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MAKRO: MODELING CHOICES
MODEL OVERVIEW AND APPROACH

Model overview and approach

MAKRO is a large, empirically based macroeconomic model of the Danish economy, the pur-
pose of which is to serve as a tool for medium and long-term projections, short and long run
policy impact assessment, and long run fiscal policy sustainability measurement. At a later
stage, the model should be able to incorporate short-term economic forecasts into its pro-
jections. The model's description of the structural development in the economy is an inte-
grated part of the description of adjustments to shocks in the economy.

The first working version of MAKRO is a beta version where the bulk of theoretical modeling
and empirical foundation are in place. Subsequently, there will be a period in which the Min-
istry of Finance in collaboration with the MAKRO group will start implementing the model
and prepare the model for full use. During this implementation period, users will have the
opportunity to build up practical experience using the model

During this period, changes and further improvements of the model will be made to the ini-
tial beta version. These adjustments will be based on the experience already gained from de-
veloping the model as well as external input in connection with the publication of the
model. The essential model framework however, is reflected in the initial beta version.
Hence, the basic properties and how the model will perform when implemented is to a large
extend reflected in the beta version.

The purpose of this paper is to provide an overview of the beta version of the model, as well
as to describe and explain the background for the key modeling choices made in the various
areas of the model. In this way, the paper aims to provide an overall, relatively easily accessi-
ble and non-technical introduction to MAKRO. A detailed technical description of the model-
ing of all agents and markets can be found in the technical documentation. The empirical
strategy behind the model, the model's conformity with the empirical data and properties of
central shocks are described separately in separate notes. Together, these notes form the
core of the documentation, supplemented by working papers on various topics.

This document is structured as follows: We first offer a brief description of the purpose of
MAKRO and of the basic modeling choices made, followed by an overview of the model
structure. Subsequent sections discuss modeling choices within each of the model's main ar-
eas, which are households, firms, the labor market, the public sector, and the rest of the
world.
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The purpose of MAKRO

MAKRO will be used by the Ministry of Finance for the purposes of
1. business cycle assessments (primarily as a framework, cf. below).
2. medium and long run projections.

3. impact assessments of policy measures and exogenous shocks.

MAKRO will be used for the same overall tasks as the ADAM model is currently used for in
the Ministry of Finance. It is therefore important that MAKRO maintains the key strengths of
ADAM, such as the level of detail in the description of public finances and a comprehensive,
high-quality database.

In addition, the very purpose of the development of MAKRO has been to update the model
framework in use so that it incorporates and reflects recent empirical methods and results
from the economic literature. This has required a new approach to the empirical foundation
of the model as well as to the modeling of expectation formation and behavior. The benefits
of these changes will primarily relate to points 2 and 3 in the above.

Central in the development of MAKRO is the behavioral properties pertaining to the short
and medium term adjustment towards the economy’s structural levels in the face of various
types of shocks and policy interventions, for example an increase in the labor supply. In addi-
tion, the modeling of firms” investment decisions and households’ consumption and savings
decisions is based on recent economic research etc.

Against this background, a number of factors have been emphasized in the development of
the model.

First, the model is based on a broad empirical approach. In macroeconometric models, the
time series estimation of each single equation as an empirical basis. The empirical foundation
of MAKRO has a broader scope, in the sense that different approaches and results comple-
ment each other to a larger extend. This includes the fact that the description of the short
run adjustment to various types of shocks a directly based on empirical analyses of the rele-
vant speed of adjustment.

Second, emphasis is placed on the fact that the model takes into account the effects of ex-
pectations. MAKRO is built to take into account that the consequences of a shock to the
economy in the short term may depend on whether the shock is permanent or temporary.
For example, an increase in the households’ income in a given year will have different effects
on the consumption, depending on whether the increase in income is a one off payment or
is lasting. This requires that firms and households to some extend have forward-looking ex-
pectations.

Third, the modeling of behavior is as a starting point theoretically well founded, in the sense
that firms and households are trying to achieve the best possible outcome given the frame-
work conditions and any restrictions (eg credit constraints, incomplete information, etc.)
that they face.

Fourth, an explicit formulation is given of consumption and savings decisions of the house-
holds over the entire life cycle. This is done among other things to take into account the ef-
fects of demography on consumption and savings.

Finally, it is important that the model includes measures of of cyclical gaps and structural
levels of (among other) employment and output. This ensures that the model can describe
the economic adjustment to the (potentially changed) structural levels after a given shock.
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A special focus for the use of the model by the Ministry of Finance is the analysis of public
finances, including the fiscal sustainability indicator. Given this key purpose, emphasis has
been placed on a detailed description of factors, which are relevant in this regard. The in-
cludes a detailed description of the structural factors that are also important for the econ-
omy as a whole: the age structure of the population, labor market participation, the evolu-
tion of the level of education in the population, the forecast of oil and gas revenues from
the North Sea, etc. The population data from the Ministry of Finance and the Pension Model
from DREAM are used to project some of these series!’

The sustainability indicator, which reflects whether the projected government revenues are
sufficient to cover the projected expenditures, can also (to a certain extend) be affected by
temporary factors regarding the short and medium term adjustment to the structural levels
of the economy. If the government needs extra borrowing for a temporary period, future
interest expenses could affect the sustainability of fiscal policy. Such temporary conditions is
part of MAKRO, along with more structural conditions.

MAKRO is a relatively large macroeconomic model. To avoid making the model unnecessarily
complicated, from the beginning of the project it has been important to keep in mind what
/s notthe purpose of the model. This pertains to, among other things, which elements of the
projections and impact assessments that will (still) be done outside of the framework of the
MAKRO model. Examples includes when other - and for the specific purpose more appropri-
ate - models are used.

As a consequence hereof, the development of MAKRO reflects the fact that a number of fac-
tors has not been prioritized — and consciously so.

First, it is the aim of the model that it should fundamentally be able to do more or be used
differently in connection with business cycle assessments than is the case with ADAM today.
The development of MAKRO has not taken place with the aim that the business cycle pro-
jections must to a large extent be based on model-generated short-term projections.
MAKRO will thus primarily constitute a consistent framework for preparing the business cy-
cle projections. The actual estimate of the behavior in the Danish economy for the projection
years - both in detail and aggregated - will to a large extent continue to be made explicitly
by the model users on the basis of a large number of indicators and estimates made outside
the model.

Second, it is not the aim of the model that it should be used for endogenous projections of
the population and the structural employment. Projections of demography and structural
employment used in the model-generated projection by MAKRO will still be done separately
in an external model developed by the Ministry of Finance specifically for this purpose.
Hence, these projections will - as is the case with ADAM today - constitute an exogenous
input to MAKRO.

Finally, it is not the aim that MAKRO should be used for assessments of the effects on struc-
tural employment in face of specific policy interventions. This is similar to other Danish mac-
roeconomic models. The reason for this is the fact that assessments of such structural effects
requires that the nature and effects of such interventions are included. This, in turn, requires
that information is incorporated in such a detailed level that it is not feasible to include di-
rectly in a macroeconomic model. Hence, structural effects of policy interventions on the

T A stylized and provisional model projection is part of the beta version of the model. The primary purpose for this is
to serve as a foundation from which the marginal properties of the model in face of shocks can be assessed. This
projection is not an actual forecast of the Danish economy under the current economic policy and does not in-
clude, among other things, the effects of the corona-crisis.
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employment will still be assessed outside of the model and provided as exogenous input
through the mentioned external model.

Overall, the transition to MAKRO does not represent a dramatic change in the use of macro-
economic models or in the resulting projections and impact assessments made by the Minis-
try of Finance. Rather, it is a natural methodological development in the way these tasks are
performed.

Despite the improvements which are sought to be achieved, MAKRO is not a flawless model
which can unanimously be said to be correct - such a model does not exist. With MAKRO -
as is the case with all models - the model user has the final responsibility for the analysis, in-
cluding the assumptions which the results are based on. In addition, it will be necessary (as
with other large-scale models) to, continually develop the model, reconsider its properties,
etc.

Model Structure

As mentioned in the introduction, the goal is for MAKRO to have both good short-term and
long-term properties. This goal is achieved by formulating MAKRO as a long-term structural
model to which short-term real and nominal frictions are added.

As MAKRO is a comprehensive model with a lot of institutional detail, it has been chosen to
disregard explicit modeling of uncertainty (stochastics), as is otherwise known from DSGE
models. However, as uncertainty about the future may be an important factor behind the
behavior of households and firms, the effect of uncertainty is added via specific elements
such as risk premiums in firms and an element of precautionary savings in households, cf. fur-
ther below and in the note 7he Empirical Foundation of MAKRO.

The long-term structural characteristics of MAKRO are based on (many) representative
agents (the most important are households by age and firms by sector) with micro-founded
behavior and an element of forward-looking expectations. Similarly, short-term frictions is,
as far as possible, micro-founded and based on the forward-looking expectations of agents.
Considerations of the overall model type, including the balance between consideration of
empirical data and theoretical rigor, are described in The Empirical Foundation for MACRO.

Expectations

By forward-looking expectations we mean that firms and households include information
about future changes in their framework conditions and the economy more generally in their
formation of expectations. These can be changes in factors such as the tax system, the re-
tirement age, fiscal policy in general, the level of education, demographics, etc. Knowledge
of the future is, among other things, crucial for the model to provide an idea of the differ-
ence in the effects of temporary and permanent shocks to the economy.

Forward-looking expectations are in contrast to so-called static or adaptive expectations,
where the agents only form their expectations for the future on the basis of the hitherto ob-
served development in framework conditions and the economy in general (backward-look-
ing expectations). Empirically, there are a number of signs of the relevance of forward-look-
ing in the formation of expectations, including that households react in advance to known
income changes, that firms' employment and investment decisions depend on expectations
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of future framework conditions and that asset prices react to news of future changes in the
effective return.2?

In MAKRO, the starting point for the modeling of firms' and consumers' forward-looking ex-
pectations is that these are model-consistent (or rational), such that the agents' expecta-
tions are in accordance with the model's predictions, and that no systematic expectations
errors are committed in relation to this. This type of forward-looking expectations is wide-
spread in modern macroeconomic models. However, there are a number of reasons why fully
model-consistent expectations are not realistic in its purest form. The agents' expectation
formation may, for example, be subject to different types of frictions in relation to the acqui-
sition of precise information about current or future economic conditions, or the agents may
be limited in their ability to form model-consistent expectations on the basis of this infor-
mation. Models with full model consistent expectation formation therefore often have chal-
lenges in matching empirical results regarding the economy's adaptation to shocks.

Therefore, the modeling of the behavior in MACRO contains elements that (explicitly or im-
plicitly) can contribute to the agents' behavior reflecting less than full model-consistent ex-
pectation formation. A proportion of households make their consumption decision solely on
the basis of current conditions and do not form forward-looking expectations (the so-called
H2Ms, who simply use the entire current income, cf. below). Furthermore, the proportion of
households that form forward-looking expectations does not fully respond to the model's
expected house price changes when they have to distribute their total consumption on resp.
housing and other consumption.? Finally, in MAKRO there is a financial accelerator, which
means that the firms' level of investment is more closely related to the current economic ac-
tivity than it would otherwise be - roughly equivalent to the effect of a partially static or
adaptive expectation formation. These conditions are described in more detail in the sec-
tions on the individual areas of the model below. The quantitative significance of these ele-
ments is determined as part of the matching of the model to empirical results for the econo-
my's overall adaptation to shocks, cf. also 7The Empirical Foundation of MAKRO. Towards full
commissioning in the Ministry of Finance (and subsequently), work can continue on the for-
mation of expectations in MAKRO, including how less than fully rational or model-consistent
expectations are incorporated or taken into account.

2 There are a large number of Danish and foreign studies that indicate that forward-looking expectations are rele-
vant. For Denmark, these include changes in interest expenses (Druedahl et al, 2021) and capitalization effects of
housing taxation (Hgj & Schou, 2018). On American data, studies find, among other things, that announced tax
changes affect investments etc. (Mertens & Ravn, 2012) and stock prices (Lang & Shackelford, 2000) after they are
adopted, but before they are implemented.

w

It is noted that the formation of expectations in isolation will typically play a greater role for the short- and me-
dium-term effects of shocks (including first-year effects) than for the long-term effects. But even in a situation
where overall (ie, including effects of differences in modeling, estimation, and calibration that go beyond expecta-
tions), comparable first-year and long-term effects of a given shock across different macroeconomic models are
achieved, it can be of great importance for the models' predictions about the intermediate course (the adjustment
of the economy), whether - and to what extent and in what way - the expectations are modeled as forward-look-
ing.

4 This “limited rationality” can be understood both in the way that they systematically underestimate future house
price changes or that for other reasons they do not let expectations of house price changes be fully reflected in
their behavior.
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Households, Firms, Government, and the Rest of the World

Households

There are two types of households in the model. Those that have free access to capital mar-
kets and those that are financially constrained. The financially constrained are denominated
“hand-to-mouth” (H2M).

Unconstrained households choose optimally their savings (or alternatively their overall cur-
rent consumption), the amount of housing to own, and their labor market search effort. All
of these are dynamic forward-looking decisions. They also make a number of static con-
sumption composition decisions.

The financially constrained are restricted to have zero non-housing financial assets. This is an
extreme form of modeling the costs of saving and of borrowing, brought to mainstream
macroeconomics by Campbell and Mankiw (1989). We further simplify the modeling of H2M
agents by imposing an exogenous rule linking housing and non-durable consumption. They
retain one forward-looking decision, which is the labor market decision. The labor market de-
cision is formulated such that both unconstrained and H2M agents have the same search ef-
fort and employment levels. H2M agents perform an important function in the model as they
raise the aggregate marginal propensity to consume out of an income shock due to the fact
that they cannot save.

All of these choices are age dependent. The key modeling choice on the household side is to
have a detailed characterization of the life cycle. Each cohort is therefore a separate agent,
and cohorts live to age 100. The different living cohorts are part of an overlapping genera-
tions (OLG) structure.

Firms

There are nine production sectors in the model, one of them being the public sector. These
nine sectors are obtained from the data by aggregating finer industrial classifications in the
national accounts. The limited number of sectors is a consequence of the fact that it is not
computationally feasible to model a complete disaggregation of production. Nevertheless,
the disaggregation we use provides the model with rich sectoral dynamics and is important
to replicate the differential sectoral impact of shocks and policy in the economy.

Firms in each sector produce goods and services by combining inputs of physical capital, la-
bor, and intermediate inputs (materials) with a production technology (the production func-
tion) which is a constant elasticity of substitution (CES) structure with constant returns to
scale. Due to constant returns to scale, long-run output prices are cost-determined and out-
put quantities are demand determined.

Firms make positive profits due to imperfect competition in the product market, which al-
lows them to set prices higher than the marginal unit costs of production. Price setting is
modeled such that prices react slowly to shocks, implying markups vary over the business
cycle.

Firms are able to choose the optimal degree of utilization of production inputs. This means
that, in the short term, output can move beyond what would otherwise be possible given

the quantity of inputs. This mechanism is essential to be able to reproduce the pro-cyclical
nature of labor productivity found in the data.

Investment accumulates the capital stocks of equipment (machinery) and structures (build-
ings) through the standard perpetual inventory accumulation equation. The choice of opti-
mal investment is a forward-looking one, and trades off the cost of investment today

DREAM - MAKRO 8



MAKRO: MODELING CHOICES
MODEL OVERVIEW AND APPROACH

against the future marginal product of capital gains generated by the marginal unit of in-
vestment, which depreciates slowly over time. Any elements such as interest rates (oppor-
tunity costs), taxes, depreciation, and future (expected) resale prices of the capital good, im-
pact the investment decision. Installation costs induce gradual adjustment of the capital
stock and time to build of one period ensures the decision is forward-looking even in the ab-
sence of adjustment costs.

Firms are described as joint stock companies that maximize their value. Outstanding shares
are owned by households, pension companies, companies and the rest of the world. The
price of domestic shares depends on the companies 'future earnings and the investors' re-
turn requirements.

Labor market

Employment and wages are determined in a search and matching labor market where firms
post vacancies and unemployed workers look for jobs. The two sides meet and employment
results from the matching technology, which captures the labor market imperfection re-
sponsible for involuntary unemployment. This technology ensures that it is not possible for
everyone to find employment or for every vacancy to be filled.

The matching friction differs from the search friction. The latter determines that if a worker
fails to find a job he has to wait one period (a “time to build” type of assumption) before
searching again. The two frictions are necessary to generate unemployment.

Wages are determined by bargaining between representatives of employers and employees.
Only a fraction of contracts are negotiated in any given year. This gives rise to inertia in the
average wage faced by households and firms. The sluggish wage formation is crucial for the
model to be able to describe temporary deviations in actual employment around the struc-
tural level when the economy is hit by various shocks. It is because prices cannot adjust
completely that quantities deviate from their long run levels. This is essential to reproduce
the movement of employment and unemployment over the business cycle.

Government and the rest of the world

The public sector is mainly an accounting system rather than a behavioral model, where dif-
ferent items are indexed to objects such as population, employment, or gross domestic
product. The fundamental characteristic of this part of the model is the level of detail with
which both revenues and expenditures are described.

The rest of the world enters MAKRO through three objects. The interest rate, the prices of
foreign goods, and the demand for Danish exports. The demand for exports is based on the
theoretical Armington specification, expanded to ensure we are able to characterize the
data. It is essential that we do so because exports represent a large fraction of aggregate de-
mand directed at domestic production. The interest rate is determined in the world market.
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Households

Private consumption accounts for circa half of GDP and is the largest single item in aggre-
gate demand. Households therefore play a central role in the economy and it is fundamental
to model their decisions carefully. The theoretical foundation we use is the life cycle model
embedded in an overlapping generations structure. The description of the households starts
from the perspective of the OLG structure of the model, which implies that consumption
and savings for each cohort it seen in a life cycle perspective.

This section provides a brief description of more recent developments in the understanding
of private consumption (section 2.1). To the extent that some degree of consensus can be
said to have been achieved, some of the central sty/ized facts within the empirical and theo-
retical research are highlighted. This is to a large extent concerned with frictions which im-
plies that the chosen level of consumption deviates from what is implied by the simple life
cycle model. The section subsequently gives a non-technical description of how consumers
are specifically modeled in MAKRO (section 2.2). In general terms, this pertains to the over-
lapping generations, the utility function of consumers, their budget constraint, and the way
in which different sources of data. The modeling of housing consumption is described in a
separate section (section 2.3).

Understanding Consumption

The central features of the data we work with are, first, that average household income dis-
plays the usual hump shaped pattern with a flat top between ages 40 to 60, rising in the
early part of the life cycle and falling after retirement.

Second, the average household has little net non-housing financial wealth until around age
40, after which wealth accumulates significantly until the end of life without really decreas-
ing. The old do not eat enough. Significant wealth is left as bequests after death, and this
amount is hard to replicate, even with generous bequest motives and a strong intertemporal
preference for the future (for saving). On the other hand, if households derive utility directly
from wealth, this accumulation of wealth late in life becomes easier to replicate. At the op-
posite end of the life cycle, average wealth is never significantly negative for the average
young cohort.

The last key life cycle data pattern is that of housing. Average owned housing starts at zero,
peaks around age 60 and then drops to a lower value of around 40% of peak at the end of
life, implying significant housing wealth is also left as bequests.

These patterns refer to the average values of these variables taken over all households of a
given age. They hide, as all averages do, a significant amount of heterogeneity, particularly in
income and non-housing wealth, that MAKRO cannot handle. The presence of more than 80
different cohorts alive at any given moment, plus the separation of financially constrained
(H2M) from unconstrained households already provides a significant amount of heterogene-
ity for the model to work with.

In addition to matching these life cycle patterns, there are marginal features of the data
which the literature has looked into, and which the model should match.

Private consumption generally responds more to known and to temporary income changes
than the simple life cycle model predicts. This is true empirically both in aggregate data and
in microeconomic studies. The data then indicates that it is not only lifetime income that
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drives private consumption (the permanent income hypothesis), but that the timing of in-
come also plays a significant role. This marginal prediction can be linked to the absence of
significant debt at young ages through limited access to credit. Credit constraints would
both limit the amount of debt for the young, and induce their consumption to react more to
income shocks.

In MAKRO our H2M agents are the simplified way in which we introduce credit constrained
agents in the model. We can induce similar behavior for the financially unconstrained house-
holds through the shape of the utility function. This is akin to the idea of precautionary sav-
ings. Precautionary savings are the result of uncertainty, but the mechanism works through
the utility function. With enough concavity - think log utility — even the remote possibility of
permanent zero income with associated zero consumption implies the agent will never bor-
row. In the absence of uninsurable random income, one can parameterize the utility function
to achieve a similar result.

On the other hand, consumption responds /ess to permanent income shocks than the simple
life cycle model predicts. It reacts sluggishly rather than jumping immediately to the new life
cycle optimum as one would expect of a permanent shock. It is not because permanent in-
come is not volatile that consumption is smooth. In fact, permanent income is volatile.
Something else, such as habits in the utility function, induces it to adjust slowly to changes
in permanent income.

These extensions to the canonical life cycle model are well established and were achieved
decades ago. Sumaries of consumption research can be read in Angus Deaton’s book and in
the article by Browning and Crossley on the life cycle model. The title above “Understanding
Consumption” is stolen from Deaton’s book.

Households

In the previous paragraphs we have hinted at the different extensions to the canonical life
cycle model that allow the theory, and the MAKRO model, to match the data. We now go
into additional detail, and supplement the description, particularly with more housing-re-

lated content.

MAKRO provides both a description of aggregate consumption and wealth, and of the life
cycle profiles of the same objects. As there is no data at the individual level for private con-
sumption, this variable is imputed through the age specific budget constraints using register
data for income and wealth, and it is done so that after aggregating over age total con-
sumption and wealth match the national accounts data. The construction of the imputed
consumption profiles is described in Hoeck & Bonde (2021). With this data we can estimate
the key parameters in household preferences. An early fundamental reference in estimation
of the life cycle model is Gourinchas and Parker (2003). Their exercise is to use the rich life
cycle data to estimate two constants. the intertemporal utility discount rate, and the curva-
ture of the utility function. Estimating two constants is a minimaly intrusive exercise. If the
discount rate and the curvature of utility were, for example, allowed to vary with age, one
could fit their entire life cycle exactly, rendering their model irrelevant. MAKRO has heavy
requirements to fit data, yet our estimation approach follows the minimalist philosophy of
those authors.

Overlapping Generations

The overlapping generations (OLG) structure allows the life cycle to enter the model. Macro
models with infinitely lived agents (Ramsey models) are equivalent to models where each
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agent lives for one period but cares in a very specific way about the utility of the cohort
alive the following period. These cohorts do not need to overlap because they do not have a
life cycle. Once the life cycle became the main tool of consumption analysis, the OLG struc-
ture became essential.

Each age group is representative of one cohort.® The model uses the demographic projec-
tions made in collaboration between DREAM and Statistics Denmark. In the model, the rep-
resentative households enter the labor market aged 15, start making optimal consumption
decisions aged 18, and die the year they turn 100 years old.®

This long and encompassing life cycle is ideally suited for policy analysis. The modern empha-
sis of macroeconomics recognizes that in order to understand the aggregate effects of pol-
icy these effects must be, as much as possible, aggregated from the respective impact on
individual and heterogeneous agents. In particular, the detailed fiscal policy analysis de-
manded of MAKRO requires it. The Ministry of Finance therefore makes separate forecasts of
population, education levels, structural employment, and population distribution by socio-
economic groups and by age. Finally, a separate model generates a cohort-based forecast of
pension contributions and payments as well as of the assets of pension funds.

This does not imply other models are useless. DSGE models with a higher level of aggrega-
tion are widely used by central banks (see Smets et al, 2010). It is, however, increasingly ac-
cepted that the life cycle is crucial to understand the aggregate marginal propensity to con-
sume, and the marginal propensity to consume is a key factor policy makers take into ac-
count.

Non-durable consumption is of course not the only important object in household behavior.
Age is fundamental to understand the accumulation of housing and non-housing wealth,
and of pension assets, as well as bequests (Davies & Shorrocks, 1999). And it is important to
look at the life cycle to understand the aggregate marginal propensity to consume. Looking
at studies on Danish data, age is key for the marginal propensity to consume out of in-
creased income (Kreiner et al, 2019), out of housing wealth (Hviid & Kuchler, 2017), just as it is
important for the probability of moving between unemployment and employment
(Kronborg & Stephensen, 2019, Ejarque, 2021).

Non-forward-looking households (hand-to-mouth)

A fraction of consumers neither borrow nor save and their status never changes over the life
cycle. Campbell & Mankiw (1989) show that including these agents helps to explain what Fla-
vin (1981) called the "excessive sensitivity" of consumption to temporary income shocks, and
this modeling strategy is used by the European Commission, the International Monetary
Fund, Quest Il (Ratto et al, 2008) and GIMF (Kumhof et al, 2010), respectively, where their
share is anywhere between 25 and 50%. The mechanism is simple. If we force a fraction of
the population to have a marginal propensity to consume (MPC) equal to 1, they will com-
pensate for the low MPC of unconstrained and intertemporal smoothing households and
raise the resulting average.

In MAKRO these households own housing. And their financially constrained status does not
preclude them from making optimal forward-looking decisions regarding how much to in-
vest in owned housing. This is how the problem of the “wealthy hand-to-mouth” is treated in
the macroeconomic literature (Kaplan, Giovanni, and Weidner (2014)). However, as men-
tioned, we simplify this part of the model and impose an ad-hoc rule linking their owned

® All men and women of a given age, plus the children of these women.
8 For each cohort there are two representative households. One constrained, and one unconstrained.
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housing stock and their non-durable consumption. This static rule replaces the forward-look-
ing first order condition and induces housing expenditure and non-durable consumption to
move slightly more in tandem for these agents. Crawley & Kuchler (2018) show how Danish
households, which are characterized by having a high marginal propensity to consume, owns
either relativel few assets or own a relatively large amount of housing assets but few liquid
assets.

Housing wealth is net of mortgage debt, which we also have in MAKRO. Mortgage debt is
the largest single debt item in the economy, and it is of course connected to the largest as-
set owned by most households. And our H2M agents also have mortgage debt.

Allowing the model to contain a representative household that consumes closer to their cur-
rent income than the forward-looking (intertemporally optimizing) households contributes
to a higher marginal propensity to consume in MAKRO, which is supported by the empirical
evidence. Campbell & Mankiw (1990) estimate the proportion of H2Ms to be around 50% for
the United States on aggregate time series data. U.S. micro-data studies looking at tempo-
rary tax rebates during the 2001 crises (Shapiro & Slemrod, 2003 and Johnson, Parker &
Souleles, 2006) and 2008 (Sahm, Shapiro & Slemrod, 2010 and Parker et al, 2013) find a mar-
ginal propensity to consume of 20 to 40% within a few weeks. Similar results are found in a
number of recent Danish studies, e.g. Jargensen & Kuchler (2017), Crawley & Kuchler (2018)
and Kreiner et al (2019), which indicate that the marginal propensity to consume out of one-
off or temporary income can be as high as 50 to 60%. The latter, which is based on question-
naires, however, finds a pronounced heterogeneity, so that the average propensity to con-
sume of 60% primarily reflects an average of persons who consume either all or none of the
SP amount paid, which supports the chosen modeling in MAKRO. Yde (2018) finds on de-
tailed register data a propensity to consume of around 42% for the tax-free repayment of
early retirement contributions for persons who opted out of the early retirement scheme in
2012. Finally, Chetty et al (2014) look at Danish micro-data and find that the marginal propen-
sity to consume is significantly higher from disposable income than from higher income in
form of pension contributions. In the Danish macroeconomic models ADAM and SMEC, the
short-term elasticity of consumption via income is estimated to be around 0.4-0.5 (Borge &
Knudsen, 2019 and Grinderslev & Smidt, 2007).

As mentioned, the use of H2M households in the model is a reduced form for other mecha-
nisms. In the case of MAKRO it is certainly a substitute for the missing explicit model of con-
sumer finance (Zeldes, 1989).” Kaplan & Violante (2014) note that households with little liquid
wealth and significant housing react strongly to income shocks. The reason is that housing is
an illiquid asset, and small temporary income shocks do not change housing decisions, im-
plying the extra income is mostly consumed. Two factors are involved. First, savings must be
expensive (must yield a low return), and borrowing must be costly (so that there is no debt
or otherwise the extra income would be used to reduce that debt). And second, trading
housing must imply transactions costs. MAKRO is missing a key element of this mechanism
as housing is a liquid asset (without transaction costs), but this is partially tackled by the
habit objects.

As mentioned, hand-to-mouth consumers is included in the model to reflect the empirical
literature, e.g. short run effects of income shocks. The specific choice of modeling can further
be seen as a reduced form way of describing a range of different mechanism. This includes
income heterogeneity and liquidity constraints (Zeldes, 1989), illiquid assets and transaction

7 See Gabaix (2020) for a model of bounded rationality.

DREAM - MAKRO 13



MAKRO: MODELING CHOICES
HOUSEHOLDS

costs (Kaplan & Violante, 2014), imperfect information (Cao & L'Hullier, 2018) or limited ra-
tionality and myopia (Gabaix, 2020). If one or more of these mechanisms are explicitely im-
plemented for forward-looking households in a later version of MAKRO, one would expect
the share of hand-to-mouth consumer necessary to replicate the empirical literature to fall.
Finally, it should be noted that the direct utility of wealth of forward-looking households
contribute to a higher MPC, hence lowering the necessary share of hand-to-mouth consum-
ers.

Hand-to-mouth consumers have the same behavior regarding labor marked decisions as for-
ward-looking households.

Forward-looking households

The majority of households in MAKRO are forward-looking optimizing agents. They choose
the optimal level of consumption and savings, the optimal level of housing investment, and
optimal search effort understanding their intertemporal trade-offs. Giving up one unit of
consumption today implies the immediate loss of utility, and this loss is exactly compen-
sated by the future consumption gain allowed by the return on saving the amount not con-
sumed. This reasoning applies to all intertemporal choices.

The utility function contains the total private consumption, separated into housing and non-
housing consumption (hereafter other consumption) and they can substitute between these
types of consumption (housing consumption is described in the following section). The pe-
riod utility function of total consumption is given by a so-called CRRA utility function, in
which a parameter is determines the intertemporal elasticity of substitution. Finally, the util-
ity of future consumption is subject to a subjective discount factor. This specification of the
utility function is standard in comparable macroeconomic literature, both in its general form
(e.g. the GIMF model of the IMF, see Kumhof et al, 2010) and in the special case of log-utility
(e.g. the DSGE model of the Danish central bank, see Pedersen, 2016).

Further, the utility function of the forward-looking households contains habit formation in

consumption, a bequest motive (utility of bequest), and a term which implies that they get
direct utility of wealth. This affects the consumption and savings decisions of the forward-
looking households and are described separately below.

The households get utility from leisure, meaning they get disutility from supplying their labor
through job search.? This disutility is assumed to be additively seperable with consumption,
both on the intensive (hours worked) and the extensive (participation) margin. This simplifies
the properties of the model and the interpretation hereof, since it implies that the labor sup-
ply, employment and wages, etc. only affects the consumption throught the budget con-
straint (i.e. not through potential effects from the marginal utility of leisure on the marginal
utility of consumption). This assumption is also fairly common in the DSGE literature and -
implicitely - in larger macroeconomic models.®

Habits

Households in MAKRO get utility of the total consumption, seen relatively to a reference
level. This is typically referred to as habit consumption and has become standard in almost

& The utility of consumers are modeled consistently with the search and matching labor marked, cf. section 4.

° In SEM models, the level of consumption if typically determined by income and wealth, both in the short and long
run, i.e. independent of the amount of leisure.
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all models which, like MAKRO, have intertemporally optimizing agents and are used to de-
scribe consumption at business cycle frequencies (an example is the Quest Ill model).

Habit formation can be specified in several ways. Central is that it breaks the time separabil-
ity otherwise found in the utility function. Technically, habits increase the concavity of util-
ity in the relevant point of consumption. As a result, the forward-looking households prefer a
more smooth consumption path and react more sluggishly to shocks. For the hand-to-mouth
consumers, habit formations only affects the distribution between housing and other con-
sumption.

Specifically, habit formation is introduced additively and through an external reference
point, the so-called "catching up with the Joneses" effect (introduced by Abel, 1990).”° Be-
cause a single household cannot impact the average, this habit is exogenous to the house-
hold, while by symmetry it is, in equilibrium, identical to lagged individual household con-
sumption. An example of this can be found in the Quest Il model. One’s own consumption is
an externality on other households and vice versa unlike habits derived from one’s own con-
sumption. The difference does not seem to matter. Dennis, 2009 shows that the two specifi-
cations are equivalent up to a first-order approximation and Havranek et al, 2017, find no dif-
ference in the size of the estimates in studies that look at internal and external reference
consumption.

In the current version of MAKRO there is a habit in both non-durable consumption and in
housing, and at the housing habit is much stronger than the non-durable consumption habit.
Guerrieri & lacoviello (2017) find that habit formation on housing consumption is stronger
than on other consumption. For Danish data, housing consumption develops more sluggishly
than total consumption.

The inertia that is empirically found in the demand for housing is certainly due in a large de-
gree to transaction costs in the housing market. For computational reasons we have not in-
troduced these costs for individual households. Habits in housing utility compensate for this
incomplete modeling. Flavin & Nakagawa (2008) note exactly that habit consumption can
produce effects similar to those of a fixed-cost relocation model.

Since their introduction into the macroeconomics mainstream, habits have been pervasive in
macroeconomic studies and in work on consumption in particular. In a meta-study summa-
rizing around 600 estimates, Havranek et al (2017) find an average habit coefficient of 0.4 for
non-durable consumption. In both Pedersen & Ravn (2013) and Pedersen (2016), which are
estimated DSGE models for the Danish economy, there is a significant degree of habit for-
mation.

Bequests

Regarding the utility from bequests, this way of modeling how you care for your descend-
ants is called the “warm glow” motive (Andreoni, 1989, 1990). This framework can solve the
problem that older people consume too little at the end of life, compared to what can be
explained in a simple life cycle model without altruistic preferences (Kaplan et al, 2020). The

© We use the cohort's own consumption at the previous age level (in the previous year) as a reference for habit
consumption rather than consumption for the same age group in the previous year. This is done to help the model
calibration, especially for young age groups, where the age profile for consumption is both relatively steep and
noisier. For the aggregate consumption, however, this hardly has significance. The degree of habit formation is
assumed to be the same for households, across ages.
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alternative to the warm glow motif (or “heritage-in-utility function”) is a purer form of altru-
ism, where the utility function of a cohort depends directly on the utility function of future
generations. The warm glow bequest function implies that there is no Ricardian equivalence
in MACRO.

Having utility from from bequests is useful not just in order to match observed life cycle pro-
files. In models with financially constrained households, the timing of bequests matters. The
importance of intergenerational transfers of assets and their influence on individuals' wealth
over life has been known at least since Kotlikoff & Summers (1981) or Modigliani (1988). In a
recent study on Danish data, Boserup et al (2016) find that received inheritance accounts for
more than a quarter of the total wealth of people aged 45-50 years. In other words, a good
estimate of the size and timing of the inheritance is necessary to have realistic age profiles.

Inheritance data are not directly available, but by linking register data containing wealth in-
formation at the individual level with the population register containing family relationships,
we estimate bequests by linking wealth changes to observed deaths using a difference-in-
difference estimator as in Boserup et al (2016). Bequests received are included as a lump-sum
income in the budget constraint of the recipient.

Direct utility from wealth

The forward-looking households are assumed to get (direct) utility from their current wealth,
i.e. on top of the expected utility from future consumption (and bequests) that this wealth
can be used for. Introducing wealth in utility can be seen as a way of approximating savings
behavior which reflects a precautionary savings motive. This is the idea of precautionary sav-
ings when income is stochastic and uninsurable (Carroll & Kimball (2008)). This can explain
why young people do not take on a large amount of debt (although some of the explanation
for that lies on the supply side of credit if would like to borrow but no one will lend them
what they want).

Both the utility function of bequests and that of wealth have their respective “habit” addi-
tive objects. This ensures that their wealth is above a certain level. In the absence of an ex-
plicit model of household credit, this habit-like interior parameter inside utility acts as a
credit constraint or a substitute for the precautionary savings motive.

The notion that households benefit from wealth, for example via social status, has a long his-
tory in economic theory (Adam Smith, David Ricardo, J.S. Mill, Alfred Marshall, Thorstein Veb-
len, J.M. Keynes, Irving Fisher, Gary Becker). Within the last 10 years, it has become more
common in New Keynesian models to assume that households have government bonds in
the utility function as a measure of preference for safety.” Direct utility of wealth has an-
other notable percursor, namely the “money-in-the-utility-function” model of Sidrauski
(1967).

" Poterba & Rotemberg, 1987; Krishnamurthy & Vissing-Jorgensen (KVJ), 2012, Fisher, 2015 and Auclert et al, 2018. KVJ
and Fisher have an additive utility of wealth term that contains only low risk liquid assets (bonds) with a random
utility coefficient. This random term is observationally equivalent to a risk premium shock. See also Del Negro et al.
(2017) and Michaillat & Saez (2019a; 2019b).
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Wealth portfolio

Unconstrained households have four different assets and liabilities: Bank deposits and bank
loans, bonds, and domestic and foreign equities. Mortgage debt is treated separately. Bank
loans are partially related to housing. Each financial variable has its specific return and this
return is not age dependent (rates on bank loans could be but we do not consider it).

Total financial assets and liabilities of the households in MAKRO are consistent with national
accounts data taken from the ADAM database. In addition, the age profiles of the different
portfolio objects are important in the model because they induce differences in the marginal
rate of return on savings over the life cycle, and because they are related to the housing de-
cision through non-mortgage bank debt.

The link between aggregate and age specific variables requires the use of data from several
databases.” Data for the age distribution of households' wealth is taken from the Wealth
Statistics from Statistics Denmark, while the relevant age-specific income items, including
returns across asset classes, are taken from the Lovmodel's database.

Since there is no uncertainty in the model, the composition of the portfolio of households is
not the result of an optimal decision within the model. However, we use the life cycle to ob-
tain a partially endogenous portfolio composition. In order to do so, we estimate an empiri-
cal relationship between the holdings of each portfolio component (for example bonds), and
three explanatory variables: age, total non-housing net financial wealth, and housing wealth.
The last two variables are endogenous in MAKRO and age is policy invariant. Therefore we
obtain exogenous rules linking portfolio composition to the endogenous decisions of the
households in the model. This allows for a detailed characterization of household portfolios
over the entire life cycle. Furthermore, to the extent that the data is the result of optimal
portfolio choices, the empirically estimated relationships contain that optimality up to a re-
gression residual. Therefore MAKRO, without uncertainty, contains an optimal household
portfolio which adjusts to economic conditions.

Pensions

Pension contributions and pension income are exogenous to the household and treated as
lump sum payments in the model. Because they are tied to wages, the contributed amounts
are endogenous, and because pension fund returns depend on endogenous returns on cor-
porate stocks, the pension income is also endogenous. Households know they will pay these
contributions and know the income they will receive later, so these lump sum amounts have
an income effect on household decisions. Under Ricardian equivalence that effect would be
minimal, but because the model has features of credit constraints, even for unconstrained
households, there is likely to be some non Ricardian effect, although possibly negligible.

Pension-related variables are constructed to match data. Households pay a constant share of
their wage income into several pension funds. The pension funds are actuarially fair, so that
they do not make a profit and pay out the full value of the pension savings each year. All
pension funds have the same exogenous portfolio composition of domestic equities, foreign
equities, bonds and bank deposits. Contributions and disbursements are taken from
DREAM's more detailed pension model. Age-distributed data for pension assets as well as
inflows and outflows are also based on DREAM's pension model, which is consistent with
the aggregate figures from the national financial accounts.

2 Due to immigration and emigration, there is not full agreement between the periodic survival rates and the popu-
lation accounts. It is then necessary to make some model assumptions about the financial wealth of migrants. This
is done to ensure consistent aggregation and has a limited impact on the overall characteristics of the model.
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The composition of non-durable consumption

The quantity of non-durable consumption which is the subject of the intertemporal savings
choice is a CES-tree composite of five sub-components: tourism, services, goods, energy and
cars. As there is no data available for the age distribution of private consumption divided
into its sub-components, this division is the same for all households of all ages, which allows
all households to face the same consumption prices. This then maps into the organization of
production and the input-output structure of the economy.

The CES-tree is a nested structure, where each good joins the trunk through the levels of the
tree. This allows for different substitution elasticities throughout the tree and helps charac-
terize the demand for the different goods. The share parameters (not the elasticities) at the
different levels in the tree allow for the calibration of structural shifts in consumer demand
given prices, such as a gradual shift of consumption towards services and tourism. The de-
composition of total consumption allows MAKRO to provide a detailed description of pri-
vate consumption.®

Housing

After the 2008 crisis, housing and housing finance took center place in macroeconomics.™
Housing is the single biggest household asset and mortgage debt is the largest household
debt item. Housing is also a durable good, a store of value and a direct store of utility, with
particular financing properties, and with its own interest rate dependence properties
(Mankiw, 1982, 1985).

The relevant measure of housing cost is the user cost, obtained from the optimality condi-
tions of unconstrained agents. Whereas for non-durable goods the user cost is the price of
the good, in the case of housing the user cost contains opportunity costs, financing costs,
depreciation and maintenance costs, taxes, capital gains, and land revenues, as well as a
term that proxies for transaction costs which are not explicitly modeled. This is equivalent to
the user costs of capital or labor faced by firms, also derived from their intertemporal opti-
mality conditions. One of the characteristics that sets MAKRO apart from its Danish prede-
cessors is the detailed modeling of housing, and of mortgage finance.

Mortgages are the largest household debt item, and they have different financial terms than
bank debt. The model does not have an endogenous mortgage choice, as adding this margin
of adjustment proved computationally taxing. Instead, we use the observed levels of mort-
gage debt relative to house values as an exogenous measure of the fraction of the house
that is mortgage financed over the life cycle. This fraction is then further modelled to de-
pend on house prices, although it remains exogenous to the household. This construction al-
lows us to isolate mortgage finance and its impact on the user cost, and to generate realistic
mortgage debt magnitudes when we forecast the model. Through the modelling of the
mortgage ratio, we obtain some empirical properties concerning the reaction of mortgage
ratios to the movement in house prices. The household only has an extensive margin choice,
which is how much housing to buy, but through that choice we can obtain a more accurate
user cost measure and have a start-up model of housing finance that can be improved.

It is in the derivation of the user cost of housing that MAKRO contains its most significant
deviation from the perfect foresight baseline. In the household’s budget constraint we have

" Bagaee and Farhi (2018). NBER Working Paper 24684.
' Early work by Davis and Heathcote (2005). Garriga, Noeth, and Schlagenhauf (2017) and references therein.
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only observed prices since the budget constraint is an accounting identity. In the inter-
temporal first order condition we deviate from assuming that agents know next period’s ex-
act house and land prices, and instead impose that these agents understand in which direc-
tion the price will move but have only a conservative expectation of the magnitude of the
price movement. This is needed is because capital realized gains on housing make the user
cost too low such that the model cannot match the data. This is a well known problem (Khan
& Reza, 2017), and other authors use a similar approach (Gelain et al (2013), Kravik and Mimir
(2019)).

Owned housing is (currently) the only good in the model that includes land. And land, as a
quasi-fixed factor, is an important determinant of house prices (Davis and Heathcote (2007)).
Land is owned exclusively by households, and is embodied in the house they buy. In order to
add land to the model we introduce an intermediary between households and the construc-
tion sector. This intermediary buys materials from the construction sector, and land released
by housing depreciation as well as land released by the state, packages them together and
sells the resulting housing good to households.™ When households buy their homes they un-
derstand there is a residual value of land they will receive when their house depreciates and
the fraction of land attached to that depreciated housing is sold. In this way, land appears
explicitly in the user cost of housing.

The intermediary plays an additional role in the model. It helps match the data. The flow of
construction input used in packing new houses is used as an investment quantity that accu-
mulates an auxiliary stock of buildings. This auxiliary stock measure adds to another quantity
that stands for the stock of buildings in rental housing, and which are exogenous in the
model. In the data this aggregate stock is then assigned a rental value. As the rental market
is a regulated market, the rental value from the national accounts does not reflect the real
user cost of owner-occupied housing. Rents are then exogenous in MAKRO, and this auxiliary
stock purged of land helps match this nominal variable in the data.

The housing market has significant inertia on both the supply and demand sides. The inertia
on the demand side comes from habit formation. On the supply side, it comes from imposing
quadratic adjustment costs on the intermediary, and by the fact that only a limited amount
land is available each period.

> Th is intermediary has a production function. The elasticity between construction and land is from Epple et al, 2010
and Ahfeldt & McMillen, 2014, who look at other countries.
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Firms

There are eight private sectors and one public sector in MAKRO representing aggregation
from a disaggregated industry classification in the national accounts. Firms in the private
sectors are optimizing agents. Each sector has two markets with independent agents. A pro-
ducer’s market where optimal inputs are chosen and the marginal production cost is deter-
mined, and a distribution market where prices are set as a markup over the marginal produc-
tion cost. Separating price setting from optimal input choice makes the problem tractable.

Production

Output is produced with four inputs. Intermediate inputs (materials, R) sourced from all sec-
tors, two types of capital goods, buildings (structures, B) and machinery (equipment, K), and
labor (L). The production function is a nested CES production function. The nest structure
matches machinery capital and labor at the bottom in a KL aggregate. This KL object is then
matched with building capital in a KLB aggregate. The KLB object is then matched at the top
with materials (R) to form the upper KLBR aggregate which is the final output. At each stage
in the CES production tree different prices are formed, consistent with a zero profit condi-
tion such that the upper KLBR price is the marginal cost of one unit of output. The different
substitution elasticities in the production function are estimated from the data.

The sector-specific intermediate input of materials is assembled with purchases from the
nine sectors, and can be sourced from domestic as well as foreign suppliers. This is done
through two layers of zero profit CES aggregation, the bottom one being the allocation from
domestic versus foreign suppliers within a sector. The upper CES aggregator which assem-
bles purchases from the nine different sectors is a zero elasticity (Leontief) aggregator. The
lower aggregator has a positive elasticity. This construction allows the model to match the
input-output structure of the economy, and is similar to that of the Danish models DREAM
and ADAM.

The capital stocks inside the firm accumulate through a standard perpetual inventory law of
motion. The investment flows adding to the undepreciated stock are constructed in a similar
way to that of the input of materials. They also use two layers of zero profit CES aggregation.

The relevant price of capital is the user cost, derived from the optimality conditions in the
problem of the producing firm. It contains the opportunity cost of capital (given by the re-
quired rate of return inside the discount factor), the depreciation and marginal adjustment
costs, and the capital losses or gains attached to the undepreciated stock. The problem of
the firm contains also an embryonic model of firm finance, with costly external finance mod-
eled after Gomes (2003), and with exogenous debt finance™. Both affect the user cost of
capital. Costly external finance adds a Keynesian multiplier type of effect to the response to

'8 This type of constraint made popular by Gomes (2007) is now widespread in the literature on firm finance (Quad-
rini, 201, Drechsel, 2020). The fact that external finance is more expensive than internal finance also satisfies a
pecking order where retained earnings are preferred (Donaldson, 1961 and Myers & Majluf, 1984). This is not the
collateral effect of Bernanke and Gerter (1989), although that mechanism can be added.
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shocks as an increase in profitability relaxes the current constraint, which allows for extra in-
vestment that in turn will help relax the constraint in the future.

The required return reflects the earnings investors expect to have when they hold company
stock. This contains a risk premium since equity is a residual claimant, subordinate to debt.
The corporate capital structure therefore affects the size of the risk premium. The fact that
the model has no random variables and profit streams are deterministic does not mean the
risk premium should be zero since the model must reproduce the average return, and not an
exact stochastic return.” MAKRO follows DREAM and ADAM and assumes that firms hold
corporate debt in proportion to the capital stock. Gustafsson and Knudsen (2014) from
ADAM examine the empirical corporate capital structure.

The model has a standard one period time to build in the capital stock. Current output is a
function of one period lagged capital stock(s). However, variable capacity utilization means
that companies can use their input with varying intensity if the need arises, and thus affect
the output obtained in the short run from the rigid stock. Capacity utilization is a standard
modeling tool that allows for procyclical productivity. As an example, the DSGE model of
Pedersen (2016) used by the Danish central bank also has it. Capacity utilization is present,
and modeled in the same way, on labor and on both capital stocks.

Firms incur quadratic capital installation costs, formulated in terms of changes in the level of
investment rather than in the levels of the stock. This makes it easier to match the impulse
responses from the VAR models and is common practice in the literature (Christiano et al,
2005).

Price-setting

In each sector there is a retailer market where firms buy goods from producers and sell them
to consumers. In this retail market there are many firms in monopolistic competition where
every firm faces an iso-elastic demand curve with the same elasticity (Dixit & Stiglitz, 1977).
Each firm will in equilibrium be identical to all others in the market. When setting prices they
incur costs of changing prices as in Rotemberg (1982). The resulting sectoral price will contain
the standard constant markup over unit costs expanded with an endogenous term reflecting
the costs of changing prices. In the long run the markup is reduced to the constant part.

In the data, inflation displays a hump-shaped response to shocks. This pattern cannot be ob-
tained when using the exact adjustment cost function from Rotemberg (1982). Instead we
model costs of changing the inflation rate rather than the price level (Kravik and Mimir
(2019)). This can no longer be interpreted as a proxy for "menu costs", but can be interpreted
as costs of acquiring and processing information about other price developments in the
economy.

Value of the firm

The value of the firm contains two different objects. The present value of all future cash
flows generated by the firm, and value associated with liquid financial assets. These assets
exclude the corporate debt mentioned above. They are a separate entity and enter the value
of the firm because of the way the data is constructed, particularly in the service sector. This

" Evidence from ECB (2018) shows that, despite the low interest rate environment, firms maintain a high rate of re-
turn. We follow Autrup & Hensch (2020) and assume that the risk premium ensures a total return of circa 7%.
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sector includes financial services and therefore investment houses that trade on financial as-
sets are in the data. The way to separate these firms from our production units is to exoge-
nize these financial assets, forecast their evolution independently, and include that exoge-
nous forecast in the model so as to match the available data on the value of the firm, which
is aggregated to our sectoral level. The value of Danish listed and unlisted shares is thus
equal to the value of their financial assets plus the discounted value of their operating profit.

The value of the firm matters. For example, an announcement of lower corporate tax rates in
the future will increase the share value of the firm at the time of the announcement. This is
true in the model. This is an unexpected gain. Share prices will jump once, and then resume
their normal course associated with the normal required return. They will not jump later
when the tax rate changes. The increased wealth associated with higher share prices will af-
fect household wealth and consumption through their portfolio. It will also affect pension
wealth and thus future pension income, which also affects current consumption.

Input-Output structure and market clearing

By construction, the supply of each of the nine products/sectors can come from any of the
nine domestic producers or from their nine foreign counterparts. However only three private
sectors have foreign supply: energy, manufacturing, and services. It is assumed that imports
of goods excl. energy are substitutes for goods from the domestic manufacturing industry,
that energy import is a substitute for goods from the domestic energy industry, and service
imports are a substitute for services from the private service industry.

Output from each sector is sold as intermediate inputs to firms in the nine sectors. It is also
sold as investment goods to firms in each of the nine sectors. It is also sold as input to the six
different final consumption goods and to the public consumption good, as well as to the dif-
ferent export goods. These flows are links in the input-output structure, and such a structure
is also a core part of the ADAM, DREAM and SMEC models.

As noted above, in the description of intermediate inputs and of investment, each quantity
inside the firm aggregates purchases from the nine sectors through two layers of zero profit
CES problems, the bottom one being the allocation from domestic versus foreign suppliers
within a supplying sector. These two layers can be viewed either as part of the technology
of the firm, or as independent zero profit intermediation sectors. The same occurs in the re-
lationship between the nine sector supply and the five non-housing decomposition of con-
sumption goods. There one can view these intermediary steps as part of household prefer-
ences.

Each sector produces one homogeneous product, and sells at the same price to all buyers.
The supply curve for the individual industry is upward sloping in the short term (due for ex-
ample to installation costs on capital), while the demand curve is downward sloping. The
price clears the market. In the long run the supply curve is flat, with the output price deter-
mined as an exogenous markup over unit costs. There are ten endogenous prices in the
model. Eight product market clearing prices, plus the price of labor and the price of land. All
other prices are derived from these.
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The Labor Market

MAKRO uses a search and matching model of the labor market where wages are determined
by a bargaining process that generates wage rigidity. The seminal contributions to search
theory of Diamond (1971) and of Mortensen and Pissarides (1994) provide an explanation for
the existence of involuntary unemployment. Merz (1995) and Andolfatto (1996) are the first
to successfully include search and matching in a general equilibrium model. This is now the
standard in macroeconomics where we single out Gali, Smets and Wouters (2012) as a key
modern reference.

The purpose of labor market modeling is to obtain involuntary unemployment, and to ex-
plain fluctuations in employment and wages. In particular, the fact that employment moves
more than wages over the cycle even though the labor supply is not elastic.

Fluctuations in employment are relative to its structural level. Employment and unemploy-
ment are measures of population. The projections of population and structural employment
are constructed outside the model, and the benchmark exercise takes these structural pro-
cesses as given when evaluating the short and medium run impact of shocks to the econ-
omy. Some experiments can require an update of these structural forecasts.

There are four key elements in the labor market.”® Workers choose search effort. Firms post
vacancies. A matching technology brings them together and determines employment. Un-
ions bargain on behalf of workers and firms to determine the wage. This wage applies only
to the fraction of contracts eligible for negociation in the current period. Other contracts re-
tain their previously agreed wages.

Search and Matching

In a search model of the labor market workers search for jobs and employers post vacancies.
In our model, workers have convex disutility from searching and firms have linear and con-
vex costs of posting vacancies. These costs for the firm are measured in employment taken
from the activity of production. Non-linear costs of posting vacancies have been shown to
help with the employment response to shocks (Fujita and Ramey, 2007).

Workers and employers meet and the outcome of this meeting is determined by a matching
function. This function is such that it is never possible for all unemployed workers to find
jobs. This is the matching friction. As noted in the introduction, the search friction is con-
tained in the fact that if a worker fails to find a job this period he or she has to wait until the
following period to search again for a job. Both frictions are necessary to generate involun-
tary unemployment.

An increase in the labor supply is a good example of how a search labor market works. The
initial effect of a higher labor supply is an increase in the number of jobseekers for a given
number of vacancies. The key effect is that the job finding rate falls and the vacancy filling
rate increases. There is a reduction in the costs of hiring for firms so that even if wages and
prices do not change there is a small increase in employment. New employees move from
being transfer recipients to being wage earners. There is an increase in aggregate demand

'8 Workers also choose how many hours to work, and firms take them as given (a simplifying assumption). Hours are
a minor part of the labor market in MAKRO and we refer the reader to the technical documentation for details.
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which increases firm profits and leads to further increases in employment. It is not possible
to predict the movement of prices and wages, but adjustment continues until the structural
unemployment rate is restored.

Employment relationships end with a certain probability, the job destruction rate. This prob-
ability is age-specific, measured from the data, and exogenous in the model. As the job de-
struction rate is less than 100%, taking a job if you are a worker or hiring someone if you are
a firm, are dynamic forward-looking decisions. Workers know that their search effort will be
rewarded with a job that will [ast a number of periods, and crucially, avoid the disutility of
having to search for a job in those periods. Firms know that when they hire a worker, that
worker will stay for several periods, and save on the costs of hiring during those periods. For
firms, this dynamic aspect is relatively small, as the wage is still the overwhelming part of la-
bor costs, but it is not insignificant.

Finally, we make the necessary assumptions to ensure that all households (unconstrained or
H2M) make the same decisions in the labor market and have the same outcomes. A key as-
sumption necessary to obtain this result is that there are no wealth effects in the labor sup-
ply. The marginal utility of consumption must not be present in the first order conditions.
This is a common assumption in the literature (Gali, Smets and Wouters 2012).

Bargaining and wage rigidity

Wages are determined by bargaining between two large unions, one representing all work-
ers, and the other representing all firms. Despite being monopoly unions we do not treat
them as such, as the otherwise bargaining problem would be unnecessarily complex.”

Bargaining serves two purposes in the model. It determines wages, and it determines wage
rigidity. It is possible to design the bargaining game such that it generates rigidity. The need
for such a bargaining game arises due to the fact that the most widespread bargaining
model, the Nash bargaining game, does not generate enough rigidity since it yields a propor-
tional split of the surplus on the table. The reasons for this failure lie in the definition of the
fundamental surplus and in the nature of the bargaining solution. The fundamental surplus is
the difference between the output generated by the worker and the worker’s outside op-
tion, and it is the quantity bargained over when deciding the wage.

Suppose the outside option is zero. The Nash wage becomes a fraction of the match surplus
and therefore moves exactly like the match surplus. This implies the fraction of the surplus
allocated to both workers and firms also moves like the total surplus, which means wages
and employment move the same way, and therefore employment does not move enough
while wages move too much (Shimer (2005), Blanchard and Gali (2008)).

Hall (2005) pointed out that any wage that lies inside the surplus, even a constant, is an ac-
ceptable solution to the bargaining problem. Hagedorn and Manowski (2007) noted that a
realistically larger (than zero) outside option for the worker would shrink this surplus and
therefore make small changes in the output generated by the worker imply big changes for
the match surplus. These bigger changes in the match surplus can then generate more va-
cancies being posted if this outside option is exogenous to the output generated in the
firm.2° In MAKRO we have such a lower bound which is common in the literature (Mortensen

¥ For monopoly unions see Krusell and Rudanko (2016).

20 With wage w = b + p (y-b) and profit y-w = (1-y) (y-b), an increase in y with a constant b will increase the payoff
of the firm by more than the payoff of the worker, and more so if (y-b) is small to start with.
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& Pissarides 1994, Ljungquist & Sargent 2017) which helps to ensure an empirically sufficient
inertia in wage formation. But this is not enough.

There is, however, another way to generate wage rigidity. That is the case if the rigidity is
placed elsewhere, in a Calvo-type framework where only a fraction of contracts can be ne-
gociated in a given period. In MAKRO we use this staggered contract negotiation taken from
Gali and Gertler (1999).

The Calvo-type assumption results in rigid behavior of the average salary in the economy. In
order for the average salary to be the one that determines the behavior of firms and workers
it is necessary to define how contracts allocated. We assume they are allocated randomly,
both to workers who have kept their jobs and to newly employed workers, and that this al-
location is not known when making decisions to post vacancies or to search for a job.
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The Public Sector

The public sector in MAKRO is modeled in detail. It is primarily a very large accounting sys-
tem with relatively few and simple assumptions. The starting point is the actual and struc-
tural government balance.

Determination of the actual budget balance

The actual government balance is the government operating income minus operating ex-
penses plus net interest income. Operating income consists primarily of revenue from in-
come taxes, corporate taxes, pension return tax and other miscellaneous taxes. Operating
expenses primarily consist of public consumption and income transfers. Public consumption
consists of public employment, purchases of goods, and public investment expenditure. Net
interest income depends on the public sector's assets and liabilities as well as the location
and return on these.

Income tax revenues contain bottom and top personal income taxes, municipal taxes, taxes
on income from financial assets, corporate taxes, estate taxes and labor market contribu-
tions. The proceeds from these depend on applicable tax rates and tax bases. The tax base is
calculated separately for each age, and depends primarily on household wages and capital
income. In addition, there are housing taxes and excise duties, which primarily depend on
the household consumption composition. Finally, the pension return tax depends on the re-
turn on household pension assets. The modeling of public revenues ensures that the bases
are taxed correctly, but it is the modeling of household savings and consumption that is de-
cisive for determining most of the bases - and thus also the revenues.

Value added taxes (moms) are determined in detail based on input-output production flows.
This applies to product taxes which are flows from (nine types of) producers to private con-
sumption (six types of goods), public consumption, Investments (three types of capital
sourced from all nine production sectors) and exports (five export goods). Similarly, input
taxes paid by firms (labor and two types of capital) are distributed among the nine indus-
tries. Again, the modeling of public revenues from taxes ensures that the various tax bases
are taxed correctly, but it is the modeling of the demand from households, firms and the rest
of the world that is decisive for determining the correct size of the tax bases. Similarly, the
modeling of corporate profits is essential for the correct determination of corporation tax
revenue.

The default is that public consumption is exogenous in the event of a shock to the model. In
the basic run of the model, public consumption is determined exogenously within the me-
dium-term planning horizon used by the ministries (currently 2025), according to which the
nominal costs for both public employment and purchases of goods are assumed to follow
the demographic trend and the evolution of wages. Public investment is exogenous in the
face of shocks and, in the basic run, exogenously given within the planning horizon. Accord-
ing to the planning horizon, public investment is determined on the basis that the public
capital system must follow a weighted average of public and private gross value added.
These assumptions follow the practice of the Ministry of Finance's medium-term projections.

Income transfers are decomposed into 33 types and follow the number of people associated
with each of the 33 recipient groups. These population groups are measured and predicted
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outside the model by the ministry of Finance using Population Accounts data and are related
to the level of structural employment. Changes in structural employment affect this decom-
position, which should be redone. In the event of a shock to MAKRO, these groups change
endogenously due to changes in employment. In the model, the number of persons in a spe-
cific transfer group receives an average transfer, which follows the evolution of wages.

Net interest income consists of the return on public assets minus interest payments on pub-
lic debt. Government assets follow GDP exogenously (as a starting point) and are divided
into domestic equities, foreign equities, bonds and bank deposits, with exogenous portfolio
weights. Government debt consists of bonds, and budget deficits increase it while surpluses
reduce it. The return rates for the public sector portfolio are the normal rates for assets. The
marginal interest rate of the public sector is thus the bond rate, forecasted exogenously by
the Ministry of Finance.

Structural balance and sustainability.

The structural balance consists of the actual budget balance adjusted for cyclical factors and
other temporary conditions.

The cyclical factor measures the gap between realized budget balance and the long run
structural balance as a weighted average of the output and employment gaps, multiplied by
a budget factor. This last factor is a measure of the cyclical sensitivity of public finances and
is calculated by the Ministry of Finance.

The employment gap is calculated as the difference between actual and structural employ-
ment. Structural employment is calculated in the Ministry of Finance by means of a separate
population account, where estimates of policy effects such as changes in retirement age are
taken into account. The output gap is the difference between actual and structural gross
value added. Structural gross value added is calculated using the observed capital stock and
the measure of structural employment.

Corrections for other temporary conditions include fluctuations in a number of specific
items, including the proceeds from pension return tax, oil and gas extraction in the North
Sea, other corporation and registration taxes, capital gains taxes, net interest payments,
other special budget items and a number of non-recurring items. These are in principle exog-
enously determined by the users, and are in the basic model run determined by the Ministry
of Finance.

The structural balance is not included in the beta version of the model.

The sustainability indicator (HBI) adds the general government net wealth in a given year
and the present value of future primary surpluses and deficits. In MAKRO, the public sector is
set to comply with its intertemporal budget constraint via the imposition of a long-term ad-
justment to the normal fiscal policy. This amounts to a very soft forced adjustment using
lump sum transfers, starting from 2030. The HBI indicator generated by the model is the
standard one and excludes the lump sum transfers.

Determination of public production and employment

Public production can be described from a demand viewpoint. The primary demand is for
public consumption. From an accounting and model perspective, the public sector produces
the goods it consumes. There is also a small demand from private consumption of services
produced by the public sector. These are direct non-tax payments from households to the
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state such as some day-care payments. And there is demand for public production coming
from public investment. Part of the investment in the economy comes from public research.
Public research is technically not part of public consumption as it contributes to accumulate
the aggregate capital stock in the economy, but still has to come from public production.
This item is determined as a share of GDP based on policy research objectives.

From the supply perspective the measure of public consumption is given by the inputs it
uses (wage sum, etc). Indeed, the production of public services is calculated by the input
method. This means that the value of production is given by the cost of its production in-
puts. The nominal value of public production is thus easy to obtain since wages and input
prices, and employment and physical inputs are the same objects as in the private sector.
However, whereas private sector output quantities are the result of production functions
that combine inputs to produce output, in the public sector this technology is replaced with
a theory of the price of public output. This “theory” is a chain price index. A zero profit condi-
tion then generates output quantities as a residual quantity. There is no production function
(no idea of technology) for public output.

The costs of production are given by the input costs of materials, labor, and capital. In the
case of capital the only cost allocated in the public sector is that of depreciation, per inter-
national public sector accounting standards. Investment in buildings (structures) and the re-
sulting capital stock are exogenous in the planning horizon. This is followed by a capital
weighted average of public and private GVA. Labor costs and intermediate input (materials)
costs are given by exogenous fixed proportions of public production net of depreciation
costs.

DREAM - MAKRO 28



6.1

MAKRO: MODELING CHOICES
THE REST OF THE WORLD

The Rest of the World

The rest of the world plays a major role in MAKRO in both capital and product markets.

In the capital market, the rest of the world is the marginal investor with a given exogenous
return requirement. Due to a fixed exchange rate policy, the interest rate level in Denmark is
also exogenous (however, with the possibility of shocks to the interest rate spread to Ger-
many). Danish households and firms can borrow and save at this rate and, as Denmark is a
small open economy, this borrowing and lending behavior cannot affect it.

In product markets foreign prices are exogenous. Danish imports of foreign goods and ser-
vices and exports of domestic output follow an adapted version of the classic Armington
model of foreign trade.

In the basic run of the model, export market growth, import prices, export-competing prices,
future interest rates and risk premia, are forecasted using external work done in the Ministry
of Finance based on other work from international organizations such as the IMF, EU or
OECD.

Foreign Trade

Foreign trade is based on an Armington specification. Imports and exports are determined
by CES demand functions, which depend on relative prices and total demand. Imports are
derived endogenously from the optimal consumption decisions of households and optimal
input choices of firms. These choices occur in a CES-tree organization of production and con-
sumption. The demand for Danish exports is a function with similar characteristic with the
difference that it is exogenous to the model as MAKRO does not solve the optimization
choices of the rest of the world. This Armington-inspired approach is standard in small open
economy macroeconomic models.

The model therefore contains a number of foreign variables which are determined exoge-
nously. They can interact with each other, and this interaction is estimated in the SVAR mod-
els to which MAKRO is subsequently matched, and then incorporated in the model. It is gen-
erally up to the model user to take into account the interrelationships between foreign vari-
ables in the basic run and in the response to shocks. In the case of shocks to domestic varia-
bles (such as a government expenditure shock) the assumption of a small open economy
means that the relationship between foreign variables is unaffected. In the event of a shock
to a particular foreign variable, the model user must be aware that such a shock may impact
on other foreign variables.

Arguably, the most important parameters in the entire model are the price elasticities of the
demand functions for Danish exports as they provide additional concavity to help close the
model in an otherwise largely linear mathematical environment. These are not the only elas-
ticities affecting foreign trade, as there is also a large number of CES demand elasticities on
the import demand side. The MAKRO group has estimated the relevant long-term import
and export price elasticities (Kronborg et al (2020)). However, the observable response of
quantities to price changes differs in the short and in the long term, and this difference re-
quires an adaptation of the canonical Armington model. In the case of domestic imports of
foreign goods we introduce minimal ad-hoc changes, whereas in the case of exports we
have a more extensive theoretical addition to the model with a layer of foreign intermediar-
ies which face imperfect competition and price rigidity.
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As mentioned, the demand for Danish exports is exogenous to the model. And in fact, it is
not exactly a demand function as it is not a partial equilibrium construction. Instead, the
equation governing the demand for Danish exports is a reduced form for the equilibrium re-
lationship in a multilateral trade model. And, as shown in Anderson and van Wincoop (2003),
this object contains other terms than the demand side income and the appropriate price ra-
tio which would be the only variables in a strict Armington demand equation. In particular, it
contains the gross domestic product of the exporter and this feature has been empirically
confirmed (Fernandez et al, 2018).

Increased supply stemming from a growing workforce, an increase in trade openness, an in-
crease in the number of exporting companies, and an increase in product variety, are linked
with growing exports. Empirically, Bernard et al (2009) find that relative prices are the most
important export determinant in the short term, while supply and scale effects are more im-
portant in the long term. Kronborg and Kastrup (2021) find evidence for a scale effect in Dan-
ish exports. The ADAM group has investigated the same issue and found that supply effects
have a significant effect on Danish exports (Temere & Kristensen, 2016).

MAKRO therefore has a long-term supply effect that comes into force slowly with little im-
pact on short-term properties. This supply effect allows exports to increase due to an ex-
panding production capacity in Denmark without export prices having to fall relative to ex-
port-competing prices, so that no exchange rate effects occur if the Danish economy grows
at a different rate than abroad.

Capital Market

MAKRO is linked to the national financial accounts available from ADAM's database. The vari-
ous agents, households, firms, the public sector, pension funds, and foreign investors have
portfolios of assets and liabilities of domestic equities, foreign equities, bonds (divided into
mortgages and others) as well as bank deposits and gold. Aside from gold, the claims are a
zero-sum game. Assets of one agent are liabilities of another.

For all assets and liabilities, the rest of the world is the marginal investor. Investors abroad
have an exogenous required return on domestic equities, foreign equities, bonds and bank
deposits. The driving interest rate in the model is the bond rate, on which the other returns
are set. Foreign investors' risk premium on equities provide a spread to bond yields. The fi-
nancial assets and portfolios of households and companies - including a description of mort-
gages, pension funds and the determination of the value of the firm - are given under the
description of these agents.

In the determinist environment of MAKRO it is not possible to have endogenous optimal
portfolio composition choices. These are therefore exogenous. However, in the case of the
household portfolio we are able to use the variation in portfolio composition observed over
the life cycle to capture some endogenous optimal adjustment, since portfolio composition
varies with age itself but also with net non-housing financial assets and with the amount of
owned housing, both of which are endogenous. The portfolios of firms and pension funds
are simpler exogenous proportions of the total wealth contained in them.
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