determined as follows: 37

gnd,t :;liietn (Z (Zl " t) + ulm t) (equation 54‘3)

And for the final demand components:

duty __ asratec tot .

M onst = Mayey e * Mc, (equation 54b)
duty _ g rateg tot :

Myove = Maueye * Mcov e (equation 54c)
duty _ perateinv _ prtot )

Minv,t - Mduty,t MINVt (equatlon 54d)
duty _ Mrate,invent % Mtot ti 54
invent,t — duty,t invent,t (equation 54e)

duty _ ,,ratex tot ]
Myt = Myyeyr * Mxy (equation 54f)

The modelling of imports related to domestic final consumption and industry production implies
that an increase in domestic income of households will increase imports via two channels, 1) the
direct channel, according to which, an increase in household income will induce consumption of
imported goods, and ii) the indirect channel, according to which, an increase in households income
will increase the demand for domestic goods, which in turn, will increase the imports of

intermediate goods used in production of domestic goods.

5.2.7. Aggregating final demand

We now add some of the remaining elements to demand components to compute what we call the
“aggregate” values, which are aggregate spending that matches the data published in the national

accounts. These aggregate values are also used in our transaction flow matrix.

36 These re-exported imports usually never cross the Danish boarder.
37 As industry level data for import duties are not available before year 2005, we use the total level of import duties and
divide it out on industry level using fixed shares calculated using industry level data for year 2005.
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To compute aggregate values, the spending on each aggregate demand component (excl. imports for
now) equals the sum of consumption of domestic goods, consumption of imported goods, import

duties, commodity taxes, and value added taxes as presented by the set of equations 55a-55e:

CE99 = Cligime + MEY + Migae + Clfihee + Clry (equation 55a)

GOV 99 = GOVst, . + MES, . + M;;jf,{ + GOVESL, . + GOVSgk., (equation 55b)

INV99 = INVESL, . + MIGL . + M{jﬁj{ + INVEE  + INVSGE (equation 55c¢)
AINVENT;99 = AINVENTS0,, ; + Mi3henr e + Moo . + AINVENTESE,

+ AINVENTy9% (equation 55d)

X£99 = X5, o + MEE + ME™ + X5t + X80 (equation 55€)

In the above set of equations, if we take aggregate consumption as an example, ngfn,t denotes total
consumption of households for domestic products (see equation 26¢), M&% denotes total specified

and unspecified imports purchased by households (see equation 54b), M duty

cons,t are the import duties

paid by households (see equation 54b), CE2L, . and C}95 ; are the total commodity taxes and total

value added taxes paid by households, respectively (see equation 28b and 28b).

Finally, we can calculate aggregate imports by adding the relevant components as follows:

9 7 9
agg __ np n tot tot tot tot tot .
M= = Z Z Zime T Z Ziime + My + Minyvente + Mgove + Miyy e + My (equation 55f)

n=1p=1 n=1

where Y7, Z?zl Z l‘n’llt is the sum of specified imported goods used in domestic production, and
Z?zl Z,jim ¢ is unspecified imports used in production. The remaining elements of the equation
denoted by ME%, ME%, o Migy o Migyent,» and M5SF are the total imports associated with each of

the final demand component as explained in equation 54a-54e.
We can write the GDP identity as follows:

Y, = /99 + GOV, ™99 + INV99 + AINVENT? + x99 — M99 (equation 56)
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This completes the description of the supply and demand of goods in the economy.*® We now move
on to discussing the stock-flow-consistent block of the model, where we discuss financing decisions

and budget constraints, and ensure the model has no leakages.

5.3. Stock-Flow-Consistency

In this section, we discuss the economy from a sectoral perspective, following the sectoral
classification presented in the Transaction-Flow Matrix in Table 4. While discussing the financial
aspects of each sector, we will outline the key steps and assumptions used in the process to ensure
that the model achieves both vertical and horizontal consistency (Nikiforos and Zezza 2017),
making it a stock-flow-consistent model. Until now, the economy has been disaggregated at an
industrial level, but as we make the model Stock-Flow-Consistent, we will need to use a sectoral
disaggregation of the national accounts.* As discussed earlier, industries are connected to the
corresponding sectors when the gross operating surplus and mixed income in the TFM are
described. In appendix 8.2, we provide an extended discussion on how the gross operating surplus
and mixed income is transformed from an industry to sectoral level. We will now discuss the main

characteristics of each institutional sector.

5.3.1. Non-Financial Corporations

We start by describing the gross operating surplus received by the NFC sector. To isolate the gross
operating surplus received by the NFC sector, we distribute the industry level gross operating
surplus (PROFIT]) to the sectoral level (B27) using industry specific shares, based on the industry
by sector matrix for GVA (described in appendix 8.2):

9
B2F¢ = Z PROFIT * S}?Egﬁt’n + adjf¢ (equation 57a)
n=1
9
B2H = Z PROFIT] * S};,rtof‘t'n + adji! (equation 57b)
n=1
9
B2¢ = Z PROFIT} = Sg,rtom‘n + adj$ (equation 57¢)
n=1

38 After calculating the aggregate variables in nominal values, we can use price indices taking the form of equation 21,
to calculate ¢%?, gov/??, inv;9Y, invent;??, x?, and y;.
39 We make the transition from the industry to sectoral level as most variables required for making the model Stock-

Flow-Consistent are only available at a sectoral level.
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Equation 57a-57c¢ is a weighted sum of the industry level profits where PROFIT/* is the profit for

each industry n multiplied by a share depending on the industries weight in a specific sector s

(S g Zof it’"). We include an adjustment term for each sector to ensure a consistent transition from
industry to sectoral level in which we match the observed data for both industry and sectoral gross
operating surplus. The adjustment terms are necessary as the matrix of industry by sector is only

available for 2016 and does not represent weights below 0.05 percent.*

In the above set of equations, we did not include profits for the non-financial corporations, which
will be calculated as a residual. Note that the shares for each industry n sums to one (Sgc + S, +

Sg,t + SﬁFC,t =1).

B2NFC = p2799 — (B2# + B2FC + B26) (equation 57d)
Aggregate B2;99 is calculated as the sum of profits at the industry level.
9
B2/99 = z PROFIT} (equation 57e)
n=1

The transition from industry to sectoral level also needs to be performed for investments. Here, we
follow a simple approach; total investment spending calculated from the industry level are split into

sector specific investments using sector specific shares:*!

IF€ = INV99 « Sit, (equation 58a)
I = INV99 « S (equation 58b)
If = INV99 « S (equation 58c¢)

The investment of non-financial corporations (NFC) is then treated as a residual:
INFC =199 — (I1H + 1FC +19) (equation 58d)

Note that the investment data reported in the 1O table represents production of investment goods by
an industry, representing an inflow (the aggregate of which by definition equals domestic
investment expenditures). Whereas the investments calculated in the set of equations 58a-58d are

the investments expenditures by each sector, representing sectoral outflow.

40 For more information see appendix 8.2.
41 A similar approach is used for changes in inventories.
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We can now calculate the net income received by the non-financial corporation sector as follows:

YNFC =Y, — (B2{%9 — B2YFC) — (NTaxypoa, + OPTLOY) — WNFC + NINTNFC + NDIVNFC +
NOIRNFC + NREFDINFC + OCTNFC (equation 59a)

In the above equation, we can see that aggregate spending (forming GDP) is an inflow for the NFC,
which is then adjusted for payments of production taxes (NTaxpyroq,c + OPT}°") and the
distribution of profits (i.e., the difference between aggregate profits and NFC profits equals the
collective profits of other sectors as shown in 57d). We also subtract wage payments (W{'F¢) which
is the sum of wages paid to each industry (see equation 72a). We then add net income received on
various financial assets taking the form of interest income on interest bearing assets (NINTNFC),

dividends (NDIVNFC), income on other investments (NOIRN?C), and retained earnings on FDI

(NREFDINFC). Finally, we also account for net other current transfers received (OCTNF¢).

We can now calculate the disposable income of the non-financial corporations (Y DNF¢) by

subtracting income taxes paid by the non-financial corporations (ITAXNF¢) as follows:

YDNFC = yNFC — ITAXNFC (equation 59b)

Following the definition in the national accounts, the savings equation of non-financial firms (SNF¢)

is represented as follows:
SNFC = ypNFC (equation 60)

NFC sector spends a part of its savings on investment (INF¢), covering changes in inventories,
acquisition and disposals of non-produced non-financial assets*? (NPN¥¢), and other capital
transfers (CTNFC). Therefore, we can subtract these flows from savings, and calculate net balance

(or sectoral balance):
NINFC = gNFC _ INFC _ AINVENTNFC — NPNFC — CTNFC (equation 61)

A positive (negative) net balance, reflecting a surplus (deficit), implies that the sector is spending
less (more) than its income. We now focus on the vertical consistency of the TFM, for which we
need to describe how the resultant surplus is spent or, in the case of a deficit, how it is financed.
This requires specifying the financial aspects of the sector which includes the accumulation of

financial assets.

42 Non-produced non-financial assets refer to assets that have not been produced but have economic value and can be
owned or exchanged. These assets include natural resources, contracts, licenses, etc., as well as other intangible assets.
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As we specify how net lending (whether positive or negative) affects the accumulation of financial
assets, we also describe the steps and assumptions used to ensure that sectoral balance (or net
lending in equation 61) equates financial balance. In other words, we specify how net lending
(whether positive or negative) affects the accumulation of financial assets. We start by defining the

financial net lending (or financial balance) as follows:

FNLYFC = NDEPONFC + NSECNEE + NLOANEE + NEQNEE + NINSUNEE + NDERVAEC
+ NTCREDJEE (equation 62)

where FNLYFC¢ denotes the financial balance, which is equal to the sum of (net) transactions
associated with gold (gold is only relevant for the financial corporations and ROW), deposits
(NDEPOJE), securities (NSE CHHS), loans (NLOAYSF), equities (NEQN), insurance/tech.
reserves (NINSUJ'E), financial derivatives (NDERVJES), and trade credits (NTCREDES). Note
that the net transaction linked to each financial stock is computed as the transaction related to the
accumulation of a financial asset (which is an outflow for purchasing a financial asset) minus the

transaction related to the liability of that asset (which is an inflow representing sources of funding).

To provide an overview of the balance sheet, we can calculate the financial net wealth (FNW/NFC)

as follows:

FNWNFC = NDEPONFC + NSECNFC + NLOAYNFC + NEQNFC + NINSUNFC + NDERVNFC
+ NTCRED}NFC (equation 63)

Financial net wealth is the sum of net deposits (NDEPONFC), securities (NSECNFC), loans
(NLOANFC), equities (NEQNFC), insurance/tech. reserves (NINSUNFC), financial derivatives
(NDERVNFC), and trade credits (NTCREDNF®). Note that notations used for net financial stocks are

distinguished from net financial transactions as the former include “tr” in the subscript.

At this point, one can proceed to modelling each financial stock included in equation 63. If there are
k number of financial stocks, one approach is to model a maximum of -7 stocks and treat the last
financial asset as a residual. For simplification, we choose to only model net loans (or business
credit) of firms while treating other financial stocks as exogenous. The functional form of the

equation determining the demand for loans is represented as follows:

NLOAYNFC [ INEE e oA _
—KtNFC = 0.26"" 4+ 0.28 W — 211" (equation 64)
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NFC
equation 64 states that loan to capital ratio depends positively on investment to savings ratio (SEVFC)

and negatively on interest rate. The intuition is that investment in excess of savings, is partly
financed through loans. Moreover, an increase in the cost of borrowing (represented by interest rate

on loans) will lower the demand for loans.

After endogenizing the stock of loans, we can use the change in stock of loans to determine loan

transactions using the accounting identity expressed as follows:
NLOAY'E = ANLOAYFC — NLOANEE (equation 65)

where NLOAY]¢ represents the stock revaluations (treated as exogenous), ANLOAYC the change in

the stock of loans, and NLOAYE is the transaction of loans.

While treating other financial stocks as exogenous, we can describe the accounting identities to
show their evolution over time. This is done by adding the net transactions and net re-evaluations to

the last years stock of the net financial asset:

NSECNFC = NSECNEE + NSECHEC + NSECNFE (equation 66)
NINSUNFC = NINSUNEE + NINSUJNRE + NINSUNTE (equation 67)
NDERV{NF¢ = NDERV{N¢ + NDERVYEC + NDERVYEC (equation 68)

NTCRED}*¢ = NTCRED}f + NTCREDJYSE + NTCREDNSE (equation 69)

where NSEC represents net stock of securities, NINSU represents net stock of insurance and
pensions, NDERV represents the net stock of derivatives, and NTCRED represents the net stock of
trade credits. Note that notations for transactions and revaluations pertaining to each of the financial
stock are distinguished by using subscripts # and rv, respectively. In the above set of equations, for
each financial stock, we can see that when current transactions and revaluations are added to the
past value of a financial stock, we get the present value of the financial stock. In other words,
changes in the value of a financial stock can occur for only two reasons, i.e., new transactions and

revaluations.

We are now left with two financial stocks namely equities and deposits. Regarding equities, we
assume that the stock market is demand-driven in a sense that new equities issued by non-financial
corporations equal the demand for equities from other sectors. This relationship is captured in

equation 70a as follows:
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NEQNFE = —(NEQES, + NEQH, + NEQE. .+ NEQROY (equation 70a)

where the transactions pertaining to the supply of equities by NFC is denoted by NEQN5¢, which is

equal to the collective demand for equities by other sectors, given by the sum of the transactions of
equities by households (NE Q{.,), financial corporations (NE Qf%), government (NE Q. ), and rest
of the world (NEQR%"). This implies that the net stock of equities (representing a liability) for NFC

equals the sum of the net stock of equities (representing assets) of other sectors:

NEQ{FC = NEQMf + NEQNTE + NEQNE (equation 70b)

To ensure that sectoral balance (or net lending in equation 61) equates financial balance in equation
62, we treat one financial stock, namely deposits, as residuals, which in this case should be defined

as follows:

NDEPOXE = NLYFC + NLY;S, — (NSECHRE + NLOARTE + NINSUR'E + NDERVEYEC
+ NTCREDJRE + NEQUFE (equation 71a)

Note that we include an extra adjustment term N L’Zﬁf’t to account for the small discrepancy between

financial net lending (FNLYFC) and net lending (NLYFC) present in the published data. Like other
financial stocks, we treat stock revaluations of deposits as exogenous, and can show that the stock

of deposits evolves according to equation 71b:
NDEPOY*¢ = NDEPOYF + NDEPONEE + NDEPONFE (equation 71b)

This completes the description of how the balance sheet of NFC sector is related to the real side of
the economy. While holding the rest of the financial stocks exogenous, we have modeled two main
sources of funds: issuing equities and securing loans. We now proceed to discussing the income and

financial aspects of the household sector.

5.3.2. Households

We start by describing the computation of income for the household sector. The major source of
household income takes the form of labour income share (wages), paid by the NFC. First, we define
the total amount of wages paid by the NFC sector as the sum of all wages paid by the nine

industries:

9
WNFC = z wn (equation 72a)
n=1
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We know that a small fraction of workers employed by the NFC sector is foreign labour. Therefore,
we can subtract wages paid to non-residents from the total wages in equation 66a, the resultant of

which will give us wages paid to domestic households. This calculation is carried out in equation

66b below:
WH = WNFC — wRow (equation 72b)

Where W/ represents wages received by the household sector and WR°W denotes wages paid to

foreign labour.
We can now calculate the net income received by households (Y;?) as follows:

v} = B2l + WH + NINTH + NDIVH + NOIRY + NREFDI! — SCON!, + SBENY,
+ OCTH (equation 73a)

Households income consists of various income types: gross operating surplus received by
households is denoted by (B2!), wages are denoted by (W), net income received on financial

stocks (NINT{, NDIVH, NOIR{', NREFDI{"), social benefits received (SBEN},), and net other

current transfers (OCT#') and finally we deduct social contributions paid (SC ONgt).

By subtracting income taxes from net income received by households (Y{?), we can calculate the

disposable income for households:
YDE =YH — ITAXEH (equation 73b)

We can now calculate household savings by subtracting aggregate private consumption (C,;9?) and

adjusting for pension savings (PEN," 4 ), which is a part of household savings (S{7), but are not

accessible for consumption as they are placed in pension funds.
SH = yDH — 99 + PENY (equation 74)
We can then calculate the net lending (or sectoral balance) for the household sector:
NI =SH — [H — AINVENTH — NPf — CTH (equation 75)

where I denotes household investment, NP denotes transactions pertaining to the acquisition and
disposal of non-produced non-financial assets (such as natural resources, contracts, licences, etc.),

and CT/#' denotes other capital transfers.
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We now focus on modeling the financial side of households, where we roughly follow the same

approach as for non-financial corporations. First, we define the equation for financial balance:

FNLY = NDEPOY,, + NSECl,, + NLOAY,, + NEQF,, + NINSU!,, + NDERV/,
+ NTCREDf,, (equation 76)

where FNLY is the net lending, determined by net transactions pertaining to various financial assets.
NDEP OEW denotes transaction related to deposits, NSE Ct’?tr denotes transactions related to
securities, NLOA#, . represents loan transactions, NINS Ut’?tr denotes transactions related to
insurance and pensions, NDE RVt’ftr denotes transactions related to derivates, and NTCREDE,,

denotes transactions related to trade credits.
We now define the financial net wealth of the households as follows:

FNW} = NDEPO! + NSECH + NLOAY + NEQY + NINSU! + NDERV
+ NTCRED} (equation 77)

FNW/ is the financial net wealth, determined by the net value of the financial stocks on the

balance sheet of households.

For the household sector, we endogenies two financial stocks, which constitute a significant portion
of the balance sheet. On the asset side, we model equities endogenously, whereas on the liability
side, we model loans endogenously. To model equities, we first define a variable, equity to wealth

ratio, representing the share of net equities to total financial wealth in the previous period.

NEQF — NEQH
i Qr”) (equation 78a)

EQ'II:Iatl'O,t = < FNWH
t—-1

Following the intuition of Tobins portfolio theory, which has now become a well-integrated part of
the stock-flow consistent models, we assume that the share of equity in the financial wealth of
households partly depends on the rate of return associated with equities.* The specific functional

form of the estimated equation is represented as follows:

43 Here we use a different rate of return compared to the dividend rate calculate in appendix 8.3. The rate used in
equation 78b only focus on the household sector and furthermore includes the re-evaluations. For equities, the re-
evaluations seem to be an important aspect in determining demand, whereas we include this in the rate of return.
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(NDIVH, + NEQH,._,)
NEQ!,

AEQfatz‘o,t = 0-33*AEQfatio,t—1 + 0.060A - 0-18EQfatio,t—1

(NDIVE, + NEQE,, )

+ 0.10*
NEQ{,

(equation 78b)

The estimates imply that an increase in the return on equity will increase the share of equities in the
wealth formulation. This is found to be the case both in the short-run and long-run. The intercept
(0.063) can be interpreted as capturing the share of equities in wealth that is not dependent on the
rate of return associated with equities. We can use the estimated share in equation 78b to calculate

net equities held by the household as follows:
NEQf = EQio: * FNW, + NEQE,, (equation 78c)

The estimated stock value in equation 78c is then used to determine the transactions for equities

(while treating the revaluations of equities as exogenous):
NEQH , = ANEQH — NEQZE,, (equation 78d)

To endogenies household loans, we first define the ratio of loans to disposable income.**

NLOAH _
(equation 79a)

L0A7I:Iatio,t = <_ YDH
t

We assume this ratio is positively influenced by investment and negatively influenced by the cost of
the loan, represented by the interest rate on the loan. The estimated functional form of this

relationship is given by equation 79b:

IH
LOA.,I-IatiO,t S 0-91***L0Aratio,t—1 + 2.28*** (ﬁ) - 0.3 1T'tL0A - 0'37***D2016 (equatlon 79b)
t

We can use the estimated share from equation 79b to calculate the stock of loans held by the

household sector as follows:

NLOAY = —LOAL ..., « YD} (equation 79c¢)

ratio,t

The stock value in equation 79c is then used to determine the transactions for loans (while treating

the revaluations of loans as exogenous):

NLOAL . = ANLOAY — NLOAE,, (equation 79d)

44 We multiply the ratio by -1 as households only have loans as liabilities, whereas the net loans are negative.
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To ensure that sectoral balance of the household sector equates its financial balance, we again treat

deposits, as residuals, which in this case should be defined as follows:

NDEPO!., = NIY + NI, . — (NSECH., + NLOAIL . + NINSUfL., + NDERV{, + NTCRED{,
+ NEQH ) (equation 80a)

Here, again, we include an adjustment term NLY, ;¢ to capture discrepancies between net lending

and financial balance in the published statistics.

The transaction data on deposits can be used to determine the stock of deposits for the households

(NDEPOF) while treating revaluations as exogenous:
NDEPOf = NDEPO{.; + NDEPO{., + NDEPOL,, (equation 80b)

The remaining financial assets on the balance sheet of the households are exogenously determined;

these financial stocks evolve as follows:

NSECH = NSECH., + NSEC[L, + NSECE,, (equation 81)
NINSUf' = NINSUE., + NINSUE. . + NINSU/, , (equation 82)
NDERV# = NDERV{, + NDERVH, + NDERVH, (equation 83)

NTCRED{ = NTCRED , + NTCRED{., + NTCRED,, (equation 84)

The identities in the above set of equations have the same intuition as discussed earlier in the case
of NFC. That is, when current transactions and revaluations are added to the past value of a

financial stock, we get the present value of the financial stock.

This completes the description of the factors influencing households balance sheet in our model. To
sum-up, for the household sector, we have modeled two financial stocks namely equities (assets)
and loans (liabilities); both collectively constitute a substantial portion of the households balance

sheet. In the next, we discuss the role of financial corporations.
5.3.3. Financial corporations

We first define the income of financial corporations. Using the definition of net income presented in
section 4.2.1 and appendix 8.3 we can calculate the income received by the financial sector (Y{¢)

using the following identity:
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YF¢ = B2f¢ + NINTfC 4+ NDIV}C + NOIRf® + NREFDIf¢ + SCONf{ — SBEN; ¢
+ OCTF¢ (equation 85a)

The income consists of various flows: gross operating surplus (B2£¢), net income on financial

assets (NINTFC, NDIVFC, NOIR{C, NREFDIFC), social contributions received (SCONEY), and net
other current transfers (OCTF©). Finally, we subtract social benefits paid (SBE N}; ¢) to compute net

income.
By subtracting taxes from net income, we can compute disposable income as follows:
YDf¢ = YFC¢ —ITAX}C (equation 85b)

We can now calculate the savings of the financial corporations, which requires adjusting net
disposable income for flows pertaining to pensions. The saving identity of the financial corporations

can be presented as follows:
SFC = YDF¢ — PENY (equation 86)

Note that the pension deductions from the income of financial corporations are, in turn, received by

the households (PEN," 4j ), as was shown in the savings equation for the household sector (see

equation 74).
We can calculate the net lending of the financial corporations using the same set-up as before:

NILEC = §FC — [FC — AINVENTFC — NPFC¢ — CTFC (equation 87)
Focusing on the financial aspects of the sector, we can calculate the financial net lending as follows:

FNLEC = NGOLD[S. + NDEPOES, + NSECES, + NLOALS, + NEQES, + NINSULS. + NDERVES.
+ NTCREDf, (equation 88)

where FNLEC is the financial balance which, by definition, is equal to the sum of net transactions
associated with each financial stock. The only additional transaction is related to the acquisition or

sale of gold denoted by NGOLD{,.

We can now define the net financial wealth (representing the net value of the financial balance

sheet) of the financial sector as follows:

FNWF¢ = NGOLDF¢ + NDEPOf€ + NSECF¢ + NLOALC + NEQFC + NINSUFC + NDERVFC
+ NTCREDf¢ (equation 89)
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We assume that financial corporations clear the market for deposits, loans, insurance, and

derivatives. Thus, we can write:

NDEPOfS, = —(NDEPONFE + NDEPO!, + NDEPOS., + NDEPORIW) (equation 90)
NLOALS, = —(NLOANFE + NLOAE. . + NLOAS. . + NLOAROY (equation 91)
NINSUFS, = —(NINSUNFS + NINSUE., + NINSUE. .+ NINSUR9Y)  (equation 92)
NDERVES = —(NDERVNEC + NDERVE, + NDERVS, + NDERVEWW (equation 93)

Using the transactions in the above set of equations, we can determine the value of each financial

stock as follows:

NDEPO{¢ = NDEPO{¢, + NDEPO{E, + NDEPOfE, (equation 94)
NLOAL® = NLOAfS, + NLOAEE, + NLOALS, (equation 95)
NINSUf€ = NINSUfS, + NINSUES, + NINSUfS, (equation 96)
NDERVF® = NDERVES + NDERVES + NDERVSS, (equation 97)

To ensure consistency between sectoral balance (equation 87) and financial balance (equation 88),

we model net transactions of securities as a residual:

NSECLS = NLEC + NLad] : — (NGOLD{t, + NDEPOfS, + NLOALE, + NINSUES, + NDIRES,
+ NCRED[f, + NEQLS, (equation 98)

Using the transactions of securities in equation 98, we can define the evolution of net stock of

securities over time as follows:
NSECEC = NSECfS, + NSECES, + NSECES, (equation 99)

We are now left with two financial stocks on the balance sheets of financial corporations, gold
reserves and the net stock of trade credits. These two financial stocks are assumed to be fully

exogenous and are given by the following equations:

NGOLD{¢ = NGOLDf, + NGOLD[, + NGOLDf, (equation 100)

NTCREDfC = NTCREDES, + NTCREDES, + NTCRED[E, (equation 101)
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This concludes the factors in the balance sheet of the financial corporations. To sum-up, the main
role of this sector is to clear the market for deposits, loans, insurance, and derivatives in the model.

In the following, we describe the income and financial aspects of the government sector.

5.3.4. Government

The main income received by the government sector is taxes, this includes commodity taxes, value
added taxes, other production taxes, and import duties paid by each industry. To calculate the total
taxes paid to the government, we take the sum of different taxes across industries and the final

demand components.

9
CTfot = Z CTE + CELet + GOViygny + INVEE, , + INVENTSE , + X2, (equation 102a)

n=1

9
VATE! = Z VAT + Ci%% ¢ + GOVESE . + INVESS . + INVENTSSS - + X{% . (equation 102b)
n=1

9
OPT/°t = Z OTPly ¢ (equation 102c¢)

n=1
9
Mé?fty,t = Z MZiluty,t + Mguty,t + Mg%,t + McIiﬁIt/y,t + M()i(uty,t (equation 102d)
n=1

As a result, we have total commodity taxes (CTf°Y), total value added taxes (VATY), total other

production taxes (OPT{°Y), and total import duties (Mfi?fty't) received by the government.

We can add commodity taxes, value added taxes, and import taxes to calculate the net production

taxes received by the government sector (NTAXP™°%).
NTAXP™% = CTEO + VAT + MEL,, . (equation 103a)

As the import duties received by the government should be re-distributed to the rest of the world,

these are included in the import taxes paid (IMTAX,, ;). The import taxes consist of both the total

import duties (Mé%iy,t) but also other import taxes paid (OIMTAX, ;), the latter being exogenous.

IMTAX,, = M%'., . + OIMTAX, (equation 103b)

Finally, we can calculate the net import taxes received by Denmark (NIMT ax;) by subtracting

import taxes paid (IMTAX,, ;) from the imported taxes received (IMTAX;.) which is also exogenous.
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NIMTax; = IMTAX, — IMTAX,, (equation 103c)

Thereby, changes in the net income taxes received by the Danish government sector (NIMTax;) is

only affected by changes in the import duties (M55, ;).

Apart from production taxes, the government also receives income taxes. We calculate the income

taxes using a tax rate obtained via simple OLS regression:

ITAXP =036 «xYH (equation 104a)
ITAXNFC = 0.12 « YNFC (equation 104b)
ITAXFC = 0.08 * Yf¢ (equation 104c)

We can then model the income taxes received by the government sector as follows:
ITAX{° = ITAXH + ITAXNFC + ITAXFC + NITAXROW (equation 105)

We can now define the disposable income for the government sector as follows:

YDEOV = B26OV + NTAXP™°% + OPTF™® + NIMTax, + ITAXF®"" + NINTEV + NDIVEOY
+ NOIREV + NREFDIEV + SCONS?Y — SBENS?Y + 0CTEV (equation 106)

The government sector income consists of the following flows: gross operating surplus (B25°V)*,
net tax income (NTAXP"°? + OPTP"*? + NIMTax, + ITAXE"), net income on financial assets
(NINTE®Y + NDIVECY + NOIRFCV + NREFDIFO"), social contributions received (SCONE,), and

social benefits paid (SCON;,), and finally, net other current transfers received (OCT{©).

We define public savings as the difference between disposable income and the government

consumption:
SEOV = yDEO — G199 (equation 107)
We calculate the net lending for the government sector using the same method as for other sectors:
NL¢ = SEOV — IOV — AINVENTEOV — NPEOV — CTEOV (equation 108)

We now reach the financial side, where we include the financial transactions to model financial net

lending (FNL¢OY).

% In the national accounts, gross operating surplus is equal to the depreciation of the capital stock for the government.
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FNLE®” = NDEPOZYY + NSECESY + NLOAFYY + NEQESY + NINSUESY + NDERVESY
+ NTCREDEDY (equation 109)

We can now define the net financial wealth (representing the net value of the financial balance

sheet) of the government sector:

FNW£EOV = NDEPOFOV + NSECEPY + NLOASPY + NEQEOV + NINSUEOV + NDERVEOY
+ NTCREDEOV (equation 110)

To ensure consistency between financial net lending and net lending, we model net transactions of

securities as a residual in the model:

NSEC{.. = NLf + NL34; . — (NGOLDE,, + NDEPOf.. + NLOAf, . + NINSUS. . + NDIRE,.,
+ NCREDf.; + NEQS.,) (equation 111a)

The net stock of securities for the government sector is defined as follows:
NSECf = NSEC{ , + NSECS., + NSECS, , (equation 111b)

The remaining financial assets for the government sector are assumed to be exogenous:

NDEPOf = NDEPOf_, + NDEPOg., + NDEPOY,, (equation 112)
NLOA{ = NLOAY_; + NLOA{.. + NLOAE,, (equation 113)

NEQf = NEQf_, + NEQS.. + NEQE,, (equation 114)

NINSU§ = NINSUE | + NINSUg.; + NINSUE, , (equation 115)
NDERVE = NDERVE | + NDERVS. . + NDERVS,, (equation 116)
NGOLDf = NGOLD{ , + NGOLD§, . + NGOLDS, , (equation 117)
NCREDf = NCRED{_; + NCREDf. . + NCRED,, (equation 118)

A government surplus (deficit) will lower (increase) the number of securities issued by the
government sector. We now proceed to explaining the rest of the world, which is the last

institutional sector of the model.
5.3.5. Rest of the world

The main income flows received by the rest of the world (Y DF°Y) consists of the net imports of

Denmark (M£°t — X1, net wages (W,R°"), income and import taxes (NIMTax, + NITAXROW),
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net financial income (NINTROY + NDIVROW + NOIRRW + NREFDIROY), net social
contributions and benefits (NSCONSPY — NSBENS?™), and finally net other current transfers

(OCTROW). The disposable income from the perspective of the rest of the world can be defined as
follows:
YDFOW = mfot — xtot + WROW — (NIMTax, + NITAXF°") + NINTROW + NDIVROW

+ NOIRF™ 4+ NREFDIF®Y + NSCONEPW — NSBENJ?Y

+ OCTFOW (equation 119)
Net lending for the rest of the world (NLROW), follows the same set-up used for other sectors.

NLROW = ypROW _ cTROW _ ypROW (equation 120)

For the financial side of the sector, we can start by calculating financial net lending (FNLEW),

accounting for the net financial transactions:
FNLF" = NGOLDESW + NDEPOEFSY + NSECESY + NLOARZY + NEQFGY + NINSUEGY
+ NDERVEOW + NTCREDELW (equation 121)

Next, we define net financial wealth of the rest of the world, determined by the net stocks of assets

held by the rest of the world:

FNWROW = NGOLDEOY + NDEPOROY + NSECROY + NLOAROW + NEQFOW + NINSUROW
+ NDERVROW 4+ NTCREDFOW (equation 122)

In the model structure, consistency for securities and trade credits is achieved by assigning a passive

role to transactions pertaining to the rest of the world as follows:*¢
NSECEYY = —(NSECt FC+ NSECH,+ NSECS. .+ NSECLS (equation 123a)

NSECEOY = NSECRYW + NSECESGY + NSECE?Y (equation 123b)

NTCREDEOY = —(NTCREDt P+ NTCRED{.,+ NTCREDS,
+ NTCREDES, (equation 123c¢)

46 As we have already defined all other net transactions of all financial assets, securities issued by the rest of the world
closes the budget constraint of financial corporations. To not overidentify the model, we exclude the equation ensuring
consistency in the security market.
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NTCREDf®Y = NTCREDE®” + NTCREDE%Y + NTCREDESY (equation 123d)

To fulfil vertical consistency for the rest of the world, we model the transactions in net deposits as

follows:

NDEPOS?Y = NLEOW + NLY3!, — (NGOLD{Z™ + NDEPOERY + NLOAEYY + NINSURSY
+ NDIRE%Y + NCREDEY
+ NEQEM) (equation 123e)

NDEPOfW = NDEPOE°Y + NDEPOR%” + NDEPOEOY (equation 123f)

Finally, the rest of the financial assets are modelled as exogenous for the rest of the world as

follows:
NDEPOfYW = NDEPOE°Y + NDEPOR%” + NDEPOEOY (equation 124)
NLOAROW = NLOAF®Y + NLOAR°Y + NLOAROY (equation 125)
NEQE" = NEQEY + NEQR%Y + NEQRY (equation 126)
NINSUFOY = NINSUEYW + NINSURSY + NINSUE?Y (equation 127)
NDERVRW = NDERVEIY + NDERVESY + NDERVESY (equation 128)
NGOLDEY = NGOLDE" + NGOLDEY + NGOLDE?Y (equation 129)

We now move to the third and final block of our framework, related to the environmental aspects of

the economy.

5.4. Environmental aspects

In the environmental block of the model, we concentrate on three crucial aspects related to climate
targets: energy (use and supply), emissions, and emission taxes. Our aim is to establish a
relationship between economic activity, energy, and emissions. We focus on identifying the
intensities at which various economic activities contribute to climate damage, rather than on the
specific scientific mechanism through which this effect occurs. It is important to highlight that our
model does not incorporate any damage function, i.e., there is no feedback mechanism through

which climate change per se can impose economic costs.
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5.4.1. Energy usage and supply

In our analysis, we use 21 different types of energies (see Table 5), following the same classification
used in the databank for the GreenREFORM model (Svarer et al. 2024). To establish a link between
energy (usage-supply) and economic activity, we assume a linear relationship. *” Focusing on

domestic energy production, we can express the total supply of domestic energy as a fraction of real

production. For each industry n, this is given by the following equation (without time scripts):

ENERGYZ,; = DIVER"™ « prodly . . (equation 130a)

sup,t

ENERGYqy, . represent the different types of energy supplied (in physical units) by an industry #, as

ENERGY,n

a result of production; Dg, .

represents the amount of energy supplied per unit of output
produced by the industry. This can be understood as the industry's contribution to the energy supply
relative to its production. A higher value in this case signals that the industry is supplying a larger

amount of energy per unit of its output (which is the case for energy producing industry). Note that

ENERGY,n
D

sup.t is exogenously determined.*® As can be observed in Table 5, the Energy production and

refinery industry has the highest contribution in energy production.

To calculate total energy supply in the economy, we need to account for supply of waste

(ENERGY, ‘ffgstte) renewables used as input in production (ENERGY, YD, E ), and imports of different

energy types (ENERGY, Sup +) as shown in Table 5.%

ENERGY{Y , = z ENERGY(,,. + ENERGY}, , + ENERGYWaste

+ ENERGYEE sup,t (equation 130b)

Focusing on energy usage, we can express the total energy usage of each industry as a fraction of its

total production. For each industry n, this is given by the following equation:

ENERGYQ,, = DENFEY™ « prod? (equation 131a)

use,t

47 The simple linear relationship between output in each industry and energy usage is highly simplifying. In future
versions of the model a more detailed modelling of the energy-market should be made, allowing for substitution
between energy products used in production.

48 Both the coefficients for energy supply (equation 130a) and usage (equation 131a) are calculated outside the model
as: DENERGYn _ ENERGYyse ¢ and DENERGY.n _ ENERGYgup ¢

use,t - sup,t

n n
saley saley

49 Renewables used as inputs in production mostly covers the use of wind to produce electricity.
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Where ENERGY;, , represents different energy types used (in physical units as expressed in Gj) by

an industry in production (sale{*) which is expressed in monetary values (DKK in this case);

ENERGY,n
D

use.t can be seen as an indication of how efficiently energy is being used in production. A

lower value can both indicate a high energy efficiency or that a specific energy type is not used in
this industry’s energy-mix. Take the example of oil products (OilP) which is used by all the nine
industries. In 2019, the industry with the lowest usage of oil products per unit of output were the
financial corporation industry. This is due to the energy-mix used by financial corporations and does

not necessarily mean that this is the most efficient industry.

Equation 131a only covers energy used in the process of production by domestic industries. In order
to compute the total energy usage of the economy, we need to take into account the energy used by

households (ENERGY,E ), distribution losses (ENERGY,; ), and energy exported

(ENERGY;%, ;). The total energy usage of the economic can be calculated as follows:

9
ENERGY}%, = z ENERGY}. .+ ENERGY!H  + ENERGY.L . + ENERGY,,,  (equation 131b)

n=1

We endogenize the energy used by households using a linear relationship between energy used and

domestic consumption. This relationship is expressed in equation 132:

ENERGY}H , = DENFROVHH o cdom (equation 132)

use,t

We use the difference between total energy usage and total energy supply, to calculate the change in

energy inventories as follows:
Invpliss” = ENERGYL),, — ENERGY,.%,, (equation 133)

Unfortunately, the stock values of these inventories are not available for our sample, therefore we
set the starting stock value to zero in the first period of the sample with changes in this stock being

defined as:
InvENERGY = [npENERGY 4 InypNERSY (equation 134)

We now focus on energy reserves available in the economy. There are two energy reserves in
Denmark: Crude oil (C Ollres ¢) and Natural gas extracted (N Tgasres ¢). The data on these reserves

is measured in m3 and Nm3, but we convert them to gigajoules to fit the energy usage and supply

accounts. For conversions, we use the conversion rates presented in the annual reports by the
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Danish energy agency. It can be shown that the reserves for crude oil and natural gas evolve

according to the following equations:*°

Coilgj = Coilgj —

res,t res,t—1

9
Coilgpeq + Coilftjc't_1 (equation 135a)

n=1

NTgasgj = NTgasgj -

res,t res,t—1

9
NTgasgtr supe—1 + NTgasftjc't_1 (equation 135b)
n=1

g
res,

gj

In the above set of equations, Coilyg

. and NTgas,, , are the opening stocks of crude oil and

natural gas. These energy reserves will deplete over time depending on the pace of extractions,

which in turn, depends on the demand for these type of energies; the extraction of crude oil is

sup

denoted by Yo_, C oilf:‘tzil and the extraction of natural gas is denoted by Ya_; NT 9ASgxtrmt—1-

New discoveries of reserves or revaluations are added to the existing stocks, captured by the terms

gj

197
Coil otc,t—1

51
otct—1 for natural gas.

for crude oil, and NTgas

5.4.2. Emissions

We now present a detailed assessment of GHG emissions in the economy. In our analysis, we begin
by categorizing emissions based on economic activity. In this regard, we distinguish emissions
generated in the production process from those generated by household consumption.
Afterwards, both sources of emissions (i.e., production and consumption-related emissions) are
further classified into two types: i) Direct Energy-Related Emissions, which are emissions caused
by the use of energy sources, such as emissions resulting from burning fossil fuels like coal, oil, or
natural gas; and ii) Indirect Emissions, which are emissions associated with economic activities
(production and consumption of goods) but are not directly caused by energy usage, e.g., emissions

from waste management practices or methane emissions by livestock.

Note that emissions originating from the aforementioned activities can take the form of specific

gases. As mentioned in section 4.3.2, we include the following types of emissions: carbon dioxide

50 Supply data for crude oil and natural gas matches closely with the production data for crude oil and natural gas
reserves provided by the Danish energy agency for oil and gas reserves in Denmark. Therefore, we assume that
domestic supply data from Statistics Denmark shows how much oil and gas is produced/extracted from the oil and gas
reserves. Thereby the rest of the data is consistent with consumption and use data also used from Statistics Denmark.
5! As data on crude oil and natural gas reserves were inconsistent in 2006, 2014 and 2015, probably as a result of

rounding errors, we have adjusted the data for Coilf,]tjclt_1 by + 1 m3 in 2006, +1 m3 in 2014, and by -1 m3 in 2015,

thereby making the data consistent. For natural gas (N Tgasft];,t_l.), we +1 Nm3 in 1997, - 1 Nm3 in 2006, + 1 Nm3 in
2012.
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(CO2), nitrous oxide (N20), methane (CH4), sulfur hexafluoride (SF6), perfluorocarbons (PFC),
and hydrofluorocarbons (HFC).%? These forms of emissions are later used to calculate the CO2-

equivalent measure.>>

In what follows, it is helpful to understand the distinction between the sources of emissions
(generated by 4 types of economic activity) and the forms they take (6 forms of GHG emissions as
discussed above). In the following sections, we will first examine the direct and indirect emissions
produced during the process of production. Afterward, we will address the direct and indirect

emissions resulting from households’ consumption.
A. Direct Energy-Related Emissions of domestic production

Following the approach of Beck and Dahl (2020), we calculate emission coefficients linked to each
energy type for each industry. To that end, we use a dataset linking emissions to the use of specific
energy types for each industry. The emission coefficient in the case of direct emissions for each

industry is calculated as follows:

EMISSION}
EMISSIONzAgiGY’" = ENERGIEKI:IlERtGY't (equation 136a)
use,

where n determines industry, EMISSION determines the type of emissions (e.g. CO2, N20, and so
on), and ENERGY determines energy type (e.g. Crude oil, Oil products, and so on). To give an
example, the energy coefficient relating the usage of oil products (OilP) to carbon dioxide emissions

(CO2) in the agriculture industry is calculated as follows:

CO255pl
OilP,AGRI __ LLP, .
T (equation 136b)
uSe,t

where EMISSION = CO2, ENERGY = OilP, and n = AGRI.

Since we have emissions related to each of the 21 energy types, we can take the sum across the
energy types for each industry to calculate the total direct energy-related emissions for each

individual industry.

52 SF6, PFC, and HFC are not emitted as a result of using energy, whereas they only occur for the category “unrelated to
energy”’.

33 The model can be extended to include additional emission types, Data from Denmark statistics allow us to include 15
types of emissions.
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21
EMISSION rpcre = z ENERGY,%, , * EMISSION 2% ™ (equation 136¢)

ENERGY=1
Note that the available data used to estimate emission coefficient is available until 2017. Since, our

sample extends to 2019, we assume the same emission coefficients from 2017-2019.
B. Indirect emissions of domestic production

To estimate indirect emissions related to production, we calculate emission coefficients using total

production of a given industry.>* The calculation of emission coefficients in this case is given by:

EMISSION|ypirecT ¢

prod}

coef,t

(equation 137a)

Again, using n as the notation for industries, and EMISSION as the notation for emission type.

Using our calculated emission coefficient in equation 137a, the total indirect emission for each

industry is given by:

EMISSIONpirpcre = EMISSIONZIRECT™ « prod} (equation 137b)

coef,t

By aggregating equation 136¢ and 137b, we can calculate the total emission (incl. direct and

indirect) for each industry as follows:
EMISSION{y = EMISSION[ypirgcr e + EMISSIOND ppcr ¢ (equation 138)
C. Direct Energy-Related Emissions of households consumption

To calculate direct energy-related emissions for the household sector, we follow the same procedure

as was followed for industries. In this case, the emission coefficients linked to the use of each

energy type is given by:
EMISSIONHH
EMISSION S 2RV HH = R (equation 139a)
' ENERGY!H,

The emission coefficients in equation 139a are used to calculate direct energy-related emissions for
the household sector following the same approach as for industries in equation 136a. Again, we can
take the sum across the energy types to calculate the total direct energy-related emission for the

household sector as follows:

54 This is similar to the methods used in the GreenREFORM model by the DREAM group.
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EMISSIONH por s = z ENERGY}H , « EMISSIONENERGV-HH (equation 139b)

coef,t
ENERGY=1

D. Indirect emissions of households consumption

To estimate indirect emission for the household sector, we calculate emission coefficients using

domestic consumption. The emission coefficients in this case are given by:

EMISSIONHH
EMISSIONCI(I)VeDfI?ECT,HH _ do::lDIRECT,t (equation 140a)
) c

The emissions coefficients from equation 140a are then used to estimate the indirect emissions

associated with consumption:
EMISSION{} gecr,e = EMISSION 50 FECTHH « com (equation 140b)

By aggregating equation 139b and 140b, we can find the total emissions generated by households

consumption as follows:
EMISSION{Y, = EMISSION fzer. e + EMISSION Y ircr ¢ (equation 141)

We can now find the total emission for each emission type in the entire economy by aggregating
equation 138 and 141. That is, we add the total emissions from the 9 industries together with

emissions from households:

9
EMISSIONE°t = z EMISSION, . + EMISSION/H, (equation 142)

n=1

As we now have total emissions for each of the 6 emission types, we can now convert each form of
emission into CO2 equivalent using the commonly used GWP conversion rates. More specifically,
for CO2, SF6, PFC, and HFC the conversion rate is 1 as they are already measured in CO2-
equivelants; for CH4 the conversion rate is 25, and for N20O the conversion rate is 298. We calculate

the CO2-equivelant emissions (CO2E) first at an industry level:
CO2E = CO2t + SF6} + PFC* + HFC!* + 25 * CHAT! + 298 « N20} (equation 143a)
And for the entire economy:

CO2EL = CO28 + SF6LOt + PFCEO + HFCEO! + 25  CHAL! + 298
* N20fot (equation 143b)
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This completes the description of the environmental block of the model, where we have modelled
the nexus between energy, emissions and economic activity. We now proceed to discussing an
important policy variable, environmental taxes, that is recently receiving a lot of attention in the

discussions related to climate targets.

5.4.3. Environmental taxes

In section 5.1.2, we isolated environmental taxes from the rest of other production taxes (see
equation 12). In equation 144a we assume environmental taxes to be dependent on CO2E emissions

of the industry as follows:>’

ENVigxs = CO2Ef g4 * CO2E (equation 144a)
We use an exogenously calculated tax rate for each industry n (CO27, ¢), which is calculated
outside the model using the following equation:

ENV/

tax,pollution

CO2E"

CO2Efqter = (equation 144Db)

This completes the environmental aspects of the model and also the entire model description. We

are now ready to evaluate the model, after which we will perform three simple scenarios.

6. Model evaluation

To evaluate the model, we perform two standard checks. First, we numerically solve the model to
establish a baseline, the results of which are compared with the observed data. Second, we analyse
the response of the model to several shocks to analyse whether or not the model is capable of
capturing the stylised facts. This step is also crucial for understanding the different transmission

mechanisms embedded in the model.

Figure 2 shows the prediction of the model for real production of domestic industries in domestic
currency. The model decently captures the overall tendency and fluctuation within each of the nine

industries.

Figure 2: Total real production of domestic industries

35 Equation 144a relates CO2-equivelent emissions directly to the environmental taxes paid by a given industry. In
reality, most environmental taxes are paid using energy related taxes where a specific tax rate is put on energy usage. In
this current version of the model, we rely on the simpler set-up of equation 144a whereas this should be modeled in
more detail in future versions.

68



Real production in the nine industries
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Figure 3 shows the development of real GDP (including its components) and employment. Again,
we can see that the model captures the development of key macroeconomic variables. There are
some episodes of divergences between the model predictions and original data for employment, but
the model performs fairly well in capturing both the long run tendency as well as cyclical

movements.
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Figure 3: GDP components and employment
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We now present the model performance related to the environmental aspects of the model. Figure 4
shows the model prediction of total CO2 equivalent emissions associated with the 6 emission types.
The prediction of the model for emissions is consistent with the original data; it decently captures
both the trend and fluctuations. We can conclude that the model performs reasonably well in

capturing the development in key variables related to the economy and environment.

Figure 4: Emissions
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To ensure that our model fulfils the properties of a stock-flow-consistent model, we need to ensure
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that each financial asset has a counterparty, and that each transaction has an origin and a destination.

First, to ensure consistency in financial assets, we need to check that net holdings of financial stocks



across the institutional sectors sum to zero, implying that the holding of every financial asset has a
counterparty, or put differently, someone’s financial asset is someone’s financial liability. In
principle, one can perform this check on each financial stock, but in practice, performing the check
on the net holding of securities will suffice in our case. The reason is that transactions related to
securities by the rest of the world (NSE CE9Y) are not included as an equation in the model, as this
is our redundant equation. All other financial stocks and their related transactions, through specific
accounting identities, are tied across the sectors through explicit equations in the model. Therefore,
if net holdings of securities across the sectors sum to zero, we can safely conclude that the model
fulfils the requirement of stock consistency. Second, we need to ensure that the sum of net lendings
(or financial balances) across sectors sum to zero, meaning that a sector’s deficit is financed by
other sectors’ surplus. After carrying out the aforementioned-tests, we find that both conditions are

fulfilled, and the model is stock-flow-consistent.

6.1. Introducing three simple scenarios

We now analyse the response of the model to various types of shocks related to monetary and fiscal
policy. First, we introduce a monetary policy shock, in which we permanently increase the interest
rates on loans, deposits and bonds by 2 percentage points. Second, we introduce 2 types of fiscal
policy shocks as follows: i) public spending shock, where we permanently increase government
consumption by 5% in the biggest industry (categorised as “other industries”), and ii) carbon tax

shock, in which we permanently increase the carbon tax rate in the agricultural industry.

The effects of the shocks are presented as deviations from the baseline. Note that these shocks are
introduced independently of each other in the baseline in 2010. For instance, when we introduce a

carbon tax shock to the model, we do not introduce any other shock in the same scenario.

6.1.1. A shock to interest rates

The effects of a contractionary monetary policy shock on gross domestic product (GDP)
components are visualised in Figure 5. Following a monetary policy shock, GDP contracts by about
0.8% relative to the baseline value; this development is mainly driven by a fall in consumption
(which reduces by 2.1%). The main mechanism is that higher interest rates lower disposable
income, which causes final consumption to fall. The overall contraction in the economy also has the
effect of lowering investment and employment; trade balance slightly improves as imports contract

sharply whereas exports remain unaffected.

Figure 5: Change in GDP components
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In Figure 6, we show the effects of the shock on real production along with some of the key
components for each industry. We can observe that an increase in interest rate has the effect of
lowering real production across all industries. The main transmission channel is that the fall in final
consumption lowers production, which in turn, reduces intermediate consumption. The reduction in
intermediate consumption reinforces the reduction in total production. It is interesting to note that
the effects of the shock on total production across the industries are heterogenous (i.e., financial
corporations experience a larger drop in real production compared to other industries), but the
effects of the shock on final consumption are homogenous, i.e., the final consumption of the goods
supplied by each industry falls with the same magnitude. The reason is that income shocks (in this
case induced by higher interest rates) affect the final consumption proportionally. The heterogenous
response of total production across the industries is partly driven by their sales of inputs to other
industries (which in turn, depend on the production requirement of the industry) and partly by the

difference in weights of the underlying components of total production.

Figure 6: Changes in real production for industries
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We now proceed to discussing the effects of fiscal shocks in our model.

6.1.2. A shock to government spending

We introduce a government spending shock, characterized by a 5% increase in government

consumption of final goods supplied by industry no. 9 called “other industries

. In figure 7, we

depict the effects of this shock on GDP, along with several key macroeconomic components. We

can see that the shock triggers expansionary economic effects; specifically, we observe an increase

in final consumption and real investments, reflecting the positive spillover effects of higher

government demand on private sector activity. Moreover, we find the fiscal multiplier for this shock

to be around 1.14.
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Figure 7: Changes in GDP and underlying components
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Figure 8 visualises the effects of government spending shock on the production of industries
(including the main components of production). Once again, the expansionary effects of
government spending can be observed as total production increase for all industries. The
expansionary effects of the shock on total production can be explained by two main channels: 1) The
increase in government spending increases the production requirement, which in turn, induces the
consumption of intermediate goods, and ii) the overall increase in income (as shown in Figure 7)
increases the aggregate final consumption of the goods. These two effects combined can explain the
increase in total production across the industries. While the shock has a general expansionary effect,
we can once again observe that the effects (in terms of its magnitude) on total production vary
across the industries. This difference is partly explained by the degree of dependency of industry 9
(other industries) for its inputs on the remaining industries (captured through the technical
coefficients) and partly by the difference in weights of the underlying components of total
production. Note that the real exchange rate remains unaffected, and therefore we observe no effect

on exports in the industries.
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Figure 8: Changes in real production and underlying components
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In the next section we will introduce a contrary fiscal policy shock, as we increase carbon taxes in

the agricultural industry.

6.1.3. A shock to carbon taxes

In this section, we analyse the mechanism through which carbon taxes affect the level of economic
activity and GHG emissions. In section 5.4.3, we assumed that punitive measures on carbon
emissions can take the form of environmental taxes. We linked environmental taxes to CO2-
equivelant emissions, using the tax rate CO2Ef,, ; in equation 144a. To introduce a carbon tax
shock for an industry, we can increase the tax rate CO2Ef,;  for an industry of our choice. In this
paper, we choose to increase the carbon tax for the agriculture industry, as this topic has recently
received a lot of attention in policy discussions. Consequently, the Danish government has recently
reached an agreement with the organization of Danish agriculture to introduce a carbon tax in the
agricultural sector. The proposed tax will be implemented in 2030 and is planned to reach 350 DKK
per ton of CO2E emissions, excluding those related to energy use, by 2035.

Against this background, we discuss the implementation of a carbon tax in the agriculture industry.
In the baseline model the agricultural sector is estimated to pay a carbon tax of approximately 120

DKK for each ton of CO2 emissions. We increase this tax rate to the level suggested by the
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government agreement, i.e., 350 DKK for each ton of CO2E emissions unrelated to energy. Since
we introduced the shock in 2010, our results should not be interpreted as reflective of the current
scenario. We merely perform this shock to explain the mechanism through which these type of

policy measures can affect the economy and GHG emissions.

Figure 9 illustrates the impact of a carbon tax shock on tax expenditure, industry and consumer
prices, as well as the substitution effects in final consumption. As the carbon tax increases
production costs in the agricultural sector, these additional costs are partially passed onto other
industries through higher input prices, which ultimately raises final consumer prices. Dairy and
bread products experience the most significant price increases, as their production is linked to the
agriculture and food manufacturing sectors, both of which experience substantial cost hikes. In

response to price increases, consumers tend to substitute these products with other food items.

Figure 9: Price effects and substitution between product types
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In Figure 10, we show the effect of the shock on international trade. We observe a large drop in
exports for the agriculture and food manufacturing industries. Exports primarily falls in these two
industries for two reasons: 1) they have the highest rate of price increases as seen in figure 9, ii) both
industries have relatively high export elasticities. The increase in domestic prices also increase the
import shares for both final consumption goods and inputs purchased by domestic industries. For

final consumption, the results suggest that the largest substitution effect in the consumer basket
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occurs for meat consumption. For the consumption of inputs, industries that rely heavily on inputs
from the agriculture and food manufacturing industries increase their import share as foreign-
produced inputs become relatively cheaper. Accounting for the combined effects on both exports

and imports, real net exports decline by approximately 5.5 percent.

Figure 10: Changes in exports and imports

Effect on international trade

Change in Real Exports Import shares of final consumption

20 7 —— Other consumption
—— Bread consumption
Meat censumption
—— Fish consumption
15 Diary consumption
Fruit and vegetable consumption
Other food consumption

Percentage change
Level change from baseline
=

—— Industry 1 (Agriculture)
Industry 3 (Fishery)

=— Industry 4 (Mining)
Industry & (Manu. food)
Industry 7 (Energy inten.)

~— Industry & (Financial corp.)

30 4 = Industry 2 (Forrasty)
————
05
40 Industry & (Energy prod.)
50 | == Industry 9 (other industries) 00

2000 2005 2010 2015 2000 2010 2020 2030 2040

Time

Import shares on inputs Real net-export

20

— Industry 1 (Agriculturs) 0

— Industry 2 (Farresty)
Industry 3 (Fishery)

— Industry 4 (Mining)

15 Industry & (Manu. food)
Industry 6 (Energy prad.)
Industry T (Energy inten.)

— Industry 8 (Financial corp.)

1.0 = Industry 9 (other industres)

Percentage change from baseline
Change from baseline (B. DKR)

2000 2005 2010 2018 2000 2005 2010 2018 2020

Time

Figure 11 presents the impact of carbon taxes on CO2E emissions across individual industries and
at the aggregate level. The findings indicate a reduction in CO2E emissions across all industries.
Notably, emissions in the agricultural and food manufacturing sectors decrease by approximately
9% by the end of the simulation period. This decline is primarily driven by reduced production, as
final demand—particularly exports—decreases for these industries. At the aggregate level, CO2E

emissions decline by 1.5% in the final period of the simulation.
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Figure 11: Changes in CO2E emissions
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We now turn to a critical aspect of the carbon tax, focusing on which sectors bear the economic cost
of emission reductions. Figure 12 illustrates the changes in financial net wealth across the non-
financial, household, government, and rest of the world sectors. While the government benefits
from increased tax revenues due to the carbon tax, it seems to bear the largest portion of the
associated economic burden. Specifically, the revenue gained from carbon taxation is outweighed
by revenue losses from reduced production. Financial net wealth declines in all domestic sectors,
which, according to accounting identities, leads to a corresponding increase in net wealth for the

rest of the world sector.

Figure 12: Changes in financial net wealth

78



Effect on real financial net wealth

Real financial net wealth: NFC Real financial net wealth: HH

S S— “

4 \
6

& -10
-0 12 \/\

2000 2005 2010 2015 2020 2000 2005 2010 2015 2020

Change from baseline (B. DKR)
Change from baseline (B. DKR)

Real financial net wealth: GOV Real financial net wealth: ROW

Change from baseline (B. DKR)
Change from baseline (B. DKR)

20
\ U
25

2000 2005 2010 2015 2020 2000 2005 2010 2015 2020

The effects of a contractionary fiscal policy shock (in the form of a carbon tax), leading to a fall in
economic activity and reduced emissions, are in line with economic intuition. In the model
structure, the substitution effects between domestic and foreign-produced goods play a significant
role. These core macroeconomic channels, along with stock-flow consistency, allow for an

assessment of which sectors incur costs or benefit from this policy.

7. Conclusion

This paper developed an ecological macroeconomic model by combining the Stock-flow-Consistent
approach (SFC) with an Input-Output (I0) framework. The model structure was divided into four
blocks: 1) the domestic production block, describing total production, production costs, and profits
for the domestic industries, ii) the aggregate (or final) demand block, providing a detailed
description of the drivers of aggregate demand, iii) the stock-flow-consistency block, in which we
modelled the financial aspects of each institutional sector to capture the interdependence between
real and financial spheres of the economy, while ensuring there are no leakages in the system, and
finally iv) the environmental block, where we modelled the types of energies used in the production

process while also capturing GHG emissions of each industry and the economy as a whole.

While building the model structure, most of the model parameters were estimated using annual time
series data from 1995 to 2019. To assess model validity, we performed two standard checks. First,

we numerically solved the model to establish a baseline, the results of which were compared with
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the observed data. We found that the model decently captured the overall tendency and fluctuation
in key variables related to economic activity and environment. Second, we analysed the response of
the model to a variety of shocks related to monetary and fiscal policy. We found that the model
effectively captures the stylized facts and that these shocks affect the economy through multiple
channels, which are important in policy making. We believe, our model in this paper will serve as a
foundation, which can be extended in a variety of ways. The model has the potential to offer a

reasonable assessment of the climate policies to the relevant stakeholders.
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8. Appendix:
8.1. Industry statistics

The industry level data imported from Statistics Denmark includes a total of 117 industries. In this paper, we
aggregate these 117 industries to 9 to obtain a simpler representation of the economy. The 9 industries are

presented below together with key environmental and economic statistics.>®

Table Al: Industry statistics

Statistics
CO2E Emissions CO2E Intensity (Mio. Total Sales (Bil.
Industry (Mio. tons) tons per Bil. DKK) Export Share (pct) DKK)
Agricultural 12.24 0.19 0.28 65.32
Forresty 0.06 0.02 0.08 3.60
Fishery 0.46 0.12 0.71 3.99
Mining 2.30 0.04 0.48 55.65
Manufacturing food 147 0.01 0.63 129.25
Energy supply and refinaries 29.18 0.32 0.34 90.80
Other energy intensive 6.84 0.03 0.67 215.32
industries
Financial corp 0.07 0.00 0.05 160.25
Otherindustries 47.97 0.02 0.24 2392.41

Note:
Data for the year 2019. CO2 Intensity is calculated as CO2 Emissions divided by domestic production. Export share is
caleulated as exported sales divided by total sales

8.2. Distribution of gross operating surplus and mixed income (B2)

This appendix will provide a description on how we make the transition from industry to sectoral
level in the model using gross operating surplus as the combining variable. The main reason that we
need to make this transition is that not all entries below gross surplus in the TFM (table 4) are

available at an industrial level.

The most appropriate point for transitioning from industry to sectoral accounts is at the gross
operating surplus and mixed income (B2), as this is the final entry reflected in the input-output
tables (see Table 2). The objective is to ensure a consistent transition by aligning observed data for
B2 at both the industry and sectoral levels. A common practice in the Stock-Flow-Consistent
literature is to assume that the non-financial corporations sector collects the entire gross operating

surplus, which is then distributed to the household, government, and financial corporation sectors

%6 The “Other energy intensive” industry includes industries that are not part of the energy production and supply, but
still regulated by the ETS program.
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using exogenous shares. This method could be easily incorporated into the current model by
summing the total gross operating surplus of mixed income across industries and then allocating it
according to these sectoral shares. This approach assumes that all industries are equally linked to
the four domestic sectors based on exogenous shares, which diminishes the value of including
industrial aggregation in the model. For instance, consider the impact of a carbon tax on the
agricultural industry, which reduces gross operating surplus. If we fail to account for the fact that
this industry is predominantly "owned" by the household sector (67%) and instead use aggregate
sectoral shares, where the household sector holds a weight of just 21%, we will underestimate the

effect on the household balance sheet.

To calculate these shares at the industry level, we rely on the industry by sector matrix provided by
Statistics Denmark (DST 2021), which details the industrial contributions to sectoral accounts based
on gross value added (GVA) in 2016. This matrix helps us estimate how gross operating surplus and
mixed income should be allocated among the four domestic sectors across the nine industries. The

process involves the following steps:

1. Within each industry we calculate the weight of NFCs, FCs, households, and the
government for each row in the matrix of industry by sector.

2. As the matrix of industry by sector is disaggregated into more than 90 industries, we use
gross operating surplus and mixed income for each industry to make a weighted average for
the shares at the 9-industry level used in this paper.’’

3. As these shares are calculated based on 2016 data, they have most likely changed since
1998, in which we start the simulation of the model. To take this into account, we include a
trend calculated from the sectoral to total gross operating surplus and mixed income and
apply this trend on the industry level shares calculated in step 2.

4. Lastly, we calculate an adjustment term to consider discrepancies between our estimated
sectoral gross operating surplus and mixed income variables, based on the first 3 steps, and

observed gross operating surplus and mixed income for each sector.

These steps result in equation 57a-57d in which gross operating surplus and mixed income are
calculated for the household, government, financial corporations, and non-financial corporations. In

the table below, we show the estimated shares for 2016.

Table A2: Sectoral weights by industry

57 In the current version of the model, we only use the 2016 values for B2 to make this aggregation.
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Statistics

Industry NFC weight FC weight GOV weight HH weight
Agricultural 0.33 0.00 0.00 0.67
Forresty 0.00 0.00 0.00 1.00
Fishery 1.00 0.00 0.00 0.00
Mining 1.00 0.00 0.00 0.00
Manufacturing food 0.94 0.00 0.00 0.06
Energy supply and refinaries 1.00 0.00 0.00 0.00
Energy intensive industries 1.00 0.00 0.00 0.00
Financial corp 0.00 1.00 0.00 0.00
Other industries 0.67 0.00 0.11 0.22

Note:
Own calculations

To give an example, for gross operating surplus in the agricultural industry, 67% will be associated
with the household sector, while 33% will be associated with the non-financial corporation sector.
For the Mining industry, gross operating surplus will be associated only with the non-financial
corporation sector. As no gross operating surplus should be lost while making this transition, all

rows sum to 1.

Lastly, in figure A1 we show the magnitude of the adjustment terms (calculated in step 4) relative to
the observed value of gross operating surplus. The adjustment terms for the financial corporations
and government sector are close to 0. The reason for the undershooting of gross operating surplus
for the household sector (as the adjustment term is positive) and the overshooting of non-financial
corporations gross operating surplus, are to be found in the matrix of industry by sectors.’® A
majority of industries show that household contribute by 0.0% to total gross operating surplus
within a specific industry. When this notation is used, it means that the actual value is between 0.0%

and 0.05%.>°

38 The level of adjustment in the household and non-financial corporation sector is almost equal in absolute values.
% In cases where the true value is 0%, the entry is empty.
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Figure Al: Adjustment terms relative to observed values
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8.3. Calculation of financial flows

In this appendix, we calculate three types of rates of returns:®° i) first, we calculate 3 different
interest rates (related to deposits, securities, loans, and other accounts), which will determine the net
interest income denoted by NINT, ii) second, we calculate the rate of return on equity holdings,
which determines the flow associated with equities (mostly dividends) denoted by NDIV, and ii1)
third, we calculate the rate of return on other investment income (related to pension and insurances),
which determines the flow called NOIR. Note that the income flow related to reinvested earnings on
FDI expresses the operating surplus of the foreign direct investment corporations. This is not related

to any of the financial assets in the TFM. ¢!

Following standard accounting, we know that payment flows in the current period depends on the
stock of last period and the rate of returns from the last period. This relationship, expressed in equation

Al, is used to calculate our rates of returns:

0 'We use unconsolidated data to calculate the rates of returns in the model.
61 Rent is defined as income received by the owner of a natural resource and is simply included as a flow without
associating it to any type of rate of return.
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low
flow, = rate,_; * stock,_, © rate,_; = L (equation A1)
rate;_,

Focusing on interest rate calculations, first we calculate the interest rate on securities, assuming the
rate of return on securities to be the same domestically and abroad. Therefore, we calculate the interest

rate on securities (r7£¢) as the mean of the rate in Denmark and ECB as follows:

r2EC = 0.5 % i_secPX + 0.5 = i_secE‘? (equation A2)

By multiplying this rate of return with the stock of securities in the last period, we get the interest
payment related to securities. The interest payment on securities is then subtracted from the overall

interest payment, the resultant of which is used to calculate interest rate on deposits and loans.

To calculate the interest rate on deposits (r;,?EF) paid by the financial corporations, we take the total
net interest paid by financial corporations, from which we subtract interest payments on securities
issued by the financial corporations. The resultant is divided with the stock of deposits (representing
a liability) for the financial corporations in the last period. This calculation can be expressed as

follows:

; : SEC FCL
DEPO _ interest paid by FC, — (r:2 * secu,_;
t-1 =

tion A3
deposits in FCy_4 (equation A3a)

FC,L- . . . .. ..
where 12 x secu,} is the interest payments of financial corporations on their issued securities.

To calculate the interest rate on loans 7294, we use the same approach, i.e., we take the total net

interest received by financial corporations, from which we subtract interest income received on
securities owned by the financial corporations, which is then divided with the stock of loans (which
represents an asset) issued by financial corporations in the last period. This is given by equation 8b

as follows:

interest received by FC, — (rSE¢ * secul;*

Loan FCy_4

LOA _
=1 =

(equation A3b)

where 12EF * Secuf_c‘lA denotes interest payments received by financial corporations on holding

securities as financial assets.

Once interest rates on interest bearing stocks are computed, we can show that the net interest

payments (NINT) of sector s are given by the following equation:
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NINT? = rPEP x (NDEPO; + NDERV{ + NTCRED?) + rE¢ « NSECF + r}04
x* NLOA? (equation A4)

Note that the rate of return on three financial stocks namely, net deposits (NDEPQO), net derivatives
(NDERY), and net trade credits (NTCRED), is the same as denoted by interest rate r?E”. The net
stock of securities (VSEC) and net stock of loans (NLOA) are linked to their corresponding rate of

T'tLOA

returns denoted (r°£¢) and , respectively.

The return on equities (r?'V?) is also calculated using equation A1. This calculation is expressed in

equation A5 as follows:

dividends paid by FC,
equities issued by FC;_4

DIVD _
e=1 =

(equation A5a)

We can now determine net income received from dividend payments for sector s as follows:

NDIVS = rPVP « NEQ] (equation A5b)
where NEQ represents the net stock of equities.
Similarly, the rate of return for insurance and pensions (r/¥5V) is given by:

FINSU — return paid by FC;

tion A6
insurances issued by FC;_, (equation A6a)

We can use the rate of return 7/¥SY to calculate the income associated with net insurance payments

for sector s as follows:
NOIR; = r{NSU x NINSU? (equation A6b)
where NINSU represents the net stock of insurance and pensions.

This concludes the presentation of industry and sectoral level variables used within the model. In

the next section we instead focus on environmental data used in the model.

8.4. Substitution between consumption products

In this appendix, we show the two substitution effects modelled for final consumption. The two
effects are 1) substitution between product types, ii) substitution between domestically and foreign

produced products.
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Substitution between product types

To allow for substitution between product types, we endogenize the shares 7th (used in equation 19)
following a similar method as used in the GreenREFORM and ADAM models, which includes a
nested structure. In our model, the first nest includes a choice between industry specific consumption
products (c;7*“) and food products (¢21® + c?2° + 3% + c}*0 + ¢}°0 + ¢#89). In the second nest,

consumers choose between the six different food products. The nested structure can be modelled as

follows:%?
t1
ppconoth,tax anes
spec t .
7/15 = G5PeC 5 [ ———— (Equation A7.)
ppCO?’lt
t1
110,tax \ 02 food,tax anes
110 ’ con
_ A110 ppcon; pp t ;
yﬁ = 9 * (;;;;;7533255) * (——;;z;;ga;—— (E(ﬂlatlorl[\8.)
t
t1
120.tax gnest2 food,tax ohes
120 con ’ con .
};t = 9120 * (%) * (%) (Equatlon Ag)
ppcon; ’ t
t1
130.tax gnest2 food,tax ohes
130 con ’ bpcon .
};t — 9130 * (pppfjconfm) * (W) (Equatlon AlO)
t
t1
140 tax gnest2 food,tax ohes
140 con ’ bpcon .
};t — 914—0 * (pppfjconfm) * W) (Equatlon All)
t t
t1
160 tax gnestz food,tax ones
160 ’ con
1160 ppcon; pp t ;
yﬁ = 9 k (;;;;;;FEEEEE;) ——;ZEZ;;EEE—_ (Iqulatlorl[\lzz.)
t
t1
180tax \ O est2 food,tax ones
180 ’ con
1180 ppcon; pp t ;
7;15 = 9 * (W) * (W (Equatlon A13)
t
nest2

Several parameters go into the equations above. Starting with o and o™5! these represent the

elasticity of substitution in the two nests. We set ¢™¢*2 = 0.8 and ¢™*5*1 = 0.2 which is slightly

lower compared to the parameters used by GreenREFORM who use a different disaggregation of the

spec
(4 , 0110’ 0120, 9130’ 0140’ 0160

consumer basket. Lastly, the parameters 0, 6180

, and are calibrated to

match the starting value of each corresponding share. Equation A.7-A.13 includes several price

. spec .
52 To ensure consistency, we model the share ;/t’ as a residual, to ensure that the sum of the shares always sum to 1.
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deflators, all of them adjusted for the tax rate.®® First, we define seven price deflators; one for each

product type: *

CP
p.tax __ t P .
ppcon, " = P P | * (1+ taxmte't) (Equation A14.)
9 dom,t 9 im,t im,t
_ emt EPpLLC L
n=1 thn n=1 pmt pm%m

Thereby each of the 7 product types p are a function of the producer price indexes for the 9 domestic
industries (py{*) as well as the ten foreign price indexes (pm¢, pm™). As the consumer is faced with
the price after taxes, we multiply on the average tax-rate for a given product (taxfate,t). The average

tax-rate is modelled as follows:

ChoaetChians+Chars)
p _ ( imd,t ctax,t ' “VAT,t .

taXy grer = 7 (Equation A15.)
Where C}), , , defines import duties, Cl,.,,., defines commodity taxes, and C}},; . defines value added

taxes all associated with consumption of product type p.

,tax

Besides from the 7 price indexes for each of the 7 product types (ppcon;” "), we need two aggregate

price indexes, one for the entire consumption (ppconf®), and one for consumption of food products

food,tax

(ppcon; ). We follow the same approach as in equation (ppcon; tax

) but aggregate across the

relevant product types p. The same goes for the average tax rate.

Thereby, we have the 9 price indexes for different consumption goods and baskets used in equation

A7-A13. In the following we focus on the second substitution effect.

Substitution between domestic and foreign products

To allow substitution between domestic and foreign products, we need to calculate a domestic and
foreign price index for each product type p. For each of the 7 product types in the consumption basket

the price deflator is calculated as follows:

% We can use this tax-adjusted deflator to go from nominal value plus taxes to real-values without taxes.

P ptax _ ~p P P D
Caom,t * PPCON = Caomt 1 Cetaxt T Cvare T Cimar

% We include these tax rates within the consumer price indexes, as these rates are included within the final price paid by
the consumer. Also, this allows us to implement carbon taxes on the consumers for different product types for future
analysis.
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tot,
C p

ppconl,,. . = % (Equation A16.)

9 dom,t

=1 pyt

Where C gom’t is the nominal consumption of domestic goods of type p. The term in the
n,p
dom,t

py_n) is the real consumption for domestic goods of type p, calculated by
t

denominator (Y54

taking the sum of nominal consumption in good type p for each industry » divided by the price

deflator in industry n.

For the foreign produced products, we follow a similar approach:

ctotp
p _ im,t .
PPCONi = = cip. (Equation A17.)
9 im,t
n=1 pm?
tot chP
In this case, C irfl ;p is the nominal imported consumption of good type p and Yo_, p‘r’n”;f represents
‘ t

the real imported consumption of good type p.

In equation A16 and A17, we do not account for the different tax rates as we did previously when
modelling substitution between product types. The reason is that under the current WTO rules,
domestically and imported goods in a specific market must be equally taxed. We therefore exclude

the tax rate in both equations as it will play no role.

The two price indices can then be used to calculate the real exchange rate using equation 52, which

is then used to calculate import shares in equation 51.

8.5. Industry aggregation:

10117 1069 ESFC-10 Denmark

Code Name (Danish) Code Name (Danish) Industry Name
(117) (69)

10000 | Landbrug og gartneri 1000 Landbrug og gartneri 1 Landbrug og Gartneri

20000 | Skovbrug 2000 Skovbrug 2 Skovbrug

30000 | Fiskeri 3000 Fiskeri 3 Fiskeri

60000 | Indvinding af olie og gas 6090 Réstofindvinding 4 Réstofindvinding

Indvinding af grus og
80090 | sten
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90000

Service til
rastofindvinding

100010

Slagterier

100020

Fiskeindustri

100030

Mejerier

100040

Bagerier, bradfabrikker
mv.

100050

Anden fodevareindustri

110000

Drikkevareindustri

120000

Tobaksindustri

10120

Fode-, drikke- og
tobaksvareindustri

Manufacturing of food
products

130000

Tekstilindustri

140000

Bekladningsindustri

150000

Lader- og fodtejsindustri

13150

Tekstil- og leederindustri

Other industries

160000

Treeindustri

16000

Treaeindustri

170000

Papirindustri

17000

Papirindustri

Other energy intensive
industries

180000

Trykkerier mv.

18000

Trykkerier mv.

Other industries

190000

Olieraffinaderier mv.

19000

Olieraffinaderier mv.

Energiforsyning og
Raffinaderier

200010

Fremst. af
basiskemikalier

200020

Fremst. af maling og
sebe mv.

20000

Kemisk industri

210000

Medicinalindustri

21000

Medicinalindustri

Other energy intensive
industries

220000

Plast- og gummiindustri

22000

Plast- og gummiindustri

Other industries

230010

Glasindustri og keramisk
industri

230020

Betonindustri og
teglvaerker

23000

Glas- og betonindustri

240000

Fremst. af metal

24000

Fremst. af metal

Other energy intensive
industries

250000

Metalvareindustri

25000

Metalvareindustri

260010

Fremst. af computere og
kommunikationsudstyr
mv.

260020

Fremst. af andet
elektronisk udstyr

26000

Elektronikindustri

270010

Fremst. af elektriske
motorer mv.

270020

Fremst. af ledninger og
kabler

270030

Fremst. af
husholdningsapparater,
lamper mv.

27000

Fremst. af elektrisk udstyr

Other industries

280010

Fremst. af motorer,
vindmeller og pumper

280020

Fremst. af andre
maskiner

28000

Maskinindustri

Other energy intensive
industries

290000

Fremst. af
motorkeretgjer og dele
hertil

29000

Fremst. af motorkeretajer
og dele hertil

300000

Fremst. af skibe og andre
transportmidler

30000

Fremst. af skibe og andre
transportmidler

310000

Mgbelindustri

320010

Fremst. af medicinske
instrumenter mv.

31320

Maobel- og anden industri
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Legetoj og anden

320020 | fremstillingsvirksomhed
Reparation og 33000 Reparation og installation
installation af maskiner af maskiner og udstyr
330000 | og udstyr
350010 | Elforsyning 35000 Energiforsyning Energiforsyning og
Raffinaderier
350020 | Gasforsyning
350030 | Varmeforsyning
360000 | Vandforsyning 36000 Vandforsyning Other industries
Kloak- og 37390 Renovation,
370000 | rensningsanlaeg affaldsbehandling mv.
Renovation, genbrug og Other energy intensive
383900 | forureningsbeka@mpelse industries
410009 | Nybyggeri 41430 Bygge og anlag Other industries
420000 | Anlegsvirksomhed
430003 | Professionel reparation
og vedligeholdelse af
bygninger
430004 | Ger-det-selv reparation
og vedligeholdelse af
boliger
45000 Bilhandel og -varksteder
450010 | Bilhandel my.
450020 | Bilvaerksteder mv.
460000 | Engroshandel 46000 Engroshandel
470000 | Detailhandel 47000 Detailhandel
490010 | Regional- og fjerntog 49000 Landtransport
490020 | Lokaltog, bus og taxi mv.
Fragtvognmend og
490030 | rertransport
500000 | Skibsfart 50000 Skibsfart
510000 | Luftfart 51000 Luftfart
520000 | Hjlpevirksomhed til 52000 Hjaelpevirksomhed til
transport transport
530000 | Post og kurertjeneste 53000 Post og kurertjeneste
550000 | Hoteller mv. 55560 Hoteller og restauranter
560000 | Restauranter
580010 | Forlag 58000 Udgivervirksomhed
Udgivelse af

580020

computerspil og anden
software

92




Produktion af film, tv og | 59600 Radio- og tv-stationer samt
590000 | musik mv. produktion af film, tv, mus
600000 | Radio- og tv-stationer
610000 | Telekommunikation 61000 Telekommunikation
620000 | It-konsulenter mv. 62630 It- og informationstjenester
630000 | Informationstjenester
640010 | Pengeinstitutter 64000 Finansiel virksomhed Financial corporations
640020 | Kreditforeninger mv.
650000 | Forsikring og pension 65000 Forsikring og pension
660000 | Finansiel service 66000 Finansiel service
680010 | Ejendomsmaglere mv. | 68100 Ejendomsmaeglere mv. Other industries
Udlejning af 68300 Udlejning af
680030 | erhvervsejendomme erhvervsejendomme
Boliger, husleje i 68203 Boliger, husleje i
680023 | lejeboliger lejeboliger
680024 | Boliger, ejerboliger mv. | 68204 Boliger, ejerboliger mv.
69700 Advokater, revisorer og
690010 | Advokatvirksomhed virksomhedskonsulenter
690020 | Revision og bogfering
700000 | Virksomhedskonsulenter
Arkitekter og rddgivende | 71000 Arkitekter og rddgivende
710000 | ingenigrer ingenigrer
Forskning og udvikling, | 72001 Forskning og udvikling,
720001 | markedsmeessig markedsmassig
Forskning og udvikling, | 72002 Forskning og udvikling,
720002 | ikke-markedsmaessig ikke-markedsmeessig
Reklame- og 73000 Reklame- og
730000 | analysebureauer analysebureauer
74750 Dyrlaeger og anden
740000 | Anden videnservice videnservice
750000 | Dyrleger
Udlejning og leasing af | 77000 Udlejning og leasing af
770000 | materiel materiel
Arbejdsformidling og 78000 Arbejdsformidling og
780000 | vikarbureauer vikarbureauer
790000 | Rejsebureauer 79000 Rejsebureauer
Vagt og 80820 Rengering og anden
800000 | sikkerhedstjeneste operationel service
Ejendomsservice,
rengering og
810000 | anleegsgartnere
Anden operationel
820000 | service
84202 Offentlig administration
840010 | Offentlig administration mv.
840022 | Forsvar, politi og
retsvaesen mv., ikke-
markedsmassig
Redningskorps mv., 84101 Redningskorps mv.,
840021 | markedsmeessig markedsmassig
85202 Undervisning, ikke-
850010 | Grundskoler markedsmassig

850020

Gymnasier og
erhvervsfaglige skoler

850030

Videregéende
uddannelsesinstitutioner
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Voksenundervisning
mv., ikke-

970000

med ansat medhjelp

850042 | markedsmeessig
Voksenundervisning 85101 Voksenundervisning mv.,
850041 | mv., markedsmaessig markedsmassig
860010 | Hospitaler 86000 Sundhedsvasen
860020 | Leeger, tandlaeger mv.
870000 | Plejehjem myv. 87880 Sociale institutioner
Daginstitutioner og
880000 | dagcentre mv.
900000 | Teater, musik og kunst | 90920 Kunst, kultur og spil
Biblioteker, museer mv.,
910001 | markedsmeessig
Biblioteker, museer mv.,
910002 | ikke-markedsmaessig
920000 | Lotteri og andet spil
93000 Sport, forlystelsesparker
930011 | Sport, markedsmaessig og andre fritidsaktiviteter
Sport, ikke-
930012 | markedsmeessig
Forlystelsesparker og
930020 | andre fritidsaktiviteter
Organisationer og 94000 Organisationer og
940000 | foreninger foreninger
Reparation af 95000 Reparation af
950000 | husholdningsudstyr husholdningsudstyr
Friserer, vaskerier og 96000 Friserer, vaskerier og
960000 | andre serviceydelser andre serviceydelser
Private husholdninger 97000 Private husholdninger med

ansat medhjlp

8.6. Model equations

I.) Industry level equations

PRODj e = Z zpi+ Z Cid + GOV + INVi

prOdZilom,t - Z

COST}omr = Z Z 4 70+ 2 + CTR + VAT + OPTY

Total Production, costs and profits

+ INVENTdom‘t + Xdom.¢

+ Z Cdom + govdom t + lnvdom t

+ anentdom,t + XGom.¢

i=1
+ W

PROFIT} = PROD}, ., —

COST fom ¢
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Inputs in production, imports and industry taxes

Zgn = ain * prOdZilom,t (M.5)
ZiiT;llt =@zt *Zt (M.6)
Zdom t — (1 - ¢é * Zti " (M7)
ln(gb;ft‘) = ﬁg”’ + BZ" x In(rer) + adjg (M.8)
ler:llt = Zlm t * pmt (M9)
Zdomt = Zdomt *pyt (M'IO)
Z:Llim,t = y:zlim,t * prOlelom (M-ll)
Z‘Zl.llm t = Zgim,t * PMyim (M.12)
° . (M.13)
CT! = <z Zé?m,t) * CTrnZzte,t
i=1
(M.14)
vaTy = (Z Zitn, ) VAT,
OTPt'ax,t = NEt'Elxt + ENVt'éx't (M.15)
M.17)
N, = Z Zhtme | * NERage
9 (M.18)
Mduty t — ( Z Zlm t) * Mtriluty,rate,t
i=
(M.19)
Mot — Z Z cn Z
C t im, t uim,t
n=1p=
(M.20)
M, = Z INVe + NV
(M.21)
MRt ones = Z INVENT},, ; + INVENT i ¢
(M.22)
MEg, = z GOV, + GOVyis
n=1
(M.23)

ME =) X+ Xuime

n=1
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Final demand components

InA(cfo) = 0.37** InAydH — 0.30*** In c¢f°} + 0.29*** In ydH_
0.01In faw/, — 0.002** Trend

p_ ,cP tot
Ce =0 *Ct
t1
oth,tax ot
57 _ gotn  (PPEOTE
t - contax
pbp t
t1
110,tax gnest2 food,tax ones
};110 _ 9110 . ppcont ppCOTlt
t ppCOTl{OOd Jtax ppcongax
t1
120,tax gnest2 food,tax ones
7;120 _ 9120 . ppcont ppCOTlt
t ppcon food tax ppcongax
nestz nestl
130,tax food tax
7/:130 _ 0130 . ppcont ppcon ppcony
t ppconfood Jtax ppCOTlgax
t1
140,tax gnest2 food tax ones
7;140 _ glao , ppcon, ppcony
t ppconfood Jtax ppcongax
nestz nestl
160,tax food,tax
t ppconfood Jtax ppCOTlgax
nestz nestl
180,tax food,tax
£ _ guso ( ppcon; > <ppcont >
t ood,tax tax
'p'pconf ppcony

p — 14 14

Cdom,t - (1 - ¢c,t) * Cp
14 — 14 14
Cime = (Pee) * ¢

1n(<l>£’,t) = Sp + ﬁl * In (rert ) + ad]¢t

np — np p
Cdom t Adom t * Cdom,t
np _ anp 14
Clm t Alm t Cim,t
14 14
Culm t yulm t * Cim t

np _ np
Cdomt Cdomt * th

np _
Clmt Clmt *pmt

p . un
Culm t Cuim,t *pmy
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n=1
7
totn __ § np
Cdomt - Cdomt
p=1
7
tot,n __ E np
Clm,t - Cim,t
p=1
7
totun __ § unp
Clmt Cimt
p=1
7
tot,n __ § np
Cdomt Cdomt
p=1
7
totn __ np
Clm,t - E Cim,t
p=1
7
totun __ E unp
Clmt - Clmt
p=1

9
tot _ totn
Cdomt E Cdomt
n=1
9
tot _ totn
Cim,t - E Cim,t
n=1
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(M.44)

(M.45)

(M.46)

(M.47)

(M.48)

(M.49)

(M.50)

(M.51)
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invi°t = 1.8"**Aln <—> — 0.09** In(inv®) + 1.42*** ps,_,

X
ln( L
m

invtrilom,t = (1 - ¢£w,t) * inv?

n

t

nx

C.tOt —

9

totn
E Cim,t

imt —
n=1
Yt-1
s
invg = A?nv,t *

: _ ., inv .
lnvuim,t - Vuim,t * NV

; n —
MVt =

n — n n
INVdom,t - lnvdom,t *DYe

INVZ =

imt —

INVyim s = inv

tot

lnvdom,t

INViom,e =

inv;

tot

tot

(Giw,e) * inv]

INV'tOt —

imt —

p

9

n=1

uim,t

‘ n n
MNVim e * PMy

un
*pmy

LN
lnvdom,t

) = oy + of *In(rer{ly) + adjy,

x(Tilom,t = (1 - ¢9Tcl,t) * x?
Xme = (d);clt) * Xg

n — N n
Xdom,t - xdom,t * DYt

n — n n
Xt = Xme * PMy

tot
xdom,t

9

— n
Z xdom,t
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(M.62)
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(M.67)

(M.68)
(M.69)
(M.70)
(M.71)
(M.72)

(M.73)



Labor market and prices

n n C OSTC?om,t
pyi = (A +ui) = P
pro dom,t
n Py
rery = Xy * n
pm;
14
ptax __ Ct
ppCOTlt - np np unp
9 dom,t 9 im,t + im,t
n=1 py' =tpm{ T pm{™
P
* (1 + taxrate,t)
p p
¢ (Clmd t + Cctax CVAT,t)
axrate t = c?
tot,p
P _ Cdom,t
ppcon, = np
9 dom,t
=1 n
=t pyy
tot,p
D _ Cim,t
pmt - Cnp
9 im,t
=1 n
=tpmy
» ppcon;
rer, = X1 * 7
pm;
n
prod}
EMP! = —

t

UNEMP, = LF, — Z EMP!
n=1
UNEMP,
R, =———+
LF,

W = Wagel * EMP!
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InA(Wage?*™)
= 0.24"" + 0.78"*InA(Wage?*}
+0.08" InA(Wage?*'") — 0.15" In(Wagel]
+0.09* In(Wage?*") + 0.28"* In(a,_,)

Wagel*™" = Wage?*l « (1 + m,_y)

In (Wagel") = @y + wln (Wage?™)

I1.) Sectoral level equations

Non-financial corporations

9
B2;99 = Z PROFITY

n=1
B2NF¢ = B2799 — (B2" + B2F¢ + B26)
IVFC = 1299 — (I + IF€ + If)

YNFC =Y, — (B2{99 — B2YT¢) — (NTaxpyoq, + OPTLY) — WNFC
+ NINT{'¢ + NDIV{"F¢ + NOIR'F¢ + NREFDI}'F¢
+ 0CT{"

YDYFC = YNFC — ITAX[FC
ngpc -y Dévpc
NLYFC = SNFC — INFC — INVENTNFC — NPYFC — CTNFC
FNLYF¢ = NDEPORTE + NSECH'® + NLOAY'Y + NEQY'E
+ NINSUJS® + NDERV{® + NTCRED[S

FNW]FC = NDEPONTC + NSECNTC + NLOAYTC + NEQNT®
+ NINSUNFC + NDERV]'FC + NTCRED{NFC

NLOANFC INFE
_ *okk *k skx . LOA
<—KgVFC = 0.26™" +0.28" | gye ) — 21

NLOAYE = ANLOAYTC — NLOANE
NSECNFC = NSEC]TE + NSECHEC + NSECTE
NINSUNFC = NINSUNEC + NINSUSSE + NINSUNSE
NDERV{'*¢ = NDERV® + NDERV[:® + NDERVSE
NTCRED*¢ = NTCRED/’ + NTCRED}'E + NTCRED}If
NEQN = —(NEQES + NEQfL.. + NEQf.. + NEQEYY
NEQI'™® = NEQ"{ + NEQY + NEQN
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(M.88)
(M.89)

(M.90)
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NDEPOXE = NLYFC + NLY;S, — (NSECHRE + NLOARTE
+ NINSUJNE + NDERVYEC + NTCREDYEE
+ NEQYFE

NDEPOY*¢ = NDEPOYF + NDEPONEE + NDEPOXTE

NINTNFC = yPEP « (NDEPONFC + NDERV/NFC + NTCREDYNFC)
+ 15EC « NSECNFC + 110A x NLOANFC

NDIVtNFC — T'tDIVD * NEQ%VFC
NOIRFC = r{N3U « NINSU'F¢
Households

9
B2 = Z PROFIT{ + SEROT*™ 4 adif!

n=1

9
I = ) NV s s
n=1

9
NFC _ n
W = E Wi
n=1

— NFC ROW
Wit = W™ — Wy

YH = B2H + WH + NINTH + NDIVH + NOIRY + NREFDI?
— SCON}, + SBENF, + OCT#

YDH = Y — ITAX!
SH =YDH — 99 + PENY
NI# = SH — [H — INVENTH — NP — CTH

FNLY = NDEPO!,, + NSECE,. + NLOAY,, + NEQY,,
+ NINSU!,, + NDERVY,. + NTCREDY,,

FNWH = NDEPO! + NSECH + NLOAY + NEQH + NINSUH
+ NDERVH + NTCREDH

NEQ{' — NEQF,
FNWH,

EQfl:latio,t = (

(NDIV!, + NEQY,, )

AEer:Iatio,t = O'BS*AEQﬁatio,t—l +0.060A NEQ!
t-2

(NDIV{L, + NEQL,,_,)

—0.18E0Q" .. .+ 0.10*
Qratlo,t 1 NEQt{-I—?,

NEQ{ = EQﬁatio,t * FNWtIi1 + NEQﬁv,t
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NEQfr, = ANEQ{' — NEQ7,,

Y NLOAY
LOAratlot_ - YDL{-I

H

I
LOAR ;0 = 0.91" LOArarios_1 + 2.28° (ﬁ) — 0317204
t
— 0.37""Dy016

NLOAE = —L0AH

ratio,t

x* YDH
NLOAY , = ANLOAY — NLOAE, ,

NDEPO!, = NI} + NLad] . — (NSECH., + NLOAL , + NINSUE.,
+ NDERVY, + NTCREDE., + NEQL.,)

NDEPO! = NDEPO!., + NDEPO!., + NDEPOZX,,
NSECH = NSECH, + NSECH, + NSECH,,
NINSUH = NINSU[, + NINSUE , + NINSUE, ,
NDERV} = NDERVH, + NDERVH, + NDERV},
NTCRED,:H = NTCRED! , + NTCRED! , + NTCREDY,

NINTH = rPEP « (NDEPOH + NDERV} + NTCRED}') + rE¢
* NSECtH + rL%4 %« NLOAE

NDIVH = rPVD « NEQH
NOIRH = r/NSU « NINSUH

Financial corporations

B2f¢ = Z PROFIT}  SECYT ™™ + adjfC
1

= >INV e,
YF¢ = B2f¢ + NINTFC + NDIV + NOIRF® + NREFDIf*
+ SCONff — SBEN, ¢ + OCT{¢
YDFC = YF¢ — ITAX[C
SFC = YD*¢ — PENJY
NLEC = SFC — IFC — INVENTFC — NPFC — CTFC

FNLE® = NGOLD{f. + NDEPO{§. + NSEC[E. + NLOALS,
+ NEQFS. + NINSULE. + NDERVES. + NTCREDEE,
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(M.130)
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FNW{fC = NGOLDf® + NDEPO{“ + NSECf® + NLOAEC
+ NEQ{® + NINSUf¢ + NDERV{“ + NTCRED}®

NDEPOff, = —(NDEPONFE + NDEPO!, + NDEPOS,,
+ NDEPOR9Y)

NLOAES, = —(NLOANFE + NLOA!. , + NLOAS, . + NLOAROW

NINSUfS, = —(NINSUNEC + NINSUE , + NINSUE.,
+ NINSUROY

NDERVES = —(NDERVNEC + NDERVE . + NDERVS,
+ NDERVEW

NDEPOf® = NDEPOf®, + NDEPOLS, + NDEPOLE,
NLOAF® = NLOAS, + NLOAE:, + NLOALS,
NINSUf€ = NINSUfS, + NINSUES, + NINSUEE,
NDERVf® = NDERV{Y + NDERVSS + NDERVES,

NSECfS, = NLEC + NLE; 1 — (NGOLDfS, + NDEPOt”
+ NLOALf, + NINSULS + NDIRES, + NCREDES,
+ NEQLS

NSECF® = NSECES, + NSECES, + NSECES,
NGOLDf® = NGOLD{®, + NGOLD{E, + NGOLD[,
NTCRED{® = NTCRED{*, + NTCREDE, + NTCREDEE,

NINTFC = rPEP « (NDEPO + NDERVFC + NTCREDF) + rSE¢
* NSECFC + %4« NLOAEC

NDIVtFC = PP « NEQ{©
NOIR{¢ = r{"*V « NINSU[*

Government

B2§ = Z PROFITY + SETTH™ 4 adjS

n=1
Z INVE2 = S5
CTtot = Z CT! + CL i + GOVipgur + INVEE, . + INVENTEL,

tot
+ Xctax,t
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9
VAT = > VAT + Ciof7 + GOV + INV3,
VATt VATt VATt
n=1

+ INVENT{S: ¢ + X% ¢

9
OPT!ot = Z OTPlLy,

n=1

9
tot — n C GOV INV X
Mduty,t - Z Mduty,t + Mduty,t + Mduty,t + Mduty,t + Mduty,t

n=1
NTAXP™* = CTfO + VAT + ML,
IMTAX,; = M5\, . + OIMTAX,,
NIMTax, = IMTAX, — IMTAX,
ITAXf =036« YH
ITAXNFC = 0.12  YNFC
ITAXFC = 0.08 = Y€
ITAXEOY = ITAXHE + ITAXNFC + ITAXFC + NITAXROW

YDEOV = B2§% + NTAXP™°? + OPT!"°? + NIMTax,
+ITAXEOV" + NINTEOY + NDIVEOY + NOIREOY
+ NREFDIf®" + SCONfEP?V — SBENS?Y + OCTFO

StGOV — YDgOV _ Gagg
t
NL§ = SFO — 1§V — INVENTEOV — NPFOV — CTFOY

FNL®V = NDEPOZYY + NSECESY + NLOAGYY + NEQFSY
+ NINSUESY + NDERVESY + NTCREDESY

FNWEOY = NDEPOF?V + NSECFO” + NLOASOY + NEQFOY
+ NINSUEOV + NDERVEOV + NTCREDEOV

NSEC{.. = NLf + NL3 4, — (NGOLDE,, + NDEPOg,,
+ NLOA{., + NINSUE .+ NDIRS., + NCREDS, .
+ NEQg..)

NSECE = NSECf | + NSECS. . + NSECS, ,
NDEPO§ = NDEPO{_, + NDEPO{,., + NDEPO¢,,
NLOA§ = NLOA?_, + NLOAE. . + NLOAS,,
NEQtG = NEQE—1 + NEQtGr,t + NEQer,t
NINSU§ = NINSUZ | + NINSUS. . + NINSUE, ,
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NDERVE = NDERVE | + NDERVS. . + NDERVS,,
NGOLD{ = NGOLD{ , + NGOLD§. . + NGOLDS,,
NCRED§ = NCREDE | + NCREDS. . + NCREDY, ,

NINTE = rPEP x (NDEPOF + NDERVE + NTCREDE) + r5E¢
* NSECE + 1104 « NLOAS

NDIVE = rPVP « NEQf
NOIR§ = r{NSU « NINSUE
Rest of the world

YDFOW = Mot — xtot + wROW — (NIMTax, + NITAXEOY)
+ NINTROW + NDIVROW + NOIRFOW
+ NREFDIFW 4+ NSCONJPW — NSBENJF?W

+0CTROW
NLROW YDLROW _ CTROW _ NPROW

FNLF" = NGOLDESW + NDEPOESY + NSECEL™W + NLOARSY
+ NEQFSY + NINSUESY + NDERVEOY
+ NTCREDEDY

FNWEOW = NGOLDEY + NDEPOROY + NSECEY + NLOAROW
+ NEQfOW + N1N5U,§0W + NDERVEOW
+ NTCREDEOW

NSECROW = —(NSECNEC + NSECH . + NSECS., + NSECEOW

NTCREDESGY = —(NTCREDYFE + NTCRED!., + NTCREDG.,
+ NTCREDR9Y

NDEPORY = NDEPO}°" + NDEPOROY + NDEPORY
NLOAEW = NLOAF®Y + NLOARY + NLOAROY
NEQF°Y = NEQFY + NEQR%Y + NEQRY
NINSUFO" = NINSUR?Y + NINSURSY + NINSURPY
NDERV{EW = NDERVEIY + NDERVESY + NDERVESY
NGOLDEY = NGOLDFY + NGOLDEY + NGOLDE?Y

NINTROW = rPEP « (NDEPOR°W + NDERVEOW + NTCREDEOY)
+ 15EC « NSECROW + 04 « NLOAROW

NDIVROW — .r.DIVD * NEQ?OW
NOIRROW = y[NSU « NINSUROW
Aggregate variables

105

(M.186)
(M.187)
(M.188)
(M.189)

(M.190)
(M.191)

(M.192)

(M.193)
(M.194)

(M.195)

(M.196)
(M.197)

(M.198)
(M.199)
(M.200)
(M.201)
(M.202)
(M.203)
(M.204)

(M.205)
(M.206)



agg _ ,tot tot duty tot tot
Ct — “dom,t + MC,t + Mcons,t + Cctax,t + CVAT,t

GOV99 = GOVESE,  + MESS, . + My + GOVirare + GOVyar,

INV99 = INVESE, . + Mfg5 . + MY 4 INV pane + INVyar

inv,t

INVENT99 = INVENTSSE, , + M{SGpnr e + MY

invent,t

+ INVENT .tgxt + INVENTy 41 ¢

agg _ ytot tot duty
Xt - Xdom,t + MX,t + Mx,t + Xctax,t + XVAT,t

9 7 9
M;lgg = Z z Z;ft + Z Zyim,e MEE + Mixvenre + MEgye + Migy,
n=1p=1 n=1
+ M
Y; = /99 + GOV, + INV,*99 + INVENT,99 + X199 — M9
YFt = Yt - (CTttOt + VATttOt + OPTttOt + Mfi?tiy,t)
NFC
Wi

YF,

ws; =

ps; =1—ws

I11.) Environmental variables

Energy
ENERGYZ,; = DZVEFSY™ « prod?

sup,t

9
ENERGY{S, = Z ENERGYZ, . + ENERGY
n=1

+ ENERGY[S5t® + ENERGYZE ,

ENERGYQ, . = DENFROY™ « prod?

use,t

9
ENERGY(2L, = Z ENERGY, . + ENERGY}!H , + ENERGYDL,
n=1

+ ENERGYX,,

HH _ pnENERGY,HH _ _.dom
ENERGYyser = Dyser * Cf

Invpliies” = ENERGYL),, — ENERGY.%,

ENERGY __ ENERGY ENERGY
Inv; = Inv/7y + INVpeq ¢
9
9] _ 19] n 19]
COllres,t - COllres,t—l - Z COllsup,t—l + COllotc,t—1
n=1
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. . 2 (M.225)
NTgaS}ge]s,t = NTgaS;‘ge]s,t—l - NTgaS;lxtr,sup,t—l
. n=1
+ NTgasi, .,
Emissions
21 (M.226)
EMISSIONp gger,: = z ENERGY g * EMISSIONC”;IZ?%GY'”
ENERGY=1

EMISSION}pigpcre = EMISSION I EPCT™ « prod}! (M.227)

EMISSION, , = EMISSION}pirpcre + EMISSION S gecr,  (M.228)

EMISSION  fjgcr,e (M.229)
21
= Z ENERGY[H . « EMISSION ;-5 "
ENERGY=1
EMISSION{{} reere = EMISSIONC’(’)VQCI'?ECT'HH + cdom (M.230)

EMISSIONEY, = EMISSION fzor.c + EMISSION{ S irEcr ¢ (M.231)

o (M.232)
EMISSION!°t = Z EMISSION{,, . + EMISSIONEH,
n=1
CO2E™ = CO2" + SF6" + PFC" + HFC! + 25 x CHA™ + 298  (M.233)
* N20[!

CO2ELt = CO2L°t + SF6Lt + PFCIO + HFCL! + 25 « CHALY  (M.234)
+ 298 = N20ft

Environmental taxes

ENVigye = CO2E7 e * CO2EY (M.235)

8.7. Variables & Parameters

Nominal production for domestic industries PRODg,m ¢

Real production for domestic industries prodgom ¢

Nominal cost for domestic industries COST})m ¢

Nominal profits for domestic industries PROFIT
~ Inputsinproduction andtaxes

Real total inputs in domestic production industry n and produced by either domestic or foreign zti n

industry i.

Real inputs in domestic production industry n and produced by domestic industry i. zé{,lm't

Real inputs in domestic production industry nn and produced by foreign industry i. zii,;l’t
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Nominal inputs in domestic production industry n and produced by domestic industry i.

Nominal inputs in domestic production industry n and produced by foreign industry i.
Real inputs in domestic production industry n produced by an unspecified industry
Nominal inputs in domestic production industry n produced by an unspecified industry
Commaodity taxes paid by industry n

Commaodity taxes paid through final consumption by households

Commodity taxes paid through final consumption by government

Commodity taxes paid through spending on investment products

Commaodity taxes paid through spending on inventories.

Commodity taxes paid through exports

Value added taxes paid by industry n

Value added taxes paid through final consumption by households.

Value added taxes paid through final consumption by government.

Value added taxes paid through spending on investment products.

Value added taxes paid through spending on inventories.

Value added taxes paid through exports.

Other production taxes paid by industry n

Non-environmental other production taxes paid by industry n

Import duties paid by industry n

Import duties paid through final consumption by households.

Import duties paid through final consumption by government.
Import duties paid through spending on investment products.
Import duties paid through spending on inventories.

Import duties paid through exports.

Total nominal imports associated with final consumption
Total nominal imports associated with investments
Total nominal imports associated with changes in inventories.
Total nominal imports associated with government spending
Total nominal imports associated with exports

Consumption
Total real consumption
Total nominal consumption
Real consumption in product type p
Nominal consumption in product type p
Real consumption share for industry specific products

Real consumption share for bread products

Real consumption share for meat products

Real consumption share for fish products

Real consumption share for dairy products

Real consumption share for fruit and vegetables products

Real consumption share for other food products

Total real consumption of type p that is domestically produced

Total real consumption of type p that is imported

Total nominal consumption of type p that is domestically produced
Total nominal consumption of type p that is imported

Import share for product type p

Real consumption of product type p produced by domestic industry n.
Real consumption of product type p produced by foreign industry n.
Real unspecified imports associated with final consumption of product type p.
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Nominal consumption of product type p produced by domestic industry n. crr

dom,t
Nominal consumption of product type p produced by foreign industry n. C::npt
Nominal unspecified imports associated with final consumption of product type p. Cﬁim,t
Real consumption in industry n cé‘;%t
Real consumption in foreign industry n Cfr‘r’ft"
Nominal consumption in industry n C;g;ft
Nominal consumption in foreign industry n Citr‘r’:é"
Total real consumption of domestically produced products et
Total real consumption of foreign produced products cfr‘,’ft
Total nominal consumption of domestically produced products Cégfm

tot

Total nominal consumption of foreign produced products b

Total real investments invfet
Total nominal investments INVtet
Total real investment products bought from industry n. invf
Total Nominal investment in products bought from industry n. INV
Real investment supplied by domestic industry n. MVom ¢
Real investment supplied by foreign industry n. inviy,
Real investment supplied though unspecified imports. NVyim ¢
Total real investments supplied by domestic industries. invé‘(’ﬁn't
Total real investments supplied by foreign industries. inviet,
Total nominal investments supplied by domestic industries. INVOE .
Total nominal investments supplied by foreign industries. INVif,‘;ft
Nominal investment supplied though unspecified imports. INVyim ¢
Total real exports xfot
Total nominal exports e
World real imports of industry n products mp
Real exports for industry n. xf
Nominal exports for industry n. X0
Real exports of domestically produced products for industry n. Xdomt
Real exports of foreign produced products for industry n. Xim ¢
Real exports supplied though unspecified imports. i
Nominal exports of domestically produced products for industry n. Xiomt
Nominal exports of foreign produced products for industry n. Tt
Nominal exports supplied though unspecified imports. Xyimt
Total real exports of domestically produced products. X5t
Total real exports of foreign produced products. x{ot,
Total nominal exports of domestically produced products. Xégfm
Total nominal exports of foreign produced products. Xiot,
~ Governmentspending (exogenous in baseline)
Total real Government spending govfot
Total nominal Government spending GOV}t
Real Government spending for industry n. gov}
Nominal Government spending for industry n. GOV
Real government spending of domestically produced products for industry n. JOViom e
Real government spending of foreign produced products for industry n. goVim
Real government spending associated with unspecified imports. 9OVyimt
Nominal Government spending of domestically produced products for industry n. GOVipm e
Nominal government spending of foreign produced products for industry n. GOV ¢
Nominal government spending associated with unspecified imports. GOVyim ¢
Total real government spending of domestically produced products. gové‘l’,ﬁn’t
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Total real government spending for foreign produced products. govfr‘:ft

Total nominal government spending of domestically produced products. GOVj(‘,’fn_t
Total nominal government spending for foreign produced products. GOViﬁ,‘ft
~ Inventories (exogenous in baseline)
Total real change in inventories inventtet
Total nominal change in inventories INVENT/®t
Real change in inventories for industry n. invent]
Nominal change in inventories for industry n. INVENT
Real change in inventories of domestically produced products for industry n. inventg,,
Real change in inventories of foreign produced products for industry n. inventp, .
Real change in inventories associated with unspecified imports. inventyim
Nominal change in inventories of domestically produced products for industry n. INVENTg ) ¢
Nominal change in inventories of foreign produced products for industry n. INVENTg, .
Nominal change in inventories associated with unspecified imports. INVENT, i ¢
Total real change in inventories of domestically produced products. invent 2, .
Total real change in inventories for foreign produced products. inventf,‘,’f_t
Total nominal change in inventories of domestically produced products. INVENTCfg,‘;,t
Total nominal change in inventories for foreign produced products. INVENTES,

Aggregate nominal final consumption Ctagg
Aggregate nominal government spending GOVta‘qg
Aggregate nominal investments INV,99
Aggregate nominal change in inventories INVENT/99
Aggregate nominal exports X199
Aggregate nominal imports M9
Aggregate nominal gross domestic product Y;
- abormarket
Employment in industry n. EMP]
Total employment EMP/°t
Total unemployment UNEM P;
Unemployment rate UR,
Wage bill for industry n. w
Wage rate in industry n. Wagel
General wage Wage?*"
Targeted general wage Wagetge"'T
Productivity in industry n. al
- priceindicesand real exchangerate
Producer price index for industry n. pyl
Producer price index for foreign industries n. pm}
Producer price index for unspecified imports. pmi"
Real exchange rate for industry n. rer{
Nominal exchange rate X1t
Tax adjusted consumer price index for product type p. ppcon?t®*
Tax-rate for product type p. taxfate't
Consumer price index for domestically produced products of product type p. ppcongom't
Consumer price index for foreign produced products of product type p. ppconlpm_t
Real exchange rate for product type p. rertp

Note: The notation for industries (n) covers the following industries: Agricultural, Forestry, Fishery, Mining,
Manufacturing of food, Energy supply and refineries, Other energy intensive industries, Financial corporations, Other
industries.
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The notation for product types (p) covers the following products: bread (c}?), meat (c}2°), fish (c}3°), dairy (c}
fruits and vegetables (c°°), other food products (c#8°), and finally industry specific products (c;

Sector level variables

Sectoral gross operation surplus

Sectoral nominal investments

Sectoral nominal change in inventories.

Sectoral nominal income received.

Sectoral net income received from interest bearing assets.
Sectoral net income received from dividends.
Sectoral net income received from other investments.
Sectoral net income received from retained earnings on FDI.
Sectoral net other current transfers

Sectoral disposable income.

Sectoral savings.

Sectoral net lending

Sectoral acquisition less disposals of non-produced non-financial
assets.

Sectoral capital transfers

Sectoral financial net lending.

Sectoral net transactions of deposits.

Sectoral net transactions of securities.

Sectoral net transactions of Loans.

Sectoral net transactions of equities.

Sectoral net transactions of insurance/tech. reserves.
Sectoral net transactions of financial derivatives.
Sectoral net transactions of trade credits.

Sectoral net transactions of gold.

Sectoral financial net wealth.

Sectoral stock of net deposits.

Sectoral stock of net securities.

Sectoral stock of net loans.

Sectoral stock of net equities.

Sectoral stock of net insurance/tech. reserves.
Sectoral stock of net financial derivatives.

Sectoral stock of net trade credits.

Sectoral stock of net gold.

Loans to capital ratio for non-financial corporations
Sectoral net lending adjustment term.

Total wage bill paid by non-financial corporations.
Total wage bill received by domestic households

Net wage bill received by foreign workers.

Number of people unemployed

Number of people in the labor force

Unemployment rate

Sectoral social contributions.

Sectoral social benefits.

Sectoral income tax

Adjustment term for household’s pension.
Households share of net equities held to total financial wealth
Households share of loans to disposable income.
Total net production taxes

Total net other production taxes

Total net import taxes
Import taxes received by Denmark
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Import taxes paid by Denmark IMTAX,

Other net import taxes paid by Denmark. OIMTAX, .
Interest rate on securities rSEC
Interest rate on deposits rPEPO
Interest rate on loans 1
Interest rate on dividends rPIvp
Interest rate on pensions and insurance T
Sectoral real capital stock ENFC K, kEC kS
Sectoral nominal capital stock KNFC K KEC KE
capacity utilization rate U

Energy supply in industry n. BRIEIREN G
Energy supply imported. ENERGYS’Zp,t
Energy supply in the form of waste. ENERGYg 35t
Energy supply in the form of renewable energy. ENERGYS’fﬁ,I
Total energy supply ENERGYs; .
Energy usage in industry n. ENERGY}, .
Energy exported for usage outside Denmark ENERGY,f‘SQ_t
Distribution losses related to energy usage. ENERGY,0L .
Energy usage by households. ENERGY;(,
Change in inventories for energy types. InvgJERSY
Inventory stock of energy. I thE NERGY
New discoveries of crude oil reserves. (Joilf,’tjc’t_1
Stock of crude oil reserve. COilfJS,t
New discoveries of natural gas for extraction reserves. NTgaSgt]c,t—l
Stock of natural gas for extraction reserve. NTgaS';‘qejs,t
S Emissions
Emission for industry n directly related to energy. EMISSION recr ¢
Emission for industry n unrelated to energy. EMISSION,’}VD,RECT_t
Total emissions for industry n (both direct and indirect) EMISSION{, .
Emissions for households directly related to energy. EMISSION[)’,%EC”
Emissions for households unrelated to energy. EMISSIONSH rgcr e
Total emissions for households. EMISSION{Y,
Total emissions in the Danish economy EMISSION{*
CO2-equivelant emissions for each industry n. CO2E}
Total CO2-equivelant emissions in the Danish economy. CO2E!°t

Note: The notation for energy (ENERGY) covers the 21 types of energy (Coil (crude oil), Qilp: Oil products), RefG
(Refinery gas), GasT (Gasoline for transportation), FGas (jet fuel), FGasBunk (Jet fuel bunkered), DieT (Diesel for
transportation), DietTBunk (Diesel for transportation - bunkered), NGasExt (Natural gas extraction), NGasCons (Natural
gas consumption —incl. city gas), CC (coal and smoke), Waste (Waste), RE (Renewable energy), Straw (Straw), FW
(Firewood and wood chips), WP (wood pellets), BioG (Bio gas), BBB (Biodiesel, bioethanol and bio oil), El (electricity),
DHeat (District heat).).

The notation for emissions (EMISSION) covers the 6 types of emissions (CO2 (carbon dioxide), N20 (nitrous oxide),
CH4 (methane), SF6 (sulfur hexafluoride), PFC (perfluorocarbons), and HFC (Hydrofluorocarbons))

The notation for industries (n) covers the following industries: Agricultural, Forestry, Fishery, Mining, Manufacturing of
food, Energy supply and refineries, Other energy intensive industries, Financial corporations, Other industries.
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Technical coefficient relating output for industry n to inputs
bought by industry n in industry i.

Import share for industry n.

Import share of investment products for industry n.

Import share of exports for industry n.

Intercept in the equation for import shares for product
type p in final consumption.

Intercept in the equation for import shares for product
type p for industries.

Import elasticity for final consumption in product type p.
Import elasticity for inputs produced by industry n.

Wage premium for industry n.

Wage bargaining parameter for industry n.

Share of product p supplied by domestic industry n for final
consumption

Share of product p supplied by foreign industry n for final
consumption

Share of investment products bought from industry n.
Share of unspecified imports to total production in industry
n.

Share of unspecified imports to total production for final
good p.

Share of unspecified imports to total investments.

Parameter set to match first observation in consumption
share ;{p .

Rate of substitution for consumption in nest 1.

Rate of substitution for consumption in nest 2

Intercept in export equation. Set to match starting value of

xp .
L for industry n.

mn
mg

Export elasticity of industry n.

Interest rate on deposits

Interest rate on securities

Interest rate on loans

Interest rate on dividends

Interest rate on insurance, pension, and standardized
guarantee schemes.

Price index for import in industry n.

Price index for unspecified imports.

Mark-up rate for industry n.

Share of industry n gross operating surplus and mixed
income associated with the household sector.

Share of industry n gross operating surplus and mixed
income associated with the financial corporation sector.
Share of industry n gross operating surplus and mixed
income associated with the government sector.
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Share distributing total investments to the household Sgy
sector.

Share distributing total investments to the financial S,
corporation sector. '
Share distributing total investments to the government RYind
sector. ’
Adjustment term used in import equation for industries adj;}_t
Adjustment term used for import equation for final adjgrt
consumption products.

Adjustment term used in export equation for industries. adjy,
Adjustment term used in the transition of profits from adj!
industry to sectoral level.

Adjustment term used in the transition of profits from adjfc
industry to sectoral level

Adjustment term used in the transition of profits from adj?

industry to sectoral level
Environmental parameters

Energy supply coefficient for industry n. Dflﬁff‘;y'”
Energy usage coefficient for industry n. Dfé"ffcy'n
Energy usage coefficient for households. Dﬂ":f‘;y"”’
Emission coefficient for emissions directly from energy EM]SS[ONCE‘)’Z}EiGY'”
usage in industry n.

Emission coefficient for emissions not directly from energy EM]SS]ONC’(’)Vel}{fECT'”
usage in industry n.

Emission coefficient for emissions directly from energy EM[SS]ONCEO’Z}EcﬁGY'HH
usage by households.

Emission coefficient for emissions not directly from energy EM]SSIONCI(’)";}”?ECT'HH
usage by the households.

CO2-equivelant tax rate for each industry n. CO2E] .,

Note: The notation for energy (ENERGY) covers the 21 types of energy (Coil (crude oil), Qilp: Oil products), RefG
(Refinery gas), GasT (Gasoline for transportation), FGas (jet fuel), FGasBunk (Jet fuel bunkered), DieT (Diesel for
transportation), DietTBunk (Diesel for transportation - bunkered), NGasExt (Natural gas extraction), NGasCons (Natural
gas consumption —incl. city gas), CC (coal and smoke), Waste (Waste), RE (Renewable energy), Straw (Straw), FW
(Firewood and wood chips), WP (wood pellets), BioG (Bio gas), BBB (Biodiesel, bioethanol and bio oil), El (electricity),
DHeat (District heat).).

The notation for emissions (EMISSION) covers the 6 types of emissions (CO2 (carbon dioxide), N20 (nitrous oxide),
CH4 (methane), SF6 (sulfur hexafluoride), PFC (perfluorocarbons), and HFC (Hydrofluorocarbons))

The notation for industries (n) covers the following industries: Agricultural, Forestry, Fishery, Mining, Manufacturing of
food, Energy supply and refineries, Other energy intensive industries, Financial corporations, Other industries.

The notation for product types (p) covers the following products: bread (c}19), meat (c}2°), fish (c}3°), dairy (c}*?),

fruits and vegetables (c£°), other food products (c£8°), and finally industry specific products (c,;”).
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