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Abstract

Firms’ expectations on macroeconomic uncertainty are heterogeneous. However, we find that
regardless, an exogenous macroeconomic news shock has a strong effect on adjusting all firms’
beliefs towards professional forecasts. This research aimed to understand how firm characteristics
are associated with macroeconomic uncertainty. Initially, we find that firms in the transportation
or construction industries or those who have less competitors, are less efficient, have a higher
profit margin or who have less frequent discussion with their customers are associated with higher
levels of macroeconomic uncertainty. These findings add to the existing literature on how
expectations of firms are formed. Following this, we extend our analysis by using a RCT and
examining how firms respond to an exogenous macroeconomic shock. We find that firms respond
strongly to macroeconomic news, and there is limited heterogeneity in their reaction. The key
exception to this is by industry groups. When interacting firm characteristics with industry groups,
we find much larger degrees of heterogeneity. Our results support the Lucas Island Model
hypothesis (1975), that agents form their aggregate beliefs based on environment specific
information. Overall, these findings imply that central banks should consider how firm
characteristics impact macroeconomic uncertainty, but nonetheless, uncertainty can be reduced

universally through effective communication.
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Chapter 1.

Introduction

It is intuitive that firms’ expectations are heterogenous, and that uncertainty is economically
important. However, this research is, to the best of our knowledge, the first of its kind to analyse
the intersection of these points in-depth. Motivated by the growing literature stating the
importance of macroeconomic uncertainty, and the empirical findings that agents exhibit
heterogenous expectations, this research analyses how firm characteristics impact the
macroeconomic expectations of firms. Research shows that increases in macroeconomic
uncertainty cause negative economic outcomes (Coibion et al., 2024; Kumar et al., 2023) but how
these expectations are formed remains an open question. We decide to explore this. Specifically,

our research questions are:

1) How do firms form their expectations about macroeconomic conditions?

2) What are the heterogeneous effects of macroeconomic news on firms’ expectations?

Through analysing these two questions, this research aims to have a meaningful contribution to
the existing literature on firms’ expectations formation and provide valuable insights for policy
makers on the impacts of a news shock on macroeconomic expectations. To begin with, this study
will analyse the heterogeneous beliefs of firms by utilising a range of different firm characteristics
available in the data. After, we will evaluate the impact of macroeconomic news on firms’
expectations. One of the main contributions of this study is that our results are causal as we use a
randomised controlled trial (RCT) to analyse how a news shock caused firms to adjust their
expectations. One of the major gaps in the existing literature is the formation of macroeconomic
uncertainty expectations for firms. Therefore, this will be the focus of our analysis and where our
research can provide a valuable contribution to field of expectations. The unique contributions of

our research and the key results are as follows.

Firstly, this study is the first in our knowledge to use a wide range of firm characteristics to
understand the potential heterogeneity in firms perceived macroeconomic uncertainty. By
exploiting the large number of firm characteristics available in the data, this research can
effectively compare where the greatest source of heterogeneity stems from. We find large degrees
of heterogeneity in firms’ initial expectations and that in particular, industry groups have a
significant impact on firms’ macroeconomic expectations. Firms in different industries have

heterogenous beliefs, with professional services and manufacturing firms exhibiting lower



uncertainty, while transportation and construction firms appear to have higher levels of
uncertainty. For other firm characteristics, having more competition, being more efficient, having
a lower profit margin and a greater customer network are all associated with reduced levels of
uncertainty. These findings suggest that in line with research on firms’ inflation expectations
(Baumann et al., 2024; Candia et al., 2024; Coibion et al., 2018), macroeconomic uncertainty
beliefs are heterogenous. Further, we hypothesise that industry groups are a driver for

heterogeneity in firms’ expectations.

Secondly, by using information treatments, this research examines how firms with different
characteristics respond to an exogenous news shock. Studies on the macroeconomic uncertainty
of New Zealand firms (Kumar et al., 2023) and European consumers (Coibion et al., 2024),
similarly use a RCT to analyse how agents’ macroeconomic uncertainty beliefs react to
information treatments. However, both focus on the aggregate reaction to information treatments.
This research extends the idea that firms react strongly to information treatments and analyses
whether there are systematic differences in how firms respond to a news shock. The results show
that while firm characteristics do have an impact on the reaction to receiving information, this
result is weak. Our findings show that all firms react strongly to information treatments and

suggests policy makers can reduce uncertainty universally through effective communication.

Thirdly, this study is the first of its kind to analyse the impact of industries on macroeconomic
uncertainty in detail. Andrade et al. (2022a) suggest that firms form their macroeconomic
expectations by observing industry specific information and extrapolating, which aligns with the
Lucas Island model (1975). Our results support this hypothesis as we found that industry groups
were the largest contribution to heterogeneity in macroeconomic uncertainty and the reaction to
a news shock. Therefore, we decided to explore the impact of industries in more depth. Other
literature has documented heterogeneity in firms’ expectations by industry, for example, Candia
et al. (2024), find, as do we, that firms in the professional services industry have lower inflation
expectations than other firms. However, our research goes beyond this by analysing the impact
of the interaction of industry and other firm characteristics on uncertainty. We find that when
splitting firms into samples by their industry and another firm characteristic there is greater
heterogeneity. Further, the RCT allows us to analyse how a news shock causes firms in different
industries to adjust their beliefs. This information is particularly useful for policy makers who are

looking to reduce uncertainty, as our analysis suggests specific groups policy makers can target.

Fourthly, the results document distinct differences between how firms form macro and
microeconomic uncertainty expectations. Similar to macroeconomic uncertainty, firms’ sales
uncertainty is heterogenous initially. This aligns with the results from Awano et al., (2018) who
use a survey of British firms and show that firms who are younger, smaller, and less productive
are more uncertain about their own future turnover growth. Further, we find that firms’ reaction

to an exogenous macroeconomic uncertainty shock on their sales uncertainty is heterogenous.
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Therefore, a macroeconomic news shock causes firms to adjust their microeconomic
expectations, but the reaction is varied. This supports the idea that in forming firm-level
expectations, firms underreact to macroeconomic shocks (Born et al., 2022). Our findings suggest
that firms form their macro and micro beliefs jointly, but firms display substantial heterogeneity
in their response to a macroeconomic news shock on their sales expectations. Future research
could explore the mechanisms through which macroeconomic news influences firms’

microeconomic beliefs.

Alongside the unique contributions of this study, many of the results from this research support
findings from previous literature. To begin with, the results align with imperfect information
theories (Mackowiak & Wiederholt, 2009; Mankiw & Reis, 2002; Sims, 2003) of expectations
formation, rather than the rational expectations hypothesis (Muth, 1961). Not only are firms
uncertain, but they have varying levels of uncertainty which could be explained by rational
inattention (Sims, 2003) or the sticky information model (Mankiw & Reis, 2002). Further, we
find that firms are not fully informed, as they have a strong reaction to information treatments.
This result rejects the rational expectations hypothesis (Muth, 1961), which would suggest that

firms already incorporate all available information into their expectations.

The results also support the findings of previous authors on the heterogeneity in agents’
expectations. Other authors have often observed heterogeneity in the inflation expectations of
consumers (Mankiw et al., 2003; Coibion & Gorodnichenko, 2015a), firms (Coibion et al., 2018;
Candia et al., 2024) and professional forecasters (Andrade & Bihan, 2013). We document that
differences in firm characteristics, such as industry groups, competition, profit margin and
efficiency are associated with heterogeneity in macroeconomic expectations. Therefore, we
expand the findings of other authors by analysing how many types of firms’ expectations exhibit
heterogeneity. As raised by Bloom (2009), it is often difficult to separate uncertainty and mean
movements, even though they have distinctly different impacts. Our research is influential as we

analyse both mean and uncertainty impacts throughout, allowing us to separate these two effects.

The study is structured as follows. Chapter 2 provides an in-depth discussion on the past literature,
providing context for the purpose of this analysis. Chapter 3 outlines the survey design and

presents the results and implications for monetary policy. Chapter 4 concludes.
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Chapter 2.

Literature Review

2.1. Introduction

Expectations as a topic has long been studied in economics. What people think is going to happen
will influence how they react today. Therefore, it has been a central challenge to understand how
expectations are formed, and the impact that this has on the economy. The rational expectations
hypothesis (Muth, 1961) has been the prominent expectations model used in central banks, but
recent empirical research has consistently shown deviations from this theory (Baumann et al.,
2024; Coibion & Gorodnichenko, 2015a). In particular, heterogeneity is a key feature of
expectations (Mankiw et al., 2003; Weber et al., 2022), and the rational expectations model does
not account for this. Further, while prior research focused on the first moment (level) of
expectations, the seminal work of Bloom (2009) highlighted the importance of second moment
(uncertainty) expectations. Therefore, this literature review discusses the current empirical and
theoretical evidence for how expectations are formed, and how macroeconomic uncertainty has

become an increasingly relevant field of research.

Within the expectations literature, there continues to be significant debate about how expectations
are formed theoretically. This is particularly relevant as many of the models used by policy
makers are in support of the rational expectations hypothesis, developed by Muth (1961), despite
strong empirical evidence that shows deviations from this theory (Coibion & Gorodnichenko,
2015a). Alternatively, imperfect information models such as sticky information (Mankiw & Reis,
2002) and rational inattention (Sims, 2003; Mackowiak &Wiederholt, 2009) suggest that there is
some cost involved in collecting information. These hypotheses for expectations formation have
more empirical support (Armantier et al., 2016; Coibion et al., 2020), as agents update their

expectations when given information that is publicly available.

The imperfect information models also allow for heterogeneity. The cost to some people will be
bigger than others, highlighting that there can be systematic differences in expectations. This
aligns with empirical research that consistently shows heterogeneity in expectations for
consumers (Coibion et al., 2022; Weber et al., 2022), firms (Candia et al., 2024; Coibion et al.,
2018) and professional forecasters (Conrad & Labhiri, 2023; Andrade et al., 2022b), as well as
across these groups (Mankiw et al., 2003). There are many different hypothesised explanations
for heterogeneity. One of the key hypotheses is that agents use local information such as
supermarket and petrol prices for consumers (Coibion & Gorodnichenko, 2015b; D’ Acunto et al.,
2021c) and industry information for firms (Andrade et al., 2022a), to inform their aggregate

expectations.
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As more worldwide events have occurred which have dramatically increased the uncertainty of
individuals and firms, it has been recognised that while level shocks are important, so are
uncertainty shocks (Bloom, 2009). Research has shown that increases in uncertainty have many
negative impacts on the economy. Baker et al. (2016) develop an economic policy uncertainty
index to show how increases in economic policy uncertainty are associated with decreases in real
economic activity. To examine the causal impacts of macroeconomic uncertainty, Kumar et al.
(2023) discuss how increases in uncertainty cause a decline in investment, employment and prices
for New Zealand firms. Also, Coibion et al. (2024) show that for EU consumers, increases in
macroeconomic uncertainty cause a decline in spending, particularly luxury and non-durable

goods, depressing the economy.

This chapter is organised as follows. Section 2.2. discusses different models for expectations
formation. Section 2.3. focuses on literature which examines the observed heterogeneity in
expectations across households, firms and professional forecasters. Section 2.4. analyses the
relationship between uncertainty and policy. Section 2.5. discusses the theoretical and empirical
methods for measuring macroeconomic uncertainty. Finally, section 2.6. highlights the current
gap in the literature and the basis for examining the heterogeneity of macroeconomic uncertainty

in our analysis.

2.2. Expectations Formation

2.2.1. Rational Expectations

The way in which households, firms and governments make decisions has been a point of interest
in economic literature for many years. As discussed by Keynes (1936), people’s expectations play
a key role in determining their decisions and the aggregate demand function. Keynes believed
that expectations were often subjective, based on how optimistic a person felt at the time. During
the great depression of the 1930’s this conclusion was supported. However, as economies
expanded, new theories emerged and notably among these was the adaptive expectations theory
developed by Friedman (1957) and Cagan (1956). Their theory suggests that expectations are
formed solely based on past experiences, and the model weights information from more recent

time periods more heavily than older ones to form future expectations.

Despite some theoretical (Nerlove, 1958) and empirical (Chow, 2011) arguments for the adaptive
expectations model, in the 1970’s the rational expectations hypothesis became the predominant
expectations formation model. Originally proposed by Muth (1961), he discussed how the
economic system as a whole does not waste information, and that people do not make systematic
errors in their predictions. Contrary to Keynes, Muth believed that expectations were based on an

informed prediction of economic outcomes and therefore the mean expectation of agents would
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be the same as what economic theory predicts. This assumption formed the rational expectations
hypothesis which states that people form their expectations based on all available information,
past and present. Muth’s theory aligned with adaptive expectations as previous experiences are

accounted for, however it goes beyond this by also including present information.

Rational expectations gained significant traction during the 1970°s after Muth’s idea was
developed by other authors. Lucas (1972) introduced rational expectations into the Philip’s curve
to suggest that not only is the trade-off between unemployment and inflation vertical in the long
run (Friedman, 1968; Phelps, 1967;1968), but it is generally vertical in the short run too. This is
because if people can anticipate the governments’ actions under rational expectations, then unless
a truly surprising event or a shock occurs, there will be no effect on employment or output, only

prices.

Through analysing the policy implications of the rational expectations hypothesis, Sargent and
Wallace (1975) introduced the policy-ineffectiveness proposition. Their theory suggests that
monetary policy is not an effective tool in increasing output or employment because people are
not systematically wrong and will anticipating monetary policy decisions. This opposes
Friedman’s view that more government intervention is required, and instead suggests that
government intervention is not successful unless it is truly surprising, supporting the ideas

proposed by Lucas.

In the following decades, the prevailing assumption on expectations in many macroeconomic
models was the rational expectations hypothesis (e.g. efficient market hypothesis, permanent
income theory of consumption). Even despite the questions (McCallum, 1979) and extreme
approximations (Maddock & Carter, 1982) of the rational expectations hypothesis. This
highlights the importance of empirically verifying the theory. However, as survey evidence was
disregarded at the time (Lucas, 1980; Machlup, 1946; Prescott, 1977), empirically measuring
expectations was extremely difficult. This caused authors to only infer expectations through
econometric methods which largely gave inconclusive results (Sargent, 1976; Neftci & Sargent,

1978).

Despite theoretical support for rational expectations, throughout the 1980’s empirical evidence
which directly measured expectations started to show strong consistent deviations from the theory
(Chow, 1989; Figlewski & Wachtel, 1981; Lovell, 1986). These works concluded that people
tend to exhibit adaptive expectations more than rational expectations, as they weight the past more
heavily than is logical, and do not use all available information. Due to the lack of empirical
support for rational expectations, this led to the rise of several other hypotheses which assume
that people are rational but may be unable to gather full information as stated in rational

expectations. These models show a convergence in the empirical and theoretical evidence.

2.2.2. Imperfect Information
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Without disregarding rational expectations entirely, sticky information models (Mankiw & Reis,
2002) suggest that people do not update their information often, however when they do, they
obtain rational expectations. This shows that often outdated information is used to form
expectations and explains how random mistakes are made by agents. Research by Klenow &
Willis (2007) provides empirical support for the sticky information model, by showing that prices
do react to old information. This suggests that price-setters are not constantly updating their
beliefs. Sticky information aligns with the notion that wages and prices are often sticky and resist
changing as introduced by Keynes (1936). A key point underpinning sticky information is that
there is some cost associated with collecting information, otherwise, a person would always stay

up to date, in line with rational expectations.

This leads on to an alternative imperfect information model, the rational inattention hypothesis
introduced by Sims (2003), as the cost in this model is attention. Due to people having limited
time and attention spans, people are unable to collect all available information and must trade-off
between precision in decision making and costs associated with collecting and processing
information. Therefore, it is a rational decision and optimal for agents to only obtain some
information instead of all and specifically, to choose the information to process. The rational
inattention model allows for different cognitive abilities and reflects that both the amount of

information and the nature of the information consumed will differ and inform decisions.

Over the last 20 years, access to information has grown with the internet, whilst attention and
time constraints remain the same. This has contributed to the significant traction that rational
inattention has gained. A key implication under the rational inattention model is that agents are
sluggish to respond to new events because people are choosing what information to pay attention
to, and some will not pay attention to the new information (Mackowiak & Wiederholt, 2009).
Therefore, when a macroeconomic shock occurs, expectations will be less responsive on average

and policymakers should account for this when making decisions (Sims, 2010).

When the rational expectations model was proposed, little empirical evidence was presented to
support the theory. However, in recent years research has consistently shown that the rational
expectations is not a good model for real-world behaviour, favouring the imperfect information
models instead. Results from Coibion and Gorodnichenko (2015a), who use surveys to document
inflation expectations, strongly reject the null hypothesis of rational expectations. They suggest
that systematic differences in expectations are due to information frictions, which supports the
imperfect information models. Similarly, many subsequent surveys have found that by providing
participants with publicly available information, participants change their beliefs (Armantier et
al., 2016; Coibion et al., 2020; Roth & Wohlfart, 2020). This shows that agents were not entirely

informed prior to the treatment, and therefore, provides support for imperfect information models.
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The question of how firms set prices has long been studied in economics, and one of the theories
used to explain this phenomenon is rational inattention. In a rational inattention model, incentives
play an important role and it is suggested that firms pay more attention to idiosyncratic
information. Therefore, nominal economic shocks have real effects on prices because firms are
slow to respond, due to a lack of attention on aggregate information (Woodford, 2001). As raised
by Mackowiak and Weiderholt (2009) in their model, if firms allocate nearly all their attention to
idiosyncratic shocks and little to the aggregate, this helps to explain why micro-level prices

flexible and macro-level prices are rigid, as observed in the data.

The policy implications of the rational inattention model are critical in light of recent crises such
as the Global Financial Crisis and the Covid-19 pandemic as people do make mistakes and are
not entirely informed (Mackowiak et al., 2023). Unlike in the rational expectations model, agents
are not 100% sure on what the future state will look like. As agents aren’t processing all available
information, and are unable to perfectly predict outcomes, they make mistakes (Matéjka &
Mckay, 2015). This shows how uncertainty plays a key role with limited cognitive abilities. As
attention is largely driven by incentives, as discussed by (Mackowiak et al., 2023), if uncertainty
increases, then agents are more incentivised to pay attention, and this alters their choice decisions

to be more elastic (Mackowiak &Wiederholt, 2009).

Alternative hypotheses which fall under the realm of imperfect information are bounded
rationality (Sargent, 1999) and models of learning (Evans & Honkapohja, 1999; Orphanides &
Williams, 2005). Bounded rationality explains that the proper form of the economic system can
never be known, and therefore people make decisions based on their approximation of the
economic system. Similarly, models of learning say that in each period people will revise their
expectations through updating their own forecast, even if this forecast is inaccurate. Both models
show inaccuracy in expectations due to the inability to know everything. Empirical research has
also shown these models to be good predictors of people’s expectations (Branch and Evans, 2006;

Gabaix, 2014; Milani, 2007).

Despite the original theoretical basis for rational expectations, as many authors have pointed out,
no matter how good a theory is, it must be supported by the data. Given the lack of empirical
support for rational expectations compared to the imperfect information theories, in recent years,
the literature has looked to imperfect information models to explain how people form their
expectations instead. As discussed by Lucas (1976), the implications for policy are drastically
different depending on the different expectation model used. Therefore, it is vital to accurately

reflect how expectations are formed.

2.3. Heterogeneity in Expectations Formation
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2.3.1. Heterogeneity Across Groups

A key feature of expectations formation is the heterogeneity in people’s beliefs. This is supported
by the real-world observations that people do have vastly different abilities and resources to
collect information and form their decisions. While there is little scope for heterogeneity in
rational expectations because people share the same information sets, it can be explained through

rational inattention models where people chose to pay attention to different information.

By exploring the observation that people exhibit heterogenous expectations, Haltiwanger &
Waldman (1985), develop a model where people use different types of expectation models and
show that the overall effect on the economy differs greatly when expectations are heterogeneous.
The model consists of two different agents, where one shows rational expectations and the other
present “incorrect” expectations. The result is that the overall outcome differs and is attenuated
toward either the rational expectations or the incorrect expectations depending on the
characteristics of the model. This shows that diverse expectations can lead to different outcomes

and are therefore should be considered an important feature of economic models.

While traditional economic models have assumed rational expectations, Gabaix (2020)
implements a heterogenous agent model, to account for information frictions. The model uses
cognitive discounting to show how with heterogeneity, the further in the future an event is, the
more uncertain an agent will be, and their expectations converge to the steady state. Through
using the heterogenous agent model, Gabaix’s model helps explain real world phenomenon.
Rational expectations models are unable to answer the zero-lower bound and the “forward
guidance problem” (Del Negro et al., 2012) where Gabaix’s heterogenous agent model does. It
also shows how inflation targeting is not optimal, but fiscal stimulus is effective. Similarly,
models which have tried to include heterogeneity in expectations have been tackled using finite-

level planning (Woodford, 2019), and k-level thinking (Farhi & Werning, 2019).

To provide empirical evidence of heterogeneity in expectations formation, Mankiw et al. (2003)
use surveys and document that expectations are vastly different, among different groups of people
over time. Their research discusses how both professional forecasters and households disagree
about inflation expectations, however the disagreement among households is about 2 to 3 times
larger than for professional forecasters. Moreover, aggregate household expectations are subject
to a significant upward bias which is driven largely by big right tails. In support of this, D’ Acunto
& Weber (2024) show that the average median forecast for US households is 2.24 percentage
points lower than the mean from 2013 — 2024. This suggest that a number of survey participants
hold extremely high inflation expectations, causing a substantial difference in the mean and

median.

Supporting the idea that agents’ expectations exhibit heterogeneity, Coibion & Gorodnichenko

(2015a) utilise survey data of 12 different countries and measure a range of different
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macroeconomic variables. They show that regardless of the region, macroeconomic variable, or
group of people (households, professional forecasters, firms) heterogeneity in beliefs is persistent.
Experimental evidence by Hommes (2011) shows that even in a lab environment where people
are of a similar background (university students) and given the same information, due to different
information processing approaches and past experiences, there is heterogeneity in expectations.
This highlights the necessity to understand heterogeneity in expectations formation both across

groups (households, firms, professional forecasters, central bankers) and within groups.

2.3.2. Households

Given the strong evidence that heterogeneity in expectations for households exists, it is critical to
understand the characteristics that are associated with expectation formation. Work by Madeira
& Zafar (2012) analyses the inflation expectations of households using surveys and finds that
women, ethnic minorities, and less educated individuals are slower to adjust their expectations
and rely more on their personal experience rather than current events. Also, low socioeconomic
status has been shown to be associated with higher inflation expectations (Angelico & Di
Giacomo, 2020; Das et al., 2019; De Bruin et al., 2010), and financial literacy is associated with
lower inflation expectations (Burke & Manz, 2014; De Bruin et al., 2010).

A possible explanation as discussed by Souleles (2004) and Anderson (2008) is that women,
ethnic minorities, and low-income individuals tend to have larger forecast errors in their inflation
expectations than average, which leads to systematic heterogeneity in beliefs. Despite this,
through using a panel dataset, Anderson (2008) shows that there is a learning effect. For those
whose forecast is the most inaccurate in the first interview, they revise and improve their
expectations the most in a second interview. This shows how when there is an incentive to revise

expectations and pay attention, such as regular interviews on beliefs, people do.

Incentives are a driver in how attentive individuals are for all activities, and this includes
attentiveness to inflation information. In countries where inflation has been historically low,
information provided to firms and households has seen large revisions in their beliefs, compared
to countries where inflation has been high (Cavallo et al., 2017; Weber et al., 2023). This shows
how in environments where past inflation is low agents are less likely to pay attention to inflation
information compared to agents who have experienced high inflation environments because it is
less relevant to them. This supports the rational inattention expectation formation model as agents
are rationally choosing not to pay attention to inflation when it is not impacting their life and

decisions significantly.

Further, perceived inflation environment as discussed by Jonung (1981) and Weber et al. (2022),
plays an important role in the formation of expectations as beliefs on recent past inflation is a
strong predicter of household’s inflation forecasts. Weber et al. (2022) discuss how for consumers

who have high inflation expectations, this is because they believe that inflation is currently high,
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although it may not be. This highlights the importance of informing consumers on current
inflation if policymakers want to influence expectations and anchor inflation, as misperceptions

of recent inflation could be driving high inflation expectation.

Media plays an important role in expectations formation as a key form of information for many
households is the news that they choose to pay attention to. Conrad et al. (2022) use German
survey data to show how socioeconomic factors heavily influence the news that consumers choose
to pay attention to and in turn the news influences their expectations. Individuals who are younger,
low income, or low education are more likely to not inform themselves about monetary policy
through any form of media. Consumers who rely on traditional newspapers for information tend
to be better informed about current inflation. As a result, their inflation expectations are generally
lower, more accurate, and less uncertain compared to individuals who primarily use social media
or do not engage with information about monetary policy in any form. Therefore, to communicate
effectively to a wider number of households through news, Coibion et al. (2022) mention how the
Central Bank of Jamaica have used music videos, and the Governor of the Bank of Finland has
used Twitter extensively to convey monetary policy decisions rather than solely through

traditional news outlets.

By using a randomised controlled trial (RCT) with over 20,000 consumers, Coibion et al. (2022)
show how providing consumers with information — such as recent past inflation, FOMC’s
inflation forecasts, FOMC'’s targets or the FOMC'’s entire statement — caused the average inflation
expectation of households to decline by 1.2 percentage points. However, providing households
with credible newspaper articles on the same information had half the result. This suggests that
the central bank needs to directly reach consumers through their own channels rather than rely on
news outlets to diffuse the message. Further, D’ Acunto et al. (2021a) show that by having a more
diverse policy committee, the central bank can reach more households as women who receive
information from a female committee member are more likely to acquire further inflation

information, thereby lowering their inflation expectations.

The Lucas Island model (1975) suggests that people live on their own island and make all
decisions and form all expectations based on the information obtained in their island. Extending
this, D’Acunto et al. (2021c) use surveys to show how households largely use environment
specific evidence to form their macroeconomic expectations. Therefore, as all environments are
heterogeneous, this will lead to heterogeneous expectations also. The main sources of information
for US consumers from the surveys in 2015 and 2016 by D’Acunto et al. (2021c) are their own
shopping experiences and the experiences of their friends and family. Replicated in a high-
inflation environment in the US, D’Acunto & Weber (2024) document that still, households on
average rank energy bills and their shopping experience as a more important source of information

than all other sources, which includes government reports and media.
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Supermarket shopping is a significant portion of many households weekly purchasing and as
Cavallo et al. (2017) discuss, households do use supermarket price information to form their
expectations. However, their memory of these prices can be highly inaccurate and introduces
errors into their expectations. Interestingly, rather than the relative share of their income which is
spent on the goods, D’ Acunto et al. (2019) discuss how the frequency of purchase determines the
weight of the purchase on agents’ expectations formation. They also show that after controlling
for the primary shopper in a household (often women), the difference in inflation forecasts for
men and women disappears. Therefore, this provides evidence that inflation expectations for
households are largely a function of their observed environment, which does not accurately reflect

all consumer goods and is heterogeneous by nature.

The price volatility and the frequency of purchase is high for petrol. Therefore, many authors
have discussed the influence of petrol prices on household expectations as consumers use petrol
prices as a signal for aggregate conditions. In particular, Coibion & Gorodnichenko (2015b)
discuss how more than half of the difference in inflation expectations for households compared
to professional forecasters is due to oil prices. Similarly, Kilian & Zhou (2022) document that
42% of the heterogeneity in households’ inflation expectations can be accounted for by petrol
prices. While Binder (2018) finds that households inflation expectations and petrol prices are
positively correlated, they suggest that this effect is short-term and spikes in the price of petrol

will only impact households inflation expectations temporarily.

Although evidence suggests that the economic environment plays a major role in shaping
expectations, heterogeneous cognitive abilities have also been shown to be the source for
heterogenous expectations among households. Through using IQ data from Finland, D’ Acunto et
al. (2019) show how controlling for IQ eliminates the previously discussed association between
inflation expectations and education or income. Also, Cavallo et al. (2017) discuss how many
individuals form their expectations using inaccurate sources despite inflation information being
readily available. When providing consumers with information on supermarket prices and on
inflation statistics, the majority of the participants assigned equal weight to both measures, rather
than full weight on inflation statistics. This shows how cognitive constraints may be preventing
households from forming their expectations in a fully rational way. These results suggests that
effective monetary policy should tailor its information announcements to access groups with

different cognitive abilities.

The relationship between consumer sentiment and expectations is evident as consumers are biased
by their personal environment and beliefs. Conrad et al. (2022) highlight how the way consumers
form expectations shows substantial bias from their current and past experiences. Similarly,
Braggion et al. (2024) discuss how people who have experienced high inflation, such as in

Germany in the 1920’s, expect high inflation still today and there is a diffusion effect where
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parents pass these experiences and expectations onto their children. This highlights how

influenced expectations are by high inflation events, even if they occurred 100 years ago.

Given the subjective and biased nature of expectations, it is key to understand the relationship
between consumer confidence and expectations. How sure people feel about the future state of
the economy through current observations and confidence from past experiences shapes their
macroeconomic expectations and spending decisions. Understanding the heterogeneity of
macroeconomic uncertainty and how this will influence expectations has significant implications
for how monetary policy is conducted. Effective monetary policy communication that reduces
uncertainty may be able to decrease the heterogeneity in expectations and re-anchor inflation

expectations for households (Coibion & Gorodnichenko, 2015a).

2.3.3. Firms

While firms’ inflation expectations are less dispersed than households (Link et al., 2023), there is
still a large amount of heterogeneity. Surveys have shown that firms expectations are distinct from
both households and professional forecasters (Candia et al., 2024), but firms’ expectations are
more aligned with households, as both groups make large forecast errors. As firms set prices,
employ people, and negotiate wages, these decisions play a significant role in the economy, and

they are formed based on their expectations.

As with households, firm characteristics are associated with heterogenous expectations. Coibion
et al. (2018) show that firms in New Zealand who have more competitors, who are planning to
change their prices sooner or whose profit is impacted greatly by the relative change in price are
more likely to stay up to date with inflation information. Afrouzi (2023) likewise finds that firms
with more competitors are more likely to pay attention to aggregate variables, such as inflation.
In their study, Coibion et al. (2018) also discuss how attention to inflation is likely the primary
reason for differences in firms’ beliefs. Many of the New Zealand firms surveyed stated that they
believe inflation is not material to their business and this may help explain why firms are
uninformed on current inflation. This aligns with surveys in New Zealand by Kumar et al. (2015),
who document that media is the most widely used source for firms on inflation information,
however, in countries with historically low inflation, such as New Zealand, media coverage on
inflation is limited and not always a strong force in driving agents’ inflation expectations

(Haldane, 2017).

Attention to information can help explain many of the observed characteristics associated with
differences in beliefs for firms. Yang (2022) shows that firms who sell a wide range of products
are more likely to stay informed than others. They document that firms who sell a larger number
of products have smaller forecast errors, and also have a greater willingness to pay for
professional forecasts. The rational inattention theory suggests that firms who sell a wider range

of products are incentivised to pay attention, and the empirical evidence supports this. As
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Baumann et al. (2024) discuss, firm size is also associated with dispersion in inflation forecasts,
with larger firms being more accurate than smaller firms. This could be as larger firms are more
likely to have professional forecasters or subscribe to regularly receive macroeconomic
information than smaller firms. Further, firms in specific industries such as the financial services
industry have lower inflation expectations than others, such as in the food and drink industry
(Candia et al., 2024). A possible explanation for this is that firms in some industries are more
interrelated with the macroeconomy (such as financial services firms), meaning that it is more
important for firms in these industries to pay attention Therefore, there are a wide range of
characteristics which have been observed in the data to be associated with differences in firms’

beliefs.

Although firm characteristics are associated with heterogeneity in inflation expectations, the
driving force of this is likely caused by the suggested attentiveness to information or other factors.
Work by Bartiloro et al. (2019), suggests that the heterogeneity observed in Italian firms’ inflation
expectations is largely due to information stickiness and the business cycle rather than firm
characteristics. When inflation is further from the central bank’s target, dispersion in firms’
expectations rises. Especially as many firms in low-inflation countries like the U.S. are inattentive
on inflation information, with only 20% of CEOs in a recent survey of U.S. managers able to

correctly estimate the FED’s inflation target (Candia et al., 2024).

Similar to households, Weber et al. (2025) discuss how firms who are given identical information
in low inflation countries react more than firms in high inflation countries, such as shown in
Uruguay (Frache & Lluberas, 2017), aligning with the rational inattention model. However,
Baumann et al. (2024) show how in the high-inflation environment of Europe 2023, firms
continued to have a strong reaction to the information treatments provided. This suggests that
countries with historically low inflation, that are currently in a high inflation environment are still
uncertain and the sticky information model explains this well. This suggests that if the central
bank can communicate inflation information effectively to firms, it can significantly reduce
heterogeneity, even in high-inflation environments where the rational inattention model would
suggest that firm mangers should be well informed about inflation. In particular, Baumann et al.
(2024) discuss how forward-looking information treatments were the most effective at reducing

firms’ inflation expectations to be in line with the central bank’s target.

Recent research also suggests that firms form their expectations using mostly industry-level
information rather than macroeconomic information (Andrade et al., 2022a). This helps explain
why firms in some industries are more accurate than others (Candia et al., 2024). It is hypothesised
that as households form information based on their local environment, similarly, firms use their
industry environment to form expectations, leading to heterogeneity in expectations. By using
this assumption, Gaballo (2018), shows that if firms infer macroeconomic variables through the

price signals, they receive in purchasing inputs, the small amount of heterogeneity in
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environments can create large amounts of uncertainty and price rigidity to aggregate conditions.
This provides a potential explanation to how firm heterogeneity can occur and the flow-on effects

it can create.

As the majority of recent research in the heterogeneity of expectations for firms uses surveys,
Savignac et al. (2024) discuss how the position of the person within a firm who answers the survey
matters. They find that for French firms, CEOs and CFOs have lower inflation expectations than
other employees, even when controlling for gender, income, and education. This suggests that the
price-setters are more informed about inflation and when conducting surveys, it is important to
ensure consistency across the position of the respondent. As firm managers are influenced by their
own shopping experiences (Kumar et al., 2015) when forming inflation expectations for the firm,
it is especially important that the price-setters are the respondents of the survey, to ensure that

expectations align with pricing decisions.

Heterogeneity in expectations is relevant as it informs the decisions made by firms. As discussed
by Coibion et al. (2019), through using a randomised controlled trail (RCT) on Italian firms,
higher inflation expectations leads firms to raise their prices, increase their demand for credit,
employ fewer people and invest less. This result has similarly been documented in both New
Zealand (Coibion et al., 2018) and France (Savignac et al., 2024). While all three studies found
that increased inflation expectations saw firms raise their prices, in the New Zealand survey,
higher inflation expectations were associated with higher employment, while in Italy and France
the opposite is true. Coibion et al. (2020) suggest that this may be due to the perceived effect of
inflation on other macroeconomic variables, due to the historical environment of each country.
Therefore, the specific context of a country’s historical and current macroeconomic environment
matters, and this highlights how more studies from a variety of countries are needed to fully

understand how heterogenous expectations impact firm decisions.

Although the literature on firms’ expectations is much thinner than for households, it is evident
that heterogeneity for firms exists. Some strong hypotheses for the driver of heterogeneity in firm
expectations are the rational inattention model and firms using industry-level information to
inform their macroeconomic beliefs. As heterogeneity in expectations impacts the subsequent
decisions made by firms, understanding both the drivers and the flow-on effects of expectations
could improve the communication decisions of policy makers and positively impact the

macroeconomy.

2.3.4. Professional Forecasters

Surveys documenting the expectations of professional forecasters have been around for a
significantly longer time than for households and firms. The key reasons for this are twofold; they
are generally easier to collect, and under the rational expectations model, the expectations of

firms, households and professional forecasters will not be systematically different. As a result,
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professional forecasters expectations have often been used as a proxy for all economic agents’
expectations. However, these groups have heterogeneous expectations and therefore professional
forecasters are not a good proxy for all agents in the economy. Compared to other groups,
professional forecasters exhibit far more accuracy and far less heterogeneity in their beliefs, but

there is still heterogeneity in professional forecasters beliefs.

While households and firms may form heterogenous expectations due to a lack of attention and
cognitive ability, professional forecasters should not be bound by the same constraints. However,
as shown by Andrade & Bihan (2013), professional forecasters also exhibit heterogeneity in their
expectations formation. Through using the European Central Bank Survey of Professional
Forecasters, they discuss how professional forecasters, do not update their forecasts constantly,
in line with the sticky information model, and they disagree about their forecasts when updated,
as in rational inattention. This shows that, even groups of people who spend considerably more

time on forming their expectations of macroeconomic variables, have heterogeneity.

In a review of the European Central Bank’s Survey of Professional Forecasters, Bowles et al.
(2007) discuss how forecasters systematically underestimated inflation and provide evidence for
a large amount of heterogeneity in inflation, GDP growth, and unemployment expectations. While
in the short-term their average inflation expectations fluctuate more, over the long-term there is
an anchoring effect in line with the European Central Bank’s inflation targets at just below 2%.
These observations provide valuable insights into the heterogeneity in professional forecasters

expectations.

As surveys of professional forecasters typically ask for forecasts of different time horizons,
researchers have studied how long- vs short-term forecasts differ. Patton & Timmerman (2010)
use the Consensus Economics survey from 1991 to 2008, to show how dispersion in forecasts is
higher for longer time periods compared to shorter time periods. They suggest that this is
primarily due to heterogeneity in forecasters prior beliefs and their models, which are more
important for, and diverge as the time horizon increases. Conrad & Lahiri (2023) support this
finding by showing that for professional forecasters, differences in beliefs drive heterogeneity in
the long run whilst differences in interpretations of the same information drive heterogeneity in

the short run.

Many professional forecasters appear to exhibit persistent views by being either consistently
optimistic or pessimistic. As discussed by Malmendier et al. (2020), heterogeneity in expectations
among FOMC members can be explained by their own individual inflation experiences. This
biases them to be either optimistic or pessimistic. Similarly, Andrade et al. (2022b) show how
even professional forecasters are subject to associative memory. A forecaster who is considering
multiple models may choose one based on their personal experience or context. On the other hand,

Batchelor (2007), discusses how using the Consensus Economics surveys, professional
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forecasters may be either financially or reputationally incentivised to bias their forecast to be

consistently either pessimistic or optimistic as a way to differentiate themselves.

Not only do professional forecasters disagree about their point estimate of inflation expectations,
but their probabilistic distributions, representing how uncertain individual forecasters are, are
heterogeneous and exhibit persistence (Boero et al., 2014). The relationship between uncertainty
and disagreement for professional forecasters is key as often disagreement among professional
forecasters has been used as a proxy for macroeconomic uncertainty, despite these two measures
being distinctly different from one another (Zarnowitz & Lambros, 1987). Despite this, Lahiri &
Sheng (2010) show that professional forecaster disagreement is a good proxy for uncertainty when

the macroeconomic environment is stable because the perceived uncertainty from a shock is low.

Central bankers all generally have the same objectives, but there is evidence to suggest that still
heterogeneity in expectations and beliefs persists. A study by Meade (2005), uses the transcripts
of the US Federal Open Market Committee to show that while there is little disagreement in
voting, the preceding discussion shows much larger amount of heterogeneity. On the other hand,
a large body of literature has set out to discuss the most effective way for central banks to
communicate (Blinder et al., 2008; Eusepi &Preston, 2010) and notably, as discussed by Ehrmann
& Fratzscher (2005), unified communication from the central bank on monetary policy decreases
uncertainty and increases the ability for market participants to anticipate monetary policy
decisions. Therefore, whilst in central banks heterogeneity may be a key feature, the appearance
of agreement is a useful mechanism in reducing uncertainty, and therefore true heterogeneity in

beliefs is difficult to observe.

Overall, the heterogeneity in expectations formation is evident. Between groups, Weber et al.
(2022), document that it is widely acknowledged that households and firms have more dispersed
expectations than professional forecasters, and forecast confidence for professional forecasters is
also higher. Within groups, characteristics are associated with differences in expectations which
can often be explained by their environment, cognitive abilities or previous experiences and
shows alignment with the sticky information and rational inattention models. However, much of
the literature has focused on inflation expectations and the heterogeneity of a variety of different

types of expectations should be explored in detail.

2.4. Uncertainty and Policy

2.4.1. The Policy Implications of Macroeconomic Uncertainty

Whilst expectations have been thoroughly studied in macroeconomics, the focus has largely been
on inflation expectations. Another form of expectations, uncertainty, is an important factor in

firms’ and households’ decision making. For example, if you are unsure about how much it will
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rain tomorrow you might be more likely to cancel your picnic, compared to if you are quite certain
it will not rain. Likewise, if a firm is unsure about the future state of the economy, it might take a
‘wait and see’ approach and decide not to expand its operations by investing in a new factory or
hiring more workers right now. Whilst these conclusions appear to be common sense, it has only
been recently through the seminal work of Bloom (2009) that economic literature has recognised
the importance of measuring macroeconomic uncertainty and understanding the policy

implications of fluctuations in uncertainty.

Through mapping volatility in financial markets to firm outcomes, Bloom (2009) proposes
exogenous uncertainty shocks as the source of fluctuations in business cycles. Bloom’s work
builds on literature that explains why uncertainty is important for the economy. For instance, the
option value of waiting theory by Bernanke (1983), explains how in times of high uncertainty it
is better to delay investment in large projects, as the potential losses from acting early can be
substantial. Bernanke’s theory shows how there is value in the flexibility to wait and see, and this
is reflected in finance as we place monetary value on the ability to wait through the financial

instrument, options.

In Bloom’s 2009 paper, he shows empirically that increases in uncertainty are associated with a
reduction in investment and employment for firms by analysing 17 short and sharp recessions
found in the data from 1962 — 2008. He discusses the important implications for how economic
policy is conducted as he finds that uncertainty shocks generate strong but temporary recessions.
These findings align with events which increase widespread macroeconomic uncertainty such as
9/11, the Global Financial Crisis and, more recently, the Covid-19 pandemic and have motivated

further research in the subject.

Prior to Bloom’s seminal work (2009), expectations research has primarily only considered the
effect of a first moment or a level shock, such as an increase in inflation expectations. However,
Bloom (2009) highlights the importance of the second moment, uncertainty in expectations, for
policy and economic decision making. One of the key challenges raised by Bloom, is that first
and second moment shocks often move together and are empirically difficult to separate.
Therefore, both measuring second moment effects and understanding the implications of a second

moment shock can be challenging.

Building off of the work by Bloom, many subsequent authors have found that increases in
uncertainty will have adverse effects on the economy. For firms, Blooms’ results have been
replicated to show that uncertainty shocks will decrease investment and employment (Kumar et
al. 2023), alongside a decrease in prices, a reduction in sales and a reduced likelihood of opening
new facilities or investing in new technology. For households, Coibion et al. (2024), discuss how
increases in macroeconomic uncertainty will cause reductions in spending, in particular, on non-

durable goods, package holidays and luxury goods. As consumption, investment and employment
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are all key channels for economic growth, this highlights the serious impacts of uncertainty shocks

on real economic outcomes.

While the qualitative results from Bloom (2009) and the impact on policy have largely been
reinforced by subsequent work, some alternative suggestions have been made. Work from Jurado
et al. (2015), finds that contrary to Bloom (2009), between 1960 — 2011, there were only 3 periods
where uncertainty was greater than 1.65 standard deviations from its mean, representing deep
recessions. Rather than short and sharp recessions which generated a bust-boom like impact,
Jurado et al. (2015) discuss how their uncertainty shocks are persistent. This suggests that

policymakers should be far more wary of uncertainty shocks than Blooms’ predictions.

A key implication of uncertainty shocks for policymakers is that agents become less responsive
to policy tools. This supports the findings from Jurado et al. (2015) that an uncertainty shock
results in a deep recession. Aastveit et al. (2013) provide evidence for the policy ineffectiveness
proposition with uncertainty by using different measures of uncertainty in the US. They further
show that as uncertainty increases in the U.S. this will also decrease investment in Canada, the
UK and Norway, although to a much lesser extent. This highlights the diffusion effect of
uncertainty which according to Londono et al. (2024) is economically and statistically large and
can largely be explained by trade channels. Therefore, not only does domestic uncertainty
influence how consumers and firms respond to policy but increases in international uncertainty

can affect domestic markets and complicate effective policy.

As uncertainty is a material issue for how central banks conduct monetary policy, the
interconnectedness of communication and uncertainty is crucial. Although, there is no perfect
approach to central bank communication, a key tool in the literature is transparency. Woodford
(2005) discusses how monetary policy is significantly more effective when the public understands
the central banks actions. As the FOMC increasingly became more transparent from 1996
onwards, this was associated with decreases in public uncertainty and allowed the FOMC to align
and reach their policy targets. The two key mechanisms of transparent policy communication,
according to Blinder et al. (2008), are “creating news” and “reducing noise”, both of which help
manage the public’s expectations. Reducing noise means decreasing aggregate uncertainty, and

therefore the more effective the transparent communication, the lesser uncertainty and vice versa.

During business-as-usual, transparency in central bank communication is a useful mechanism for
reducing uncertainty. However, it has also been shown that communication is an important tool
for central banks during times of uncertainty (Geraats, 2002; Lehtiméki & Palmu, 2019). As
discussed by Yildinm-Karaman (2017), during an uncertainty shock the independence of the
central bank is associated with less adverse outcomes compared to central banks who are not

independent. He also finds in his empirical study of 43 countries between 1972 — 2009, that central
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bank transparency reduces the adverse impacts of these uncertainty shocks, but to a lesser extent

than central bank independence.

Uncertainty shocks impact the decisions made by agents in the economy and are an important
aspect of macroeconomic expectations for policymakers to consider in achieving their targets. As
heightened uncertainty has adverse effects on the economy it is important for the central bank to
reduce this uncertainty in general. However, more research is required to understand the most
effective way for central bankers to reduce macroeconomic uncertainty when an uncertainty

shock does occur, especially as agents become less responsive to policy tools.

2.4.2. Economic Policy Uncertainty

Macroeconomic uncertainty encompasses uncertainty in a range of different macroeconomic
factors. One element of this, economic policy uncertainty focuses on uncertainty around monetary
policy decisions. This type of uncertainty is particularly relevant when understanding how agents
perceive policy makers and their communication strategies. In particular, as economic policy
uncertainty has risen significantly in recent years, this suggests that policy makers need more

effective communication strategies.

Economic policy uncertainty research has gained significant traction in recent years with world
events such as Brexit, anti-globalisation and the wars in Ukraine and Gaza highlighting the
importance of stable economic policy for better economic outcomes. In light of this, Baker et al.
(2016) created an Economic Policy Uncertainty Index (EPU) which uses a variety of different
measures to determine the aggregate level of economic policy uncertainty for 29 different
countries. The index historically has been highly correlated with world events such as wars and
elections, and is also highly correlated with the VIX index, providing support for the measure as
a proxy of policy uncertainty (Al-Thaqeb & Algharabali, 2019). Following the global financial
crisis in 2008, the global EPU reached a record high. However, over the subsequent decade, policy
uncertainty remained elevated and in April 2020, during the COVID-19 crisis, the EPU more than
doubled its 2008 peak. Recently, in the early months of 2025, the global EPU has risen again
above its highest levels during COVID-19.

As well as the global EPU, which was originally created by Baker et al. (2016), EPU’s for many
individual countries have since been created. Following the method outlined by Baker et al.
(2016), an EPU for China (Davis et al., 2019), Japan (Arbatli et al., 2017), New Zealand (Ali et
al. 2022) and many other countries in the OECD have been developed. The extensive research
into developing these indices for many countries and understanding the various implications,

provides significant support for the measure.

As with macroeconomic uncertainty, unexpected increases in economic policy uncertainty are

associated with significant and persistent declines in real economic activity (Baker et al. 2016).
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For firms, Kang et al. (2013), discuss how increases in the EPU decrease investment and this
effect is greater during a recession. However, the largest 20% of firms don’t change their
investment decisions in times of increased policy uncertainty, showing heterogeneity in firms’
actions. Likewise, increases in the EPU are associated with increases in unemployment (Caggiano
et al. 2016), and the impact of an EPU shock on unemployment is 6 times higher during a
recession than an expansion. These studies show an asymmetry in how firms respond to an EPU
shock. Not only are they more sensitive in a recession, but firms are heterogeneous in their

reaction, with firm size impacting their investment decisions.

Financial markets are also significantly impacted by economic policy uncertainty and as discussed
by Mueller et al. (2017), exchange rates and policy uncertainty are highly connected. They show
how on days where the FOMC announcements are made, market participants can earn excess
financial returns by shorting the US dollar and going long on foreign currencies, which can be
explained as compensation for the extra monetary policy uncertainty they bear. Also, the EPU
impacts stock returns. On average, stocks decrease on days where policy changes are announced
as positive impacts tend to be more expected than negative ones (Pastor & Veronesi, 2012), and
in general, Brogaard & Detzel (2015) show how the EPU is positively correlated with stock

market returns.

Overall, strong evidence exists that uncertainty has large, negative effects on the macroeconomic
environment through multiple different channels. Therefore, it is key for policymakers to
understand the most effective way to conduct policy in order to both reduce uncertainty in

heighted periods, and to mitigate the risk of uncertainty shocks causing deep recessions.

2.5. Measuring Macroeconomic Uncertainty

2.5.1. Methods for Measuring Macroeconomic Uncertainty

Following on from work by Bloom (2009), subsequent researchers have tried to measure
macroeconomic uncertainty empirically. However, as stated by Bloom (2014) “uncertainty is an
amorphous concept” and therefore, there is no explicitly defined measure. Instead, a variety of
different proxies have been used to measure macroeconomic uncertainty. While there has been
disagreement about the most appropriate form of measurement, the qualitative results from all
measures are generally the same (Baker & Bloom, 2013; Caldara et al., 2016). Macroeconomic

uncertainty shocks have a significant impact on real economic outcomes.

The traditional method of measuring uncertainty uses financial market indicators of volatility, as
used by Bloom (2009) to discuss 17 events associated with an excess in stock market volatility.
In financial markets it is widely acknowledged that it is more difficult to predict prices when

volatility increases, and therefore, volatility can be used to proxy uncertainty. Further, as shown
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by Ramey & Ramey (1995), volatility and growth have a strong negative correlation. While
volatility may increase due to increased risk-aversion and leverage (Bloom, 2014), these
theoretical explanations do not appear to explain all the increase in volatility during recessions.
As discussed by Schwert (1989), leverage affects account for only 10% of the increases in
volatility during recessions and Bekaert et al. (2013) discuss how the largest component of the
VIX index is uncertainty rather than risk aversion. While financial market indicators of volatility
have been used as a good measure for uncertainty it has been critiqued for fluctuating in times

where uncertainty does not because other factors do influence the measures (Jurado et al., 2015).

As the literature on macroeconomic uncertainty has grown other measures through observation
have been used to proxy uncertainty such as natural disasters (Baker & Bloom, 2013). Through
using disasters as exogenous shocks, Baker & Bloom (2013) discuss that both a level decrease
and an uncertainty increase are associated with a decline in growth, with uncertainty having just
as large, if not larger effects than the level changes. The disasters measure relies on the increase
in newspaper coverage following the shock, to weight the size of the shock. Expanding on this
concept, the frequency of words associated with uncertainty in newspapers has also been used as
a proxy for uncertainty (Baker et al., 2016). This has been further developed into the Economic
Policy Uncertainty Index which has been widely used across countries, as the data is

comprehensive, publicly available and has been audited.

Alternative measures utilise different components of surveys to illicit aggregate uncertainty
measures. This can be argued to be a more direct measure of agent’s uncertainty, as it reflects
their inability to forecast. Another advantage of this approach is the ability to identify uncertainty
for different groups of people, such as households, firms, and professional forecasters. To measure
aggregate uncertainty, the disagreement in expectations of professional forecasters has been
widely used (Boreo et al., 2014; Zarnovitz & Lambros, 1987) because there is reduced

information stickiness compared to households and firms.

Although some have argued that the disagreement among forecasters is not a good measure of
uncertainty as it captures heterogeneity and disagreement rather than uncertainty, work by
Bachmann et al. (2013) shows how the dispersion of forecast errors for firms and their
disagreement is highly correlated, providing support for both measures. The dispersion in forecast
errors reflect an inability to accurately forecast, showing that the economy is becoming more
unpredictable. Jurado et al. (2015), utilise econometric techniques based on aggregate forecast
dispersion to measure uncertainty. Their measure is highly regarded as it is an aggregation of
thousands of data points, utilising 11 different macro variables, aiming to be a reference point as

to whether other proxies for uncertainty are good measures or not.

2.5.2. Establishing Causation
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As stated by Kocherlakota (2009), “the difficulty in macroeconomics is that virtually every
variable is endogenous”. This highlights both the challenge and the importance of being able to
show causal relationships in macroeconomics. Most macroeconomic variables have a relationship
with one another but determining which variable causes the other is difficult. To help identify
causal relationships in macroeconomics, a recent approach has been to use randomised controlled
trials (RCTs), a method widely used in sciences. This approach allows for a direct comparison in
a controlled environment between a group who receive a shock and a group whose environment

doesn’t change.

In terms of macroeconomic uncertainty, the recent literature has placed a clear emphasis on its
importance, however, as Baker & Bloom (2013) discuss, are business cycles driving fluctuations
in uncertainty or is uncertainty driving fluctuations in the business cycles? Contrary to prior
literature, Bachmann et al. (2013) propose that while macroeconomic uncertainty fluctuates
counter-cyclically, it is an outcome of exogenous shocks and not the cause. Therefore, it is

necessary to understand whether uncertainty is a driver of business cycles or a by-product.

To identify a causal relationship, Bloom (2014) states that it is vital to separate uncertainty shocks
(second moment) from closely correlated level shocks (first moment). Empirically this is difficult,
however, recent attempts in the literature adopt survey-based approaches to tackle the
identification problem. Kumar et al. (2023) and Coibion et al. (2024) conducted randomised
controlled trials (RCTs) to show that exogenous variation in perceived macroeconomic
uncertainty for firms (Kumar et al. 2023) and households (Coibion et al. 2024), affects their
decisions. As these studies have a control group, this allows for the causal effect to be examined.
Their results confirm prior conclusions, increases in macroeconomic uncertainty cause adverse
business decisions with decreases in investment, employment and prices and adverse decisions
by households with decreases in consumption. This provides evidence for exogenous

macroeconomic uncertainty shocks as the source of fluctuations in business cycles.

The recent literature on macroeconomic uncertainty has shown that although there are an array of
challenges when measuring uncertainty, increased levels of macroeconomic uncertainty cause a
decline in real economic activity. Regardless of the measure used, the evidence that
macroeconomic uncertainty shocks negatively impact the economy are strong. Furthermore, the
global economy continues to face heightened uncertainty in many forms. Therefore, determining
the most effective way for central banks to reduce uncertainty is imperative. This forms the
motivation for our thesis. Not only do we wish to understand how macroeconomic expectations
are formed, but our approach is novel by using a RCT to analyse the heterogeneous reaction of

firms to a macroeconomic news shock.

2.6. Gaps in the Literature



30

The literature on macroeconomic uncertainty has expanded significantly in the last 15 years, but
there is still much to be explored. One of the key findings is that macroeconomic uncertainty for
firms has a causal impact on real economic outcomes (Kumar et al, 2023). This result underscores
the importance of understanding how firms form their expectations on macroeconomic
uncertainty. Also, the extensive literature highlighting heterogeneity in expectations, particularly
inflation, paves the way to examine whether the formation of macroeconomic uncertainty
expectations observes similar heterogeneity or not. Therefore, the following empirical analysis
firstly seeks to understand how firms’ expectations on macroeconomic uncertainty are formed,
through analysing the impact of a wide range of firm characteristics on firms’ beliefs. Secondly,
we aim to determine whether firms have a heterogeneous reaction to a news shock by using a
RCT. This will provide insight into how firms macroeconomic uncertainty expectations are
formed, and how the central bank can manage or utilise the potentially heterogenous reactions to

a news shock.

One of the key motivations for out study is the prior literature on inflation expectations which
shows that firms have heterogenous beliefs on inflation. Some of the key firm characteristics
which are associated with heterogeneity in inflation expectations are, the number of competitors
(Coibion et al., 2018), firm size (Baumann et al., 2024), industry (Candia et al., 2024), and the
product range (Yang, 2022). Based on these findings, we hypothesise that macroeconomic
uncertainty, will similarly be impacted by firm characteristics. An analysis into how
macroeconomic uncertainty expectations are formed for firms will be especially valuable for
policy makers given the recent global increases in uncertainty and the proceeding negative effects

this has had on macroeconomies.

As discussed by Andrade et al. (2022a), there is evidence that firms form their macroeconomic
expectations using industry-level information. This aligns with research by Candia et al. (2024)
who find that firms in different industries have heterogenous inflation expectations. Therefore,
by investigating whether firms across different industries hold varying beliefs about
macroeconomic uncertainty and how they respond to an exogenous shock, this research can
explore the hypothesis of Lucas’ Island model (1975) in the context of firms’ uncertainty.
Although Andrade et al. (2022a) suggest that firms’ form expectations about the aggregate
economy through making inferences from their industry information, the literature is yet to
discuss which industries have the highest level of macroeconomic uncertainty, how firms in

different industries react to macroeconomic news and how this relates to firm characteristics.

The macroeconomic models also emphasise the importance of firm size distributions over
business cycles, and they also highlight the need to understand firm size distributions as a
mechanism for monetary policy transmission. Gabaix (2011) discusses how the behaviour of large
firms alone can explain fluctuations in growth. Recently, Crouzet & Mehrotra (2020) find strong

evidence that small firms are more sensitive to changes in business cycles than large firms.
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Ehrmann (2000) investigated the effects of monetary policy shocks on the business conditions of
firms of several sizes. They find considerable asymmetry in their results, that is, firms of different
sizes respond heterogeneously to monetary policy shocks. These studies show that firm size
influences how firms react to the macroeconomic environment. Further, as Baumann et al. (2024)
discuss, smaller firms tend to have more inaccurate inflation expectations, which could suggest

smaller firms to also be more uncertain, as level effects often move with uncertainty.

Recently, literature has started to link the relationship between expectations and the productivity
of firms. As David et al. (2016) discuss, if firms choose to allocate their resources in line with the
imperfect information models, this leads to substantial losses in productivity and output.
Therefore, this suggests that heterogeneous expectations can cause declines in efficiency for
firms. In recent work Ropele et al. (2024), find that higher disagreement about inflation
expectations leads to increased inefficiencies for firms. This highlights the potential relationship

between uncertainty and efficiency, which can be explored in greater depth.

Coibion et al. (2018) emphasise how firms in New Zealand who have more competitors are more
likely to stay up to date with inflation information, as does Afrouzi (2023). Therefore, as
uncertainty and mean beliefs tend to move together (Bloom, 2009), we would expect that firms
who have higher levels of uncertainty are associated with a less competitive environment. The
findings of other researchers on inflation mean estimates are a valuable guide to understanding
the macroeconomic uncertainty of firms. Further, looking at a wide range of firm characteristics
for macroeconomic uncertainty can help tie together the existing research on firms’ inflation

expectations.

This study is unique and will contribute to the existing literature through three main channels.
Firstly, we analyse a wide range of firm characteristics to gain a deep understanding into whether
firms’ expectations on macroeconomic uncertainty are heterogenous. This is unique as other
research has only focused on one or two specific characteristics. Secondly, we use a RCT to
document the causal effect of a news shock on firms’ beliefs. Not only is this an emerging method
in empirical macroeconomic studies, but this makes our study distinct from other research
analysing heterogeneity in expectations. Thirdly, our study is unique in that we will look at both
mean and uncertainty effects for GDP, inflation and sales. The effects of this are twofold; we will
be able to separate the mean and uncertainty effect which is often an empirical challenge (Bloom,

2009), and we will be able to jointly consider both macro and microeconomic expectations.

The macroeconomic uncertainty literature shows clear causal evidence that increased perceived
uncertainty negatively impacts economic outcomes (Coibion et al., 2024; Kumar et al., 2023).
Given the emphasis on heterogeneity in inflation expectations and the impact of firm
characteristics over business cycles in the literature, we hypothesise that there is heterogeneity in

firms’ expectations on macroeconomic uncertainty. Through using New Zealand survey data of
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over 4,000 firms, this study aims to extend the findings of Kumar et al. (2023) by analysing how
a wide range of firm characteristics impact the initial macroeconomic uncertainty of firms and

also their response to an exogenous macroeconomic uncertainty shock.
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Chapter 3.
Results

3.1. Introduction

The results from this analysis suggest that while firms do have heterogenous beliefs on
uncertainty, a news shock universally has a strong impact. This research conducts a detailed
analysis on heterogenous expectations for firms through examining the impact of a range of
different firm characteristics on beliefs. We also use a randomised controlled trail (RCT) to
examine the heterogenous effect of information treatments on expectations. We find that while
New Zealand firms initially have significantly different beliefs, their response to the information
treatments are strong and display limited heterogeneity. Among many different firm
characteristics, industry groups have the largest impact on both initial beliefs and firms’ response

to a news shock.

This analysis will allow us to present possible solutions to our research questions about how firms
form their macroeconomic beliefs, and the adjustment in their expectations in response to a news
shock. Through analysing how a range of different firm characteristics are associated with
differences in expectations, we can gain more insight into what factors influence expectations.
These findings are an important contribution to the literature as other authors have seldom
discussed how firms form their macroeconomic uncertainty expectations, and in expectations
literature broadly there is no definitive answer on how firms form their beliefs. Analysing the
heterogenous impacts of a news shock on firms’ expectations is unique and using a RCT is a

valuable contribution to the literature as it can show the causal impact.

Firstly, we examine firms’ expectations prior to any treatments. We find that there is
heterogeneity in how firms form their expectations with characteristics such as industry, size,
competition, and profit margin being associated with different degrees of uncertainty. This is
useful at the first stage, as it aligns with work by other authors that show that firms expectations
of other macroeconomic variables, such as inflation, are also heterogeneous (Baumann et al.,
2024; Candia et al., 2024; Coibion et al., 2024). Further, it suggests that if policy makers are
looking to reduce macroeconomic uncertainty, they could focus on firms who are in the
construction or transportation industry or who have low competition or a low profit margin, as

these groups are associated with a higher level of GDP and inflation uncertainty.

The survey uses a RCT to generate exogenous variation and provide some firms with information
on professional forecasters” GDP expectations. We find that firms who receive information revise
their expectations to align with the information they received on professional forecasters
expectations. This result in section 3.4. aligns with results from Kumar et al. (2023) who examine

the aggregate effect of a news shock on expectations. Further, our results provide support for
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research by Baumann et al. (2024) who discuss how in countries who have had historically low
inflation, even when inflation is high, firms are inattentive to inflation information. This is what
we find for firms in New Zealand, a historically low inflation country, where inflation was high

in 2021.

Contrary to our results on firms’ initial expectations, we find that nearly all firm characteristics
have little-to-no impact on how firms adjust their macroeconomic expectations after a news
shock. Industry groups is the one characteristic which we found to have a significant impact on
firms’ reaction to information treatments. When analysing a broad range of characteristics by
using sub-samples, we found that while most characteristics had a weak impact on how firms
changed their expectations with respect to the treatments, industry groups did exhibit
heterogeneity. Therefore, it was decided to explore heterogeneity through industry groups in more
detail, and the results in section 3.5. show that when analysing the interaction of industry with a

range of different firm characteristics, the heterogeneity in expectations is even greater.

Another key finding from these results is evidence that firms form their macro and micro
expectations differently, and that micro expectations are much more heterogeneous than macro.
This could be due to firm managers overreacting to firm-level shocks, as discussed by Barrero
(2021) but underreacting to macro shocks (Born et al., 2022). The results suggest that like
macroeconomic uncertainty, microeconomic uncertainty is heterogenous initially. However, the
reaction to macroeconomic information treatments for firms’ sales uncertainty are quite
heterogenous, and much less effective for some firms than others. Another potential reason for
this is that macroeconomic shocks have a heterogeneous impact on sales, and this could be driving
the observed heterogeneity in microeconomic expectations. Therefore, further research is needed
to understand the mechanisms involved in firms transmitting macroeconomic information to their

microeconomic expectations.

These results contribute to the existing literature by providing insight into how New Zealand
firms’ expectations are formed with a focus on heterogeneity. For policy makers who wish to
reduce the macroeconomic uncertainty of firms, the results suggest that any type of information
treatment will have a strong effect on all firms. However, there is heterogeneity regarding which
firms are most uncertain to begin with, and despite primarily homogenous reactions to the

treatments, firms in different industries react more to some treatments than others.

This chapter is organised as follows. Section 3.2. discusses the survey used in this research and
the summary statistics. Section 3.3. conducts analysis on whether firms’ beliefs on uncertainty of
GDP, inflation and their own sales are impacted by firm characteristics. Section 3.4. then
discusses whether firms’ expectations have a heterogenous reaction to an exogenous shock.

Section 3.5. presents results on how firms in different industries with different firm characteristics
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react to the treatments, extending our previous findings. Finally, section 3.6. highlights the

implications of this analysis for monetary policy.

3.2. Survey Design and Summary Statistics

3.2.1. Measuring Prior Beliefs

The data used in this analysis is from a survey of over 4,000 New Zealand firms. The survey was
conducted for the research purposes of Kumar et al. (2023) to examine the macroeconomic
uncertainty of New Zealand firms. Therefore, the information in the dataset is both robust and
highly relevant to the purposes of this research, to analyse the heterogeneity in firms’
macroeconomic uncertainty. The survey primarily collects data on firm characteristics,
characteristics of the respondent (firm manager), and the firms’ beliefs on micro and
macroeconomic information. A detailed description of the data and how the survey was conducted

can be found in Kumar et al. (2023).

Conducted between 2021 — 2022, macroeconomic uncertainty was generally considered high at
this time in New Zealand, as firms and individuals were experiencing the tail end of the Covid-
19 pandemic and the future state of the economy was unknown. From the survey, over 70% of
firms would classify themselves as being extremely uncertain or quite uncertain. Therefore, this
work adds to the existing literature on expectations in countries who currently face high
uncertainty but have historically faced low uncertainty, such as documented by Baumann et al.

(2024).

At the first stage, the beliefs of firms before any treatments are analysed. Throughout this analysis,
firm beliefs will refer to the uncertainty and mean estimates of firms on GDP, inflation, and sales.

To determine these beliefs, questions of the following form were asked:

Now we’d like you to think about what you perceive as the most pessimistic and most optimistic
economic outlooks for New Zealand over the next 6 months. What do you think the lowest
annualised GDP growth rate might be for this time period and what do you think the highest

might be? (please provide an answer as % per year).

Lowest growth rate: weveen e e . 20 per year

Highest growth rate: weveeeenee . 20 per year

A similar question was also asked for sales and inflation. From these questions the range in firms’

beliefs for each of GDP, inflation and sales can be calculated as:

Range in beliefs = highest growth rate — lowest growth rate
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which provides a measure for individual uncertainty. As we take the difference of two percentage
estimates, the units for uncertainty in this analysis is in percentage points. Other authors have
used individual probability distributions (Altig et al., 2020) or the standard deviation (Coibion et
al., 2024) to measure the uncertainty of survey participants. However, an analysis of the same
dataset, conducted by Kumar et al. (2023), uses the individual standard deviation, the range and
the variance as a measure for each firms’ uncertainty and finds that there is not an economically
large difference in results with the three different methods. This suggests that range is also a good
proxy for the individual uncertainty of GDP, inflation, and sales. We decided to use range as it is

both simpler to interpret and measure.

To determine the mean estimates for individual firms, the mid-point of their highest and lowest

expectation is calculated as:
Mean belief = (highest growth rate + lowest growth rate) / 2

This method of calculating the mean follows the triangular distribution, which implies that firms’
beliefs are symmetric and therefore the middle of their range will be their mean. This assumption
has similarly been made by Kumar et al. (2023) and Coibion et al. (2024) who also the triangular
distribution to calculate the mean in similar survey-based analyses of expectations. These papers
also use the mean to identify first-moment shocks (where the level changes) and the cross-
sectional dispersion to identify second-moment shocks (where uncertainty in the level changes).
By separating these two effects, uncertainty shocks, without level changes can be analysed, which

is often difficult in observation-based studies (Bloom, 2014).

The proxies for the mean and uncertainty expectations of GDP, inflation, and sales serve as the
foundation for what this analysis refers to as prior beliefs. Although all of these variables are
examined, the primary focus is on macroeconomic uncertainty and how these expectations are
formed. Macroeconomic uncertainty is a very broad concept (Bloom, 2014), but uncertainty over
GDP is widely considered an important component of macroeconomic uncertainty. Therefore, for
the purpose of this analysis, GDP uncertainty will be primarily used as the proxy for
macroeconomic uncertainty. Using GDP uncertainty to measure the macroeconomic uncertainty

of survey participants has been used by other authors (Coibion et al., 2024; Kumar et al., 2023).

3.2.2. Measuring Firm Characteristics

To analyse heterogeneity, we use a wide range of firm characteristics, and examine whether the
characteristics impact firms’ expectations. Using a large number of firm characteristics allows us
to better understand how firms’ expectations are formed. The characteristics that we used in this
analysis include the number of employees, the number of competitors, age, profit margin,
industry, the value of total production, the value of professional forecasts, the value of network

information and the number of discussions with customers per month. Alongside firm
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characteristics that measure profitability and size, this research is unique in measuring
characteristics which capture the effect of network and subjective valuations of macroeconomic

information.

In the survey, firm characteristics, similar to macroeconomic expectations, were collected using
an array of questions. For example, to determine the number of employees at a given firm, the

following question was asked:
What is the total number of employees working at this firm?

Employment for firm:
Number:

Information on the value of total production, firm age and the number of competitors, was
collected in a similar way. Collecting this information allows to use these firm demographics to
measure heterogeneity. While for the most part these questions were asked in their simplest form
so that they could be interpreted universally, there were some nuances. For example, for number

of competitors the question asked was:
How many direct competitors does the firm face in its main product line?

Answer: PPN 11 /7%

By being more specific and asking about the number of competitors in their main product line
only, this minimises the impact that a broad product offering would have on the total number of
competitors. This helps reduce the impact of multi-collinearity which is present with many of the

firm characteristic variables.

For the network and value of information variables, to determine how much firms value

professional forecasts, they were asked:

How much would you be willing to pay per year to have access to a monthly magazine of

professional macroeconomic forecasts? e eer e tee e e e . 8 per Year

This question is a digestible way of asking survey participants how much they would value
receiving more information about macroeconomics. It is implied that if they are already receiving
the optimal amount of information about the macroeconomy, their value of receiving this
magazine would be zero, or close to. Secondly, the effect of networks in this analysis is primarily

captured by the following two questions:

For a typical customer/supplier/peer, how many times do you talk about economic trends and

conditions?

Talks with a typical customer per month: ...
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Talks with a typical supplier per month: ...

Talks with a typical peer firm or competitor per month:  .........

If you had to place a dollar value on the information that you acquire from suppliers, customers,
peer firms, competitors and professional organizations about economic trends and conditions

each year, how much do you think that $ value would be?  ......... 3 per year

The frequency of discussions with customers / suppliers / peers allows us to analyse which of
these relationships is associated with differences in beliefs. Further, the value that firms place on
the information they receive from their network and professional organisations can show whether
it is the frequency of talks or the value of their conversations that matters more. As networks play
an important role in price setting (Hinnosaur, 2024), discussing the impact of networks on

expectations is a novel contribution of this research.

The survey asked a wide range of questions, and therefore, variables can be created to measure
characteristics which were not specifically asked about in the survey. For example, a proxy for
profit margin as a percentage of sales was created by using the variables on input costs collected

in the data. Firms were asked:

Out of the total revenues of the firm, what fraction is used for compensation of all employees and
what fraction is used for the costs of materials and intermediate inputs (raw materials, energy

inputs, etc.)?

Labour Costs Energy Costs Materials Costs

Share of total revenues: e 20 %0 i %

Therefore, as firms report their labour, energy, and materials costs as a percentage of sales, their

gross profit margin as a percentage of sales can be broadly defined as:
Gross profit margin = 1 — (labour cost + energy cost + materials cost)

To validate this measure as a good proxy, Appendix A, shows the distribution of the calculated
gross profit margin variable, and indicates that the lowest profit margin observed in the firms is
4.0% of sales and the highest is 79.9%. The shape appears to be broadly normally distributed and
has a median of 39.8%. The Statistics New Zealand database on gross profit margin for all
industries in 2023, has a median of 49.5%, a minimum of 4.0% and a maximum of 86.0%
(Statistics New Zealand, 2023). Therefore, showing that the created proxy for margin appears to

capture firms gross profit margin relatively well.

Another key characteristic of firms is their industry. In New Zealand, firms are classified using
the ANZSIC framework and broadly speaking, New Zealand has a focus on service-based and
agricultural industries (Mason, 2013). For the purposes of the survey, only private firms were

included and those in the agricultural, energy and mining industries were excluded, due to greater
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regulations and difficulty comparing these industries to others. From there, all firms that were
included in the survey can be classified as professional services, manufacturing, construction,
trade or transportation. Majority of the firms in the survey are in either the manufacturing (product

based) or professional services (service based) industries.

The professional services industry in New Zealand is large, with approximately, 40% of all New
Zealand firms being classified as a part of this sector (Statistics New Zealand, 2024). The types
of firms who are included in this sector are insurance firms, real estate companies, scientific
services, and administrative services. On the contrast, manufacturing firms are another important
industry to New Zealand, with the sector making up 11% of national GDP (Ministry of Business,
Innovation and Employment, 2020). While manufacturing in other countries may produce more
textiles or cars, New Zealand manufacturing has a focus on food and beverages, transport
equipment and machinery as well as chemicals (Ministry of Business, Innovation and
Employment, 2020). For firms in the trade industry, this includes retail trade, wholesale trade and
accommodation services. These can broadly be considered as business who sell the goods that
manufacturers make. In both the construction and transportation sectors, these industries are
defined as firms who are purely involved in transportation or construction activities. These
industries play a key role in New Zealand’s economy by supporting infrastructure development,
which is increasingly important as the country’s population is projected to grow (Statistics New

Zealand, 2022).

3.2.3. Treatment Effects and Measuring Posterior Beliefs

After collecting the information from firms’ on their prior beliefs and firm characteristics, firms
were randomly allocated into four groups. These will be referred to as treatment and control
groups. One group was not given any information and is therefore, the control group. By having
a control group this ensures that other factors are not influencing the data, and this analysis can
identify exogenous variation in the beliefs of firms and make casual inferences. Of the three
groups that were given information, the first group, treatment 1, was informed about professional

forecasters mean point estimate for GDP, specifically:

We are going to give you information from a group of leading experts about the economy. The
average prediction among professional forecasters is that the New Zealand economy will grow

4% in 2021.

The second group, treatment 2, were told only about the uncertainty of professional forecasters.

Specifically, the information they received was:

We are going to give you information from a group of leading experts about the economy. These

professional forecasters are quite uncertain about the outlook for the New Zealand economy. The
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average difference between their optimistic forecast and pessimistic forecast is approximately 3.1

percentage points for the 2021 GDP growth rate.

Therefore, by treatment 1 receiving information only about the mean and treatment 2 receiving
information only about uncertainty, the first moment and second moment shocks can be separated.
As identified by Bloom (2014), often it is empirically difficult to separate these two effects as a
shock which causes a large increase in uncertainty would also be associated with a large decrease
in the mean estimate of GDP. Through designing the treatments to separate these effects, the

understanding of how information treatments affect firm uncertainty can be more precise.

The final group, treatment 3, was provided information on both the uncertainty of professional

forecasters and their average. Specifically, they were told:

We are going to give you information from a group of leading experts about the economy. The
average prediction among professional forecasters is that the New Zealand economy will grow
4% in 2021. They are quite uncertain about the economic outlook for the New Zealand economy.
The average difference between their optimistic forecast and pessimistic forecast is

approximately 3.1 percentage points for the 2021 GDP growth rate.

Through the three different information treatments used, it is possible to analyse the potential
heterogencous effects that each treatment might have. In particular, it is useful to be able to
analyse what type of information has the greatest impact on uncertainty. This would be valuable
information for policy makers trying to understand how best to provide information in order to

reduce uncertainty.

As the survey seeks to understand whether the treatments changed the beliefs of firms, it is
important to collect information on firms’ beliefs after the treatments. These are referred to
throughout this analysis as posterior beliefs. The questions asked to gather the posterior beliefs of
firms are slightly differently to the questions used to gather the prior beliefs to avoid participants
feeling as though they are repeating themselves. For example, the question to measure posterior

beliefs of firms on GDP was:

What do you think the growth rate of the New Zealand economy will be over the next twelve

months in each of the following scenarios:

Your most pessimistic outlook: cteeeee e Y0 per year
Your somewhat pessimistic outlook:  ...............% per year
Your middle-of-the-road outlook: cteeeeeeee o Y0 per year
Your somewhat pessimistic outlook:  ...............% per year

Your most optimistic outlook: ctveeeee e Y0 per year
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These questions were also asked to firms’ for both inflation expectations and their own sales.
From these questions, the mean estimate is provided as their middle-of-the-road estimate, and the
uncertainty can once again be calculated as their range, or the difference between the most
optimistic and most pessimistic value. Therefore, the posterior beliefs can be directly compared

to the expectations in the first stage, the prior beliefs.

3.2.4. Summary Statistics

Table 1 provides the summary statistics for the 4,212 firms in the database. The firm manager or
director was required to fill out the survey. This aligns with research by Savignac et al. (2024),
that firm managers have different expectations to other employees, and therefore, when
conducting surveys, it is important to ensure consistency in the position of the respondents. 67%
of respondents were male, with the average respondent having a large amount of experience in
the industry and at the firm. For managers, the median experience at their firm was 10 years and
the median for experience in their industry was 25 years. The education of firm managers was
generally high, with nearly 85% of firm managers having at least some further education out of

high school.
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Table 1

Descriptive Statistics

Mean Median St.Dev.
Manager demographics
Male 0.67 1.00 0.47
Tenure at firm 10.26 10.00 6.19
Tenure in industry 26.72 25.00 12.59
Education
Less than high school 0.01 0.00 0.11
High school diploma 0.15 0.00 0.36
Some college or associate degree 0.32 0.00 0.47
College diploma 0.32 0.00 0.47
Graduate studies (Masters or PhD) 0.20 0.00 0.40
Firm demographics
Age 24.61 22.00 16.09
Number of employees 30.72 19.00 56.25
Competition 11.10 10.00 7.76
Estimated profit margin (%) 38.13 39.75 15.75
Production total ($m) 34.90 16.50 86.90
Number of talks with customers per month 13.17 11.00 12.25
Value of professional forecasts ($) 486.35 445.00 266.96
Value of information from network ($) 248.87 210.00 177.35
Industry
Professional services 0.36 0.00 0.48
Construction 0.02 0.00 0.15
Manufacturing 0.34 0.00 0.47
Trade 0.23 0.00 0.42
Transportation 0.05 0.00 0.21
Prior beliefs
GDP uncertainty (% points) 5.87 5.50 2.98
Inflation uncertainty (% points) 5.30 5.10 2.44
Sales uncertainty (% points) 5.88 5.40 291

Note. Number of observations 4,212. Estimated profit margin is calculated as a percentage of their

revenue using the provided input costs.

For the characteristics of the firm, the median age of firms surveyed was 22 years old, with the
oldest firm in the dataset being 133 years old. The age of firms in the survey was generally
normally distributed with a rightward skew as shown in Appendix B. The median number of
competitors for firms in the survey is 10.00 and the mean is 11.10. The distribution exhibits a

small rightward skew, as shown in Appendix C. Approximately, 95% of surveyed firms report
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having less than 25 competitors, however the maximum reported number of competitors is 51.
The median value of total production for firms was $16,500,000 whereas the mean value was
$34,900,000. This suggests a significant rightward skew for total production and that while

majority of firms in the survey were small, there are some exceptions.

In Table 1, the median number of employees for firms was 19 however the mean is much larger
at 30.72. This suggests that the distribution for number of employees has a significant rightward
skew. Although the survey excludes firms with less than 6 employees, this is otherwise broadly
representative of the population of firms in New Zealand. The majority of businesses in New
Zealand are small to medium sized enterprises (Infometrics, 2024) with nearly 70% of businesses
reporting having no employees and only 1% reporting having 50 or more employees. Therefore,
it is important to recognise that the firms surveyed are generally small, as is the population of

New Zealand firms.

The network and value of information variables provide useful insight into how the firm interacts
with their own industry and the macroeconomy. The number of talks with customers per month
variable has a median of 11, showing that firms do interact with customers regularly and discuss
economic trends. On average, every second business day. The value of professional forecasts
shows how much the firm would be willing to pay on an annual basis for a monthly magazine of
professional macroeconomic forecasts, with the median amount being $445. As this value is
greater than $0, firms do place weight on information from professional forecasters. In
comparison, the median value that firms place on the information they receive annually from their
network of customers, suppliers, and peers is $210. This highlights that despite many firms having
a large network, they would value information received about macroeconomics more than the
information they receive from their industry. It also suggests that firms are uncertain and would

like to receive more information on macroeconomics than they currently do.

Around 70% of the firms in this dataset are either in the professional services industry (36%) or
the manufacturing industry (34%), with the remaining firms in the survey in either the
construction (2%), trade (23%) or transportation industries (5%). This was an intentional design
of the survey, where all of the professional services and manufacturing firms in the population
are included in the survey pool. The remaining make-up of firms was allocated based on how
large their industry is relative to the others. The industries included in this survey are broadly
representative of the New Zealand population of firms, with ~73% of all New Zealand firms being

classified as one of these industries (Statistics New Zealand, 2024).

Finally, during the time that the survey was conducted, firms expressed high levels of uncertainty.
The median GDP uncertainty is 5.50 percentage points, meaning that on average, the difference
between firms lowest GDP estimate and highest GDP estimate was 5.50 percentage points.

Similarly for inflation and sales uncertainty, uncertainty is high. The median inflation uncertainty
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is 5.10 percentage points, and for sales uncertainty it is 5.40 percentage points. This aligns with
how firms would classify their own expectations, as 70% of firms in the survey selected that they
were extremely uncertain or quite uncertain about the macroeconomy in the next 6-12 months.
This is also much greater than the average uncertainty of professional forecasters at the time which

was 3.10 percentage points.

3.3. Heterogeneity in Expectations

3.3.1. Firm Characteristics on Expectations

To analyse how beliefs are formed by firms, at the first stage, uncertainty and mean estimates for
GDP, inflation and sales are regressed against a range of firm characteristics available in the data.
This will allow us to understand whether firm characteristics are an important factor for firms in
forming their expectations and contribute to the existing literature. Kumar et al. (2023) examine
the heterogeneity in decision making after a news shock, but they do not analyse the heterogeneity
in expectations. Therefore, our results are distinct and expand the research by Kumar et al. (2023)
by focusing on heterogeneity in expectations. The results in Table 2 are OLS regressions with

heteroskedasticity robust standard errors in the form of:

Prior belief = ay + bylog(employment) + cymargin + dycompetition (D)
+ eglog(age) + folog(production total) + gocustomer network
+ hgvalue of professional forecasts

+ igvalue of network information + error;

where prior belief is the initial uncertainty or mean estimates of firms on GDP, inflation, or sales.
In line with the literature on expectations more broadly, the initial beliefs of firms in New Zealand
appear to be heterogeneous. As shown in Table 2, the point estimates and the uncertainty estimates
of GDP, inflation and sales all have firm characteristics which are associated with variability in
beliefs. This shows that firms who belong to a specific group are more informed or more certain
about the macroeconomic environment or their own sales than others. Further, for the different
types of expectations (GDP, inflation, sales) there is variability in which characteristics have an
impact on the firms’ beliefs, displaying heterogeneity across beliefs, as well as within. In
particular, sales estimates differ the most from GDP and inflation estimates, suggesting that the
way that firms think about and form their micro and macro beliefs are not the same. This aligns
with work by Born et al. (2022), who show that in forming expectations, firms overreact to news

on microeconomics but underreact to news on macroeconomics.
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Table 2

Firm Characteristics on Initial Expectations

GDP mean GDP Inflation Inflation Sales mean Sales
uncertainty mean uncertainty uncertainty
Employment (log) 0.68%** 1.35%** 0.15%** 0.30%** -0.35%%* 1.21%***
(0.04) (0.08) (0.04) (0.07) (0.05) (0.08)
Margin 0.02%** 0.02%** 0.02%** 0.05%%** -0.01%** 0.05%**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Competition -0.03%** -0.07*** -0.02%** -0.04%** -0.02%** 0.04***
(0.00) (0.01) (0.00) (0.01) (0.00) (0.01)
Age (log) -0.00 0.06 -0.00 0.03 -0.01 -0.02
(0.03) (0.06) (0.00) (0.05) (0.04) (0.06)
Production total (log) -0.31%** -0.60%*** 0.01 -0.05 0.54%%* -1 13%x*
(0.03) (0.05) (0.03) (0.05) (0.03) (0.05)
Customer network -0.00** -0.01%*** -0.01%*** -0.01%** 0.00 -0.01**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Value of professional 0.00 -0.00 -0.00 -0.00 -0.00%* 0.00
forecasts (0.00) (0.00) (0.06) (0.00) (0.00) (0.00)
Value of network 0.00 0.00 0.00 -0.00 0.00 0.00
information (0.00) (0.00) (0.06) (0.00) (0.00) (0.00)
Observations 3,986 3,986 3,986 3,986 3,986 3,986
r-squared 0.17 0.16 0.08 0.14 0.13 0.20

Note. The dependent variable is the initial point estimate, or the range between the lowest and
highest expectation. The table reports estimates for prior beliefs, before any treatments, following

specification 1. Robust standard errors are reported in parentheses.

In Table 2, employment, competition, margin, production total and customer network are
statistically significant characteristics across nearly all beliefs. Generally, an increase in macro or
micro uncertainty is associated with a decrease in competition, an increase in margin, a decrease
in production, an increase in employment, and a decrease in customer network. This shows that
firms have heterogeneous beliefs on GDP, inflation, and sales uncertainty, as expectations are

associated with firm characteristics.

Firstly, by comparing the heterogeneity across different beliefs, this provides deeper insight into
how expectations are formed. For GDP, inflation and sales, a decrease in the number of employees
and an increase in the production total are associated with a significant decrease in uncertainty,
but the magnitudes are different. Given employment and production total both capture firm size,
we can interpret our results as an increase in employment, while holding production total constant,
is associated with an increase in uncertainty and vice versa. Intuitively, this means that if inputs
are increasing, while outputs stay the same, this can also be referred to as a decline in efficiency.
Therefore, for GDP, inflation and sales, an increase in uncertainty is associated with a decline in

efficiency for firms. This effect is much larger for GDP and sales uncertainty than for inflation.
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For sales uncertainty on average, a 1 percentage point increase in employment, while holding
production total constant is associated with a 1.21 percentage point increase in uncertainty and a
1 percentage point decrease in production total, while employment is held constant is associated
with a 1.13 percentage point increase in sales uncertainty. This result aligns with the findings of
Awano et al. (2018) who suggest that firms with lower productivity are more uncertain about their

own future growth.

Across all three uncertainty beliefs, an increase in profit margin is associated with an increase in
uncertainty. However, margin has a stronger effect on inflation and sales uncertainty than on GDP
uncertainty. For both inflation and sales uncertainty, a 1% increase in profit margin is associated
with an increase in uncertainty by 0.05 percentage points. Comparatively, for GDP uncertainty, a
1% increase in margin is associated with a 0.02 percentage point increase in uncertainty. As
Coibion et al. (2018) discuss, firms pay more attention to inflation information if they have a
lower average profit margin. These results suggest that while profit margin impacts uncertainty
beliefs in the same way, profit margin has stronger impacts on inflation and sales uncertainty than
GDP. As margin has a positive relationship with uncertainty for all beliefs, and efficiency has a
negative relationship for all uncertainty beliefs, this suggest that there is a relationship between

the formation of macro and micro beliefs.

There are similarities in how firms form their macro and micro expectations, but competition
influences firms’ beliefs heterogeneously. For GDP and inflation uncertainty, an increase in the
number of competitors is associated with a reduction in uncertainty but for sales uncertainty, an
increase in competition is associated with an increase in uncertainty. As shown in Table 2, an
increase in the number of competitors by 1 is associated with a reduction in firms GDP uncertainty
by 0.07 percentage points. Whereas for inflation this effect is smaller, an increase in the number
of competitors by 1 is associated with a 0.04 percentage point reduction in inflation uncertainty.
For sales, an increase in the number of competitors by 1 is associated with a 0.04 percentage point
increase in uncertainty. In line with results from Coibion et al. (2018) on mean inflation
expectations, the relationship between competition and macroeconomic expectations is negative.
However, we find that competition has a much larger impact on GDP uncertainty than inflation,

and that the relationship between sales uncertainty and competition is positive.

For some characteristics, they appear to have a similar impact on the different forms of
expectations for firms, such as the number of discussions with customer network. For all
uncertainty beliefs, an increase in the number of monthly discussions with customers is associated
with a 0.01 percentage point decrease in uncertainty. This suggests that firms do discuss
macroeconomic trends in a professional setting, and that firms use this information to develop

their expectations on both micro and macro uncertainty expectations.
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The impact of firm characteristics on each of GDP, inflation and sales uncertainty is distinctly
different. However, one aspect that all forms of uncertainty expectations have in common, is that
there are large degrees of heterogeneity. Both GDP and sales uncertainty are largely influenced
by production total and employment, suggesting that efficiency is a driver of heterogeneity, while
inflation uncertainty is not impacted the same. Rather for inflation uncertainty, margin has a large
impact on uncertainty. This is similarly observed for sales uncertainty, but for GDP uncertainty
competition has a larger impact that margin. Also, all three types of uncertainty expectations are
impacted by customer network. Analysing the impact that firm characteristics have on

expectations will help us to develop a richer understanding of how firms form their expectations.

3.3.2. Firm Characteristics on GDP Uncertainty Expectations

As the focus of this analysis is macroeconomic uncertainty, the main variable of interest is GDP
uncertainty. As Table 2 outlines, at the 1% significance level, employment, profit margin,
competition, production total, and customer network all influence the firm's GDP uncertainty.
Firms who have a smaller number of competitors, decreased efficiency, less frequent discussions
with their customer network, or a higher profit margin are associated with having higher
macroeconomic uncertainty. Therefore, policy makers aiming to reduce the macroeconomic
uncertainty of firms may wish to target firms with these characteristics, as they are associated

with having a greater macroeconomic uncertainty initially.

Similar to understanding why some firms are more informed about inflation than others, the
rational inattention model (Sims, 2003) presents a good framework to understand why some firms
may have greater macroeconomic uncertainty than others. In line with the results, firms who have
a greater number of competitors, or who have a low margin may have reduced macroeconomic
uncertainty as it more pertinent for these firms to pay attention to macroeconomic conditions. For
firms with more competition, they must be paying attention to the macroeconomic environment
in order to gain customers through strong pricing and investment decisions (Afrouzi, 2023).
Likewise, firms who have a lower margin are dependent on a high number of sales to make profit,
therefore, they would be closely paying attention to macroeconomic factors which may affect

demand for their products.

Another firm characteristic which is associated with differences in GDP uncertainty is the number
of discussions firms have with their customers per month. Firms who have 1 more discussion a
month with customers are associated with having lower GDP uncertainty by 0.01 percentage
points. This suggests that there is a transmission of information from supplier to customer which
is economically large and can be positively benefiting the economy. This finding adds to existing
literature which investigates the relationship between a firms’ network and their uncertainty.
Leung & Sun (2021) find that when economic policy uncertainty increases, firms diversify their

customer base. Similarly, Ozdagli & Weber (2017) suggest that production networks are a key
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mechanism for transmitting monetary policy to firms. Therefore, adding to these findings, it can
be inferred that by having more discussions with their customers, firms stay more informed

thereby reducing their macroeconomic uncertainty.

In Appendix D, the correlation between each of the independent variables shows that there is
likely to be a multicollinearity issue with these variables. While this may cause our standard errors
to be unreliable, this should not bias our results (Lindner et al., 2020). Particularly notable is that
multiple variables are capturing the effects of firm size with the number of employees and total
production having a moderate correlation of 0.71. This means that in our multi-variable OLS
regression, the coefficient on total production is not capturing the effect of firm size, but rather
the impact of increasing total production while holding constant the number of employees. An
increase in production without increasing number of employees can be seen as an increase in
efficiency. Therefore, in Table 2 as there is a negative relationship between GDP uncertainty and
total production and a positive relationship between GDP uncertainty and employment. Both of
these results shows that an increase in uncertainty is associated with a decline in efficiency. This
aligns with work by Ropele et al. (2024), who show that an increases in uncertainty cause a greater

misallocation of resources for firms, resulting in greater inefficiencies.

Employment size in Table 2 allows us to evaluate the relationship between efficiency and GDP
uncertainty. However, firm size is also associated with heterogenous GDP uncertainty beliefs. In
Figure 1, the kernel density plots split by number of employees shows that firms with fewer
employees are associated with lower GDP uncertainty, compared to medium and large firms. This
could be related to the rational inattention model (Sims, 2003). By applying a similar reasoning
to small firms as those who have more competitors, or have a lower margin, firms who have fewer
employees have an increased likelihood of business death (Statistics New Zealand, 2024) and
therefore may be paying more attention to macroeconomic information than larger firms. This
can help explain why firms with fewer employees are associated with a lower level of

macroeconomic uncertainty than firms with more employees.
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Figure 1

Distribution of GDP Uncertainty by Employment Size
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> 50.

In general, the results observed in Table 2 show heterogeneity in firms GDP uncertainty. This
aligns with other empirical (Baumann et al., 2024) and theoretical studies (Andrade et al., 2022a)
on how firms form their macroeconomic expectations. The rational inattention model, the impact
of networks and the effect of uncertainty on efficiency are all useful hypotheses for the sources

of this observed heterogeneity and should be explored in more detail.

3.3.3. Heterogeneous Prior Beliefs by Industry

By extending Lucas’s Island model (1975), which says that people rely on local information to
form beliefs about the aggregate, Andrade et al. (2022a) hypothesised that firms similarly use
industry level information to inform their macroeconomic beliefs. Therefore, if firms rely on
industry-specific information rather than macroeconomic information, we would expect that firms
in different industries form different beliefs, since each industry has a unique environment.
Dovern et al. (2023) expand on this hypothesis and find evidence that German firms do use local

information to inform their aggregate beliefs about GDP mean estimates.

The industry groups included in this survey can broadly be defined as service based (professional
services), product based (manufacturing) or a mix of these (trade, transportation, and
construction). This shows that there are clear differences between what the firms in these

industries offer to their customers, and similarly what is most important to them when setting



50

expectations. For example, over 60% of all New Zealand’s exports are accounted for by the
manufacturing sector (Ministry of Business, Innovation and Employment, 2020), suggesting that
compared to firms in other industries, international news may be more important to manufacturing
firms, and they will use this more in forming expectations. On the other hand, for firms in the
construction industry, population growth is a large driver of growth for this industry as a growing
population indicates more housing and infrastructure. Therefore, for construction firms,
population growth would be a strong signal for microeconomic growth, and this may be
transferred to their beliefs on macroeconomic growth also. As each industry faces a unique
environment, if firms use micro information to form macro beliefs, as houschold do on inflation

(Coibion & Gorodnichenko, 2015b; D’ Acunto et al, 2021c¢), there will be heterogeneity.

Similar to Andrade et al.’s (2022a) findings, Figure 2 shows heterogeneity in the distribution of
initial macroeconomic uncertainty by industry. Professional services firms on average have lower
uncertainty with a peak at around 5.50 percentage points, and a second, smaller peak at around
3.00 percentage points. Manufacturing and trade firms also have a peak at 3.00 percentage points,
but their distribution is much flatter than professional services firms. Transportation and
construction firms on the other hand have a much more uniformly distributed GDP range. From
Figure 2, it appears that on average professional services firms have the lowest GDP uncertainty,
with more clustering around the mean than the other industries, who have quite dispersed ranges

on GDP uncertainty.

Figure 2

Distribution of GDP Uncertainty by Industry
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Appendix E supports the findings in Figure 2, with the median macroeconomic uncertainty by
industry as the lowest for professional services at 5.10 percentage points. The median
macroeconomic uncertainty for firms in the transportation industry is the highest at 8.35
percentage points. These results align with the findings of Candia et al. (2024) who show that
professional services firms have lower macroeconomic uncertainty than other industries.
Interestingly, while professional services firms have the lowest GDP uncertainty initially,
manufacturing firms have the lowest inflation (4.60) and sales uncertainty (4.80). Therefore,
while some industries are generally more certain than others across the different beliefs, there is

heterogeneity across GDP, inflation and sales uncertainty beliefs by industry.

To test whether firms in one industry form beliefs which are different to another industry due to
the previously discussed firm characteristics, separate regressions following specification (1) for
each of the industries were conducted. The results recorded in Tables 3, and Appendix F, G, H, I,
& J display strong heterogeneity across industries, which is distinctly different to the
heterogeneity observed on other firm characteristics. As with other firm characteristics, there is

heterogeneity both between forms of uncertainty expectations and within.

Table 3

Firm Characteristics on Initial Expectations by Industry for GDP Uncertainty

Baseline Professional ~ Constructio Manufacturi  Trade firms  Transportati

services n firms ng firms on firms
firms
Employment (log) 1.35%** 1.50%** -0.76 0.03 1.25%** 0.51
(0.08) (0.16) (0.67) (0.20) (0.23) (0.55)
Margin 0.02%** 0.00 -0.01 0.02 -0.00 -0.03
(0.00) (0.00) (0.04) (0.01) (0.01) (0.03)
Competition -0.07%%* -0.04 %% -0.14%** -0.08*** -0.07%** -0.16%**
(0.01) (0.01) (0.07) (0.02) (0.02) (0.04)
Age (log) 0.06 -0.14%* 0.13 -0.03 0.11 0.12
(0.06) (0.07) (0.35) 0.11) (0.15) 0.27)
Production total (log) -0.60%** -1 17 0.86 0.50%%* -0.16 -0.20
(0.05) (0.15) (0.64) (0.15) (0.13) 0.41)
Customer network -0.01#** -0.01* -0.02 -0.00 -0.02 0.05
(0.00) (0.00) (0.05) (0.01) 0.01) (0.03)
Value of professional -0.00 -0.00 0.00 0.00 -0.00 -0.00
forecasts (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Value of network 0.00 0.00 -0.00 -0.00 0.00 -0.00
information (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Observations 3,986 1,424 91 1,349 942 180
r-squared 0.16 0.18 0.14 0.16 0.14 0.18

Note. The table reports estimates for prior GDP uncertainty, before any treatments, following

specification 1. Robust standard errors are reported in parentheses.
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When looking at firms in a specific industry and analysing the differences in beliefs between
GDP, inflation and sales uncertainty, there are some notable results. For firms in the professional
services industry, for GDP uncertainty in Table 3, efficiency has a large impact; a 1% decrease in
total production, holding number of employees constant, is associated with a 1.17 percentage
point increase in uncertainty. However, a much weaker effect is observed for professional services
firms’ inflation uncertainty. In Appendix H, a 1% decrease in total production is associated with
an increase in inflation uncertainty by 0.16 percentage points. Therefore, despite these firms being
in the same industry and these both being macroeconomic expectations, the relationship between

efficiency and uncertainty differs for inflation and GDP.

One of the notable results for sales uncertainty, as shown in Appendix J, is that there is a stronger
negative relationship between sales uncertainty and customer network for firms in the
construction and trade industries than other industries. This mostly aligns with the results for GDP
uncertainty in Table 3 and for inflation uncertainty in Appendix H, although the differences are
not as large. This shows that for some characteristics, firms in one industry form beliefs the same

way, even if there is heterogeneity in how the characteristic effects firms in different industries.

The largest exception to the heterogeneity by industries across the different beliefs is that for GDP
and inflation uncertainty, the number of competitors is statistically significant and a negative
coefficient across all industries. Representing that the number of competitors is associated with
lower macroeconomic uncertainty regardless of industry. There is some variation in the
magnitude of coefficient on competition, with the strongest effect observed for GDP and inflation
uncertainty for firms in the transportation and construction sectors. For firms in transportation, as
shown in Table 3, an increase in the number of competitors by one is associated with a 0.16
percentage point decrease in GDP uncertainty. As shown in Appendix H, an increase in the
number of competitors by one is associated with a 0.08 percentage point decrease in inflation
uncertainty. It is also interesting to note that although number of competitors had a positive impact
on sales uncertainty in the aggregate, competition negatively effects manufacturing, professional
services and construction firms, with firms who have more competition in these industries being
less uncertain about their own sales. These results strongly support the research which shows the
number of competitors is negatively associated with macroeconomic expectations empirically

(Coibion et al., 2018) and theoretically (Afrouzi, 2023).

The effect of firm characteristics by industry for GDP uncertainty, in Table 3, shows a significant
amount of heterogeneity. Although margin, and customer network were statistically significant at
the 1% level for GDP uncertainty in the aggregate, this is not the case for the different industries.
Margin is not statistically significant for any industry, and customer network is significant only
at the 10% level for professional services. This indicates a high degree of variability. A possible
explanation for why these characteristics are no longer significant within each industry, is that

their effects may now be accounted for by the industry groups. For example, firms in the
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manufacturing industry have a much lower median profit margin (21.0%) than other industries,
such as professional services (45.5%). Therefore, rather than profit margin impacting
expectations, firms with lower profit margins are associated with being in the manufacturing

sector, and industry groups drive heterogeneous expectations.

Production total is significant at the 1% level for both professional services and manufacturing
firms but has opposite signs. For professional services, a 1% increase in production total is
associated with a 1.17 percentage point decrease in GDP range, supporting the idea that firms
who are able to produce more with the same number of employees, are more efficient and this is
associated with them being more certain. Further, we can see that the effect of a 1 percentage
point increase in efficiency is economically large, as it is associated with a movement from the
median GDP uncertainty range for professional services firms of 5.10 percentage points to 3.93
percentage points, which is a ~23% reduction from the median. This supports the findings of

Ropele et al. (2024) who show that an increase in uncertainty causes a decrease in efficiency.

On the other hand, for firms who are in the manufacturing industry, a 1% increase in production
total is associated with a 0.50 percentage point increase in GDP uncertainty. This contradicts the
previous hypothesis that more efficient firms are also more certain. We will present two possible
explanations for this result, but this is an area that future research could explore more. Firstly, it
may be that for firms in the manufacturing industry if the number of employees stays the same
but production increases, this is due to a capital increase which could be an omitted variable
problem. As the manufacturing industry is much more capital intensive than the professional
services industry, the potential omitted variable is important for understanding efficiency for
manufacturing but not as much for other industries. This is supported by work by Mason (2013)
who discusses how service-sector industries in New Zealand and Australia typically have a lower
capital intensity, while sectors such as manufacturing have a higher capital intensity. Secondly, it
is possible that industry specific factors are driving the heterogenous effects of efficiency on
expectations. In analysing the impact of firms’ contracts on expectations, Kumar & Wesselbaum
(2024) document that sectoral-level uncertainty affects contract use. This suggests that sectoral
shocks can impact an array of decisions for firms, which would cause heterogenous expectations

for firms.

The number of employees was significant at the aggregate level for GDP uncertainty but is only
significant for firms in the professional services and trade sectors when analysing by industry.
For both professional services and trade firms, an increase in the number of employees is
associated with a significant increase in uncertainty, showing the counter effect of production
efficiency. As firms increase the number of employees, while holding constant production total,
they become increasingly more inefficient, and it is hypothesised that firms who are inefficient
are associated with having greater macroeconomic uncertainty. However, it is interesting to note

that this effect may only be observed for firms in these industries. Further sectoral analysis could
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discuss whether the relationship between efficiency and expectations is only observed for firms

in specific industries.

The evidence for heterogeneity in various forms for firms’ initial beliefs is strong. Firm
characteristics are associated with having different beliefs on uncertainty, as observed in other
empirical research on expectations of firms and households. There are strong differences between
GDP, inflation and sales uncertainty and this highlights the need for more research into how firms
form their macro and micro beliefs. Regarding the specific firm characteristics, the rational
inattention model explains well many of these relationships, but the underlying causes of

heterogeneity from the industries can be explored in more depth.

3.4. Treatment Effects

3.4.1. Aggregate Treatment Effects on Expectations

To identify how firms’ expectations react to an exogenous shock, firms are treated with
information on the expectations of professional forecasters. All firms’ beliefs on GDP, inflation
and their own sales are recorded before and after the treatments to analyse the effects that the
treatments had on firms. The firms are randomly split into a four separate groups; a control group
who receives no information, treatment 1 who receives information on professional forecasters
GDP estimate (4% p.a.), treatment 2 who receive information on professional forecasters
uncertainty about their forecast (range of 3.1 percentage points) and treatment 3 who receive

information on both the point estimate and the uncertainty of professional forecasters.

It is expected that if firms place any value on the information they received during the treatments,

they will revise their expectations in line with Bayesian learning such that:
Posterior belief; = (1 — G) = prior belief; + G * signal;

This can be described as a weighted average of their prior belief and the new information with
weight determined by the Kalman gain, G. For firms in the control group, we would expect their
prior beliefs to match their posteriors as no information has been received, and therefore the signal
should be zero and all weight will be on their priors. For firms in the treatment groups, if they
place any value on the information received, we would expect their posterior belief to start to
align with the new information. The more the firms trust and agree with the information provided,
the more weight they will assign to the new information and the greater the convergence of firms’

beliefs with the information on professional forecasters expectations.

To quantify the effects of the treatments, the posterior beliefs of firms are regressed on the prior
beliefs, with dummy variables for the treatment groups and an interaction of the prior beliefs and

treatments. This can be written as:
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Posterior belief; = aqy + byprior; + cotreatment 1; + dytreatment 2; (2)
+ egtreatment 3; + fotreatment 3 * prior; + gotreatment 2 * prior;

+ hytreatment 3 * prior; + error;

Specification (2) allows for a non-linear reaction to the treatments. We would expect that for firms
who initially had high beliefs, being in the treatments would reduce their posterior beliefs, and
for firms who initially had low beliefs, being in the treatments may increase their posterior beliefs.
The regression was conducted six times with the independent variable being GDP, inflation or
sales uncertainty or mean. The results recorded in Appendix K are what will refer to as the
“baseline” throughout this analysis. To determine the heterogenous effects of a macroeconomics
news shock on firms’ expectations, we will use the baseline estimates as our point of comparison.
Therefore, we can discuss whether specific firm characteristics are associated with differences in

beliefs, or if they approximately match the aggregate results.

The baseline estimates in Appendix K show that in line with the results from Kumar et al. (2023),
the treatments have a strong effect on firms’ beliefs. For firms in the control group, their prior
expectations predict their posterior expectations nearly 1 to 1, but for firms in the treatment
groups, they place value on the information received and revise their beliefs towards the
professional forecasters. Due to the treatments, firms who initially had high expectations, adjust
their beliefs downwards and firms who initially had low expectations adjust their beliefs upwards,
to match the information they received. As all the variables in Appendix K are statistically
significant at the 1% level, firms in all three treatment groups strongly revised their beliefs to
match the professional forecasters compared to the control group whose beliefs remained

constant.

Given that the information provided was on GDP, we would expect this to influence firms GDP
estimates the largest. This hypothesis was observed in the data as the magnitudes on GDP mean
and uncertainty are larger than for inflation or sales. However, firms do transmit the information
received on GDP to inform their beliefs on inflation and their own sales, showing an

understanding of the relationship between all three variables.

For firms GDP uncertainty, the results in Appendix K show that firms reacted strongly in
aggregate to the treatments. On average, the aggregate initial GDP uncertainty of firms was 5.50
percentage points. Receiving information on professional forecasters mean GDP estimate
(treatment 1) caused firms to reduce their uncertainty to 1.69 percentage points. Being in
treatment 2 caused a decrease to 3.77 percentage points on average and being in treatment 3
caused a decrease to 3.10 percentage points. This shows a large adjustment in beliefs for firms
after receiving the treatments and that for firms who initially had the median level of GDP

uncertainty, treatment 1 adjusted their uncertainty beliefs by the largest amount.
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Figure 3 outlines graphically the relationship between the posterior and prior beliefs on GDP
uncertainty by treatment group. Firms in the control group match their posterior and prior beliefs,
with the slope of the line indistinguishable from 1. For firms in the different treatment groups
their lines are flatter, and we see their posterior beliefs start to converge towards the uncertainty
of professional forecasters, a range of 3.10 percentage points. We can see how with the treatments,
the posterior beliefs on GDP uncertainty have fewer extreme values observed, and by providing
firms with information, this caused them to change their own beliefs to match the information
provided. Not only does this suggest that firms were inattentive to begin with, but it also suggests
that policy makers can reduce firms’ macroeconomic uncertainty by providing information to

firms in a digestible and accessible way.

Figure 3

Treatment Effects on Firms GDP Uncertainty
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3.4.2. Analysing Heterogenous Treatment Effects on Expectations

The findings in Appendix K indicate that in aggregate, firms have a strong reaction to the
information treatments. This is a valuable finding as discussed in depth by (Kumar et al., 2023).
Given that firms’ initial beliefs on macroeconomic uncertainty are heterogeneous, it would also
be valuable to understand whether firms have a heterogeneous reaction to the treatments. If there
is heterogeneity present in their reactions, this suggests that there is an underlying mechanism
which is influencing how firms respond to the treatments. Several hypotheses for this could be
that some firms are more attentive than others (Sims, 2003) or that some firms trust the
information from professional forecaster less than others. This information would be particularly
useful to policy makers, so that they can understand how to implement an effective information
treatment to firms and achieve their goal of reducing their uncertainty. Therefore, we investigate
the cross-section of firm characteristics and treatment impacts and determine whether there is
heterogeneity in how firms interact with the treatments. By using sub-samples of firms with
different characteristics and comparing these to the baseline expectations, the heterogeneous

impacts of the treatments can be analysed.

For the expectations of firms, sub-samples were analysed separately along the following
dimensions: employment size, profit margin, competition, age, total production, customer
network, value of network information, value of professional forecasts and industry. For each
characteristic, the sample was split into groups such as small, medium, and large, and separate
regression following specification (2) were conducted. After running separate regressions for each
sub-group, we compared these results to the baseline. This allowed us to understand whether firms
who have a specific firm characteristic have a significantly different reaction to the treatments

than the average firm.

One of the methods we used to evaluate if the firm characteristics had a significant impact on
expectations was calculating a Wald statistic for testing multiple hypothesis (Wooldridge, 2020).
This allowed us to examine whether the estimates obtained in the sub samples were different from

the aggregate. The null hypothesis of our test was:
Baseline estimate = sample A estimate = sample B estimate = sample C estimate
which is equivalent to:

Baseline estimate — sample A estimate = 0
Baseline estimate — sample B estimate = 0

Baseline estimate — sample C estimate = 0

where sample estimates A, B and C are the sample parameters from each of the sub-groups (for
example, large sized firms, medium sized firms, small sized firms). In effect, this is calculating

whether each estimate obtained from the sub-samples can be said to be statistically different from
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the baseline estimate. If the null hypothesis, that the estimates in each sample are not different to
the baseline, is rejected, this provides evidence that firms have heterogenous reaction to
information treatments. Using this test is useful to help identify where a firm characteristic is
statistically significant from the baseline, however, drawbacks of the Wald test include instability
in small samples and assuming normality. Therefore, the results from the Wald statistics are a
guide, but we conducted independent judgement on whether the estimates from individual sub-

samples are economically significant.

Conducting the sub-sample analysis on GDP, inflation, and sales for the mean point estimate and
for the range, shows that while some heterogeneity is observed, it is limited. Particularly for GDP
and inflation, the effect of the treatments on firms’ expectations appears to be mostly
homogenous. Therefore, this suggests that the treatments have a strong and meaningful impact on
firms regardless of the specific characteristics of the firms. For policy makers, this suggests that
if they can effectively communicate with firms by providing trustworthy and easy-to-digest
information, this will reduce firms’ uncertainty, regardless of whether the firms have one firm
characteristic or another. The largest exception to this, as shown in Table 7, Table 9 and Table

13, is that firms in different industries appear to have heterogeneous reactions to the treatments.

3.4.3. Heterogeneous Treatment Impacts on Macroeconomic Uncertainty

For GDP uncertainty, although there were some notable differences in sub-samples, for the most
part, the magnitudes were small. As can be observed in Appendix L, M, N, O & P there was no
meaningful heterogeneity at all by age, margin, total production, customer network or value of
network information. Also, Tables 4, 5, 6, & 7, show that there was some heterogeneity observed,
although limited, for employment size, competition, value of professional forecasts and industry,
as there are groups that reacted more to the treatments than others. Despite these minor
differences, it appears that there is not widespread heterogeneity in how treatments impacted
firm’s GDP uncertainty. Therefore, this shows that the treatments had strong, meaningful impacts,

regardless of the specific characteristics of firms’.

Table 4 outlines the heterogeneity by employment size for GDP uncertainty, which shows that
small firms reacted more to the treatments than the baseline, particularly small firms in treatment
2. Although the magnitude of difference is not very large, this suggests that if policy makers were
looking to reduce macroeconomic uncertainty by targeting specific groups, targeting firms with
fewer employees would cause a stronger reaction to the treatments than a random group. It is
possible that smaller firms are more receptive to receiving information on macroeconomics than
larger firms and this accounts for the greater reaction. Relative to larger firms, small firms in the
sample place ~3.00 percentage points more weight on macroeconomic information compared to
industry information. This supports the idea that smaller firms generally value macroeconomic

information more highly, leading them to respond strongly to macroeconomic information.
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Table 4

Treatment Effects on GDP Uncertainty by Employment Size

Baseline Small firms Medium firms Large firms Joint test p-value

Treatment 1 1.25%** 1.47%%%* 1.06%** 1.30%** 0.11
(0.09) (0.10) (0.19) (0.21)

Treatment 2 2.61%%* 2.98%** 2.35%** 2.87F** 0.00%**
(0.08) (0.08) (0.18) (0.24)

Treatment 3 2.77F** 2.91%%* 2.78%** 2.44%%% 0.28
(0.08) (0.09) (0.16) (0.27)

Prior range 0.99%%** -0.99%** 0.99%** 0.98*** 0.26
(0.00) (0.00) (0.00) (0.01)

Prior range x -0.92%#* -0.98*#* -0.88*** -0.95%#* 0.08*

treatment 1 (0.02) (0.02) (0.03) (0.04)

Prior range x -0.79%** -0.89%** -0.73%** -0.80%** 0.00%***

treatment 2 (0.02) (0.02) (0.03) (0.04)

Prior range x -0.94%** -0.98%** -0.94%** -0.89%** 0.32

treatment 3 (0.02) (0.02) (0.00) (0.04)

Observations 4,212 2,163 1,489 560 -

r-squared 0.83 0.85 0.81 0.84 -

Note. Employment size sub-categories are determined by: small <= 19, 19 < medium <=49, large
> 50. The table reports estimates for GDP uncertainty after treatments, following specification 2.

Robust standard errors are reported in parentheses.

From the initial responses of firms on their macroeconomic uncertainty, firms who had a large
number of competitors were generally more certain than those who had a small number of
competitors. This can likely be attributed to the rational inattention model (Sims, 2003), whereby
it is more important for firms with a high amount of competition to stay up to date. Further, as
shown in Table 5, firms who have many competitors react more to the treatments than those who
have a smaller number. For example, firms who have more competitors have a median GDP
uncertainty of 4.20 percentage points. By being in treatment 2, those with more competitors, on
average, adjust their expectations to 3.43 percentage points compared to the baseline who adjust
their GDP uncertainty to 3.49 percentage points. By extending the rational inattention model, we
would expect that firms with a high amount of competition are comfortable updating their beliefs
frequently. Therefore, firms with a high amount of competition may react more to the treatments
because they place more weight on macroeconomic information than other firms who may be

more wary.



60
Table 5

Treatment Effects on GDP Uncertainty by Competition

Baseline Low competition Medium High competition Joint test p-value
firms competition firms firms

Treatment 1 1.25%** 1.18%** 1.21%%* 1.42%%%* 0.59
(0.09) (0.17) (0.15) (0.13)

Treatment 2 2.61%** 2.54%** 2.52%x% 3.01%** 0.01%**
(0.08) (0.17) (0.13) (0.13)

Treatment 3 2.77%** 2.59%** 2.89%** 2.86%** 0.40
(0.08) (0.19) (0.11) (0.12)

Prior range 0.99%** 0.99%** 1.00%*** 0.99%** 0.07*
(0.00) (0.00) (0.00) (0.00)

Prior range x -0.92%** -0.91%** -0.92%** -0.96%** 0.64

treatment 1 (0.02) (0.03) (0.03) (0.03)

Prior range x -0.79%** -0.77*** -0.76%** -0.90%** 0.00%***

treatment 2 (0.02) (0.03) (0.03) (0.03)

Prior range x -0.94%** -0.90%** -0.98%** -0.96%** 0.25

treatment 3 (0.02) (0.03) (0.02) (0.03)

Observations 4,212 1,308 1,685 1,219 -

r-squared 0.83 0.83 0.82 0.83 -

Note. Competition sub-categories are determined by: low <=5, 5 <medium <=15, high > 15. The
table reports estimates for GDP uncertainty after treatments, following specification 2. Robust

standard errors are reported in parentheses.

Table 6 outline the heterogenous effects of the treatments on the value that firm manger’s place
on professional forecasts and while the magnitudes in Table 6 are small, it is interesting to note
that firms who place a medium value on professional forecasts react more to the treatments than
the baseline. A possible explanation for this is that firms who place a high value on professional
forecasts, and firms who place a low value on professional forecasts don’t trust the information
treatments as much, for different reasons. For firms who place a high value on professional
forecasts, they are already informed and may have received other information which they trust
more than the information news. This aligns with findings from Yang (2022) who discuss how
firms who sell multiple products value information about monetary policy more and therefore
they are paying greater attention to macroeconomic conditions. On the other hand, firms who
place a low value on professional forecasts may value their own knowledge and beliefs more than
the professional forecasts. This would result in them assigning a lower weight to the information

from the treatments and reacting more mildly than other firms.
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Table 6

Treatment Effects on GDP Uncertainty by Value of Professional Forecasts

Baseline Low value of  Medium value of High value of prof. Joint test p-value
prof. forecasts prof. forecasts forecasts firms
firms firms
Treatment 1 1.25%%%* 1.34%%* 1.51%%* 0.817%%* 0.03%*
(0.09) (0.09) (0.11) (0.21)
Treatment 2 2.61%%* 2.33%%* 2.85%** 2.41%%* 0.02%%*
(0.08) (0.16) (0.09) (0.17)
Treatment 3 2.77%** 2.78%** 2.81%** 2.69%** 0.74
(0.08) (0.16) (0.11) (0.14)
Prior range 0.99%** 0.99%#** 0.99%*** 0.99%#** 0.52
(0.00) (0.00) (0.00) (0.00)
Prior range x -0.92%#* -0.95%#* -0.97%%* -0.84%4* 0.05%*
treatment 1 (0.02) (0.02) (0.02) (0.04)
Prior range x -0.79%%* -0.73%%* -0.83%%* -0.78*H* 0.07*
treatment 2 (0.02) (0.03) (0.02) (0.03)
Prior range x -0.94%4* -0.92%#* -0.95%** -0.95%#* 0.92
treatment 3 (0.02) (0.04) (0.02) (0.03)
Observations 4,212 1,230 1,790 1,192 -
r-squared 0.83 0.83 0.84 0.81 -

Note. Value of professional forecasts sub-categories are determined by: low <= $300, $300 <
medium<= $600, high > $600. The table reports estimates for GDP uncertainty after treatments,

following specification 2. Robust standard errors are reported in parentheses.

One of the key results from our analysis into the heterogeneous impacts of a news shock on firms’
expectations is that firms in different industries have heterogenous reactions to the treatments. As
shown in Table 7, there are significant differences observed in how firms’ GDP uncertainty
responds to the treatments by industry. This emphasises the hypothesis from Andrade et al.
(2022a), that firms use industry specific information to inform their macroeconomic expectations.
Therefore, when a macroeconomic shock occurs, firms will respond heterogeneously because
news impacts firms in each industry differently and they will have subjective valuations of the

new macroeconomic information.
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Table 7

Treatment Effects on GDP Uncertainty by Industry

Baseline  Professional Construction Manufacturin Trade firms Transportatio Joint test p-

services firms firms g firms n firms value

Treatment 1 1.25%** 1.22%** 1.29%** 1.35%** 1.05%** 0.98%** 0.41
(0.09) 0.21) (0.29) (0.09) (0.19) (0.34)

Treatment 2 2.61%%* 2.33%%* 2.19%** 2.88%** 2.49%** 2.94%x* 0.00%**
(0.08) (0.20) (0.44) (0.09) (0.16) (0.37)

Treatment 3 2.77%** 2.62%** 1.27 2.74%** 2.78%** 2.61%** 0.08*
(0.08) (0.20) 0.97) (0.09) 0.17) (0.34)

Prior range 0.99%** 1.00%** 0.99%** 0.98%** 0.99%** 0.99%** 0.00%**
(0.00) (0.00) (0.01) (0.00) (0.00) (0.01)

Prior range x -0.92%** -0.90%** -0.99%** -0.95%** -0.89%** -0.90%** 0.17

treatment 1 (0.02) (0.05) (0.03) (0.02) (0.04) (0.07)

Prior range x -0.79%** -0.74%** -0.73%** -0.81%** -0.79%** -0.81%*** 0.64

treatment 2 (0.02) (0.04) (0.08) (0.02) (0.03) (0.06)

Prior range x -0.94%** -0.90%** -0.71%** -0.91%** -0.97%** -0.97*** 0.03%*

treatment 3 (0.02) (0.05) (0.19) (0.02) (0.03) (0.03)

Observations 4,212 1,517 93 1,426 984 192 -

r-squared 0.83 0.76 0.72 0.89 0.81 0.86 -

Note. The table reports estimates for GDP uncertainty after treatments, following specification 2.

Robust standard errors are reported in parentheses.

In Table 7, professional services firms consistently react slightly less to the treatments than the
aggregate, but only by a small magnitude of ~0.03 percentage points. On the other hand, firms in
the transportation and construction industries react inconsistently to the treatments. For example,
firms in the transportation industry had a stronger reaction to treatment 3 than the baseline while
construction firms have a weaker reaction. Transportation firms had the highest level of initial
GDP uncertainty, with a median of 8.35 percentage points and being in treatment 3 caused
transportation firms to adjust their beliefs to 2.86 percentage points on average. Comparatively,
the baseline only reduced their GDP uncertainty to 3.27 percentage points. For construction firms,
they react less to treatment 3 than the baseline, and only move on average from their median of
7.20 percentage points to 3.36 percentage points. The baseline reduces their uncertainty to 3.20
percentage points. This also shows that although initially transportation firms were more
uncertain than construction firms, being in treatment 3 causes the median transportation firm to

be more certain than median construction firm.

The treatments affect the expectations of firms in all industries, as all firms converge towards the
expectations of professional forecasters. However, there is heterogeneity within an industry in
their reactions to the treatments. Notably, there is a lack of consistency in how an industry groups

react to each of the different treatments, except for professional services firms. For example, firms
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in the construction industry react more to treatment 1 but less to treatments 2 and 3, rather than
consistently reacting less to all treatments, such as in the professional services industry. This
suggests that policy makers should consider which type of news will be most effective for

different groups of firms when conveying macroeconomic information.

Firms with different characteristics have heterogenous expectations prior to the treatments.
However, these results suggest that for the most part, expectations on GDP uncertainty
homogenously respond to the treatments. There is some heterogeneity observed when splitting
firms by industry, but the overall impact continues to be that the firms’ beliefs converge towards

the expectations of professional forecasters.

3.4.4. Heterogeneous Treatment Effects on Sales and Inflation Uncertainty

While the analysis for inflation uncertainty showed very similar results to GDP uncertainty, the
results on sales uncertainty differ, with significantly more heterogeneity present. We would
expect that inflation and GDP uncertainty expectations align as firms form their macroeconomic
beliefs jointly. However, in forming their microeconomic beliefs, firms underreact to
macroeconomic shocks (Born et al., 2022) and this can help explain why firms’ expectations on
sales uncertainty are starkly different to GDP and inflation uncertainty expectations. For inflation
uncertainty the dimensions along which there is the most heterogeneity are by employment size,
competition, margin and industry, with the heterogeneity by industry even greater for inflation
uncertainty than previously observed for GDP uncertainty. For sales uncertainty, there is
heterogeneity in firms’ reactions to the treatments along many different characteristics, including
employment size, profit margin, number of competitors, age, total production, customer network,

value of information and industry.

For the firm characteristics on inflation uncertainty, these mostly align with the results from GDP
uncertainty and there is not a significant amount of heterogeneity. Appendix Q, R, S, T, U, V, &
W show the impact of the treatments on firms’ inflation uncertainty expectations by firm
characteristics. The results for employment size, competition, age, production total, customer
network, value of professional forecasts and value of network information show limited

heterogeneity, in line with GDP uncertainty.

Notably, unlike for GDP uncertainty, low margin firms, as shown in Table 8, reacted less to the
treatments compared to the baseline. For example, the median inflation uncertainty for low margin
firms prior to the treatments was 4.40 percentage points. The treatments caused firms with a low
margin to reduce their uncertainty to 3.77 percentage points in treatment 2 compared to the
baseline of 3.67 percentage points. This suggests that low margin firms, who are more informed

initially and have a lower inflation uncertainty, are less influenced by the treatments than others.
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Table 8

Treatments Effects on Inflation Uncertainty by Profit Margin

Baseline Low margin firms Medium margin High margin firms Joint test p-value
firms

Treatment 1 0.71%%* 0.50%** 0.71%%* 0.69%** 0.05%*
(0.06) (0.12) (0.08) (0.11)

Treatment 2 1.60%** 1.48%** 1.61%** 1.37%** 0.01%*
(0.07) (0.13) (0.12) (0.13)

Treatment 3 1.47%** 1.23%%* 1.55%** 1.59%** 0.21
(0.07) (0.16) (0.10) (0.13)

Prior range 0.99%** 0.98%#%** 0.99%#** 1.00%** 0.01%*
(0.00) (0.01) (0.01) (0.00)

Prior range x -0.45%%* -0.39%#* -0.44%%* -0.46%%* 0.03%*

treatment 1 (0.01) (0.03) (0.02) (0.02)

Prior range x -0.53%** -0.48*#* -0.55%%* -0.51%** 0.02%*

treatment 2 (0.01) (0.03) (0.02) (0.02)

Prior range x -0.55%%* -0.51%%* -0. 55%** -0.58%** 0.14

treatment 3 (0.01) (0.04) (0.02) (0.02)

Observations 4,212 1,446 1,695 1,071 -

r-squared 0.84 0.74 0.85 0.85 -

Note. Margin sub-categories are determined by: low <= 30%, 30% < medium <=50%, high >
50%. The table reports estimates for inflation uncertainty after treatments, following specification

2. Robust standard errors are reported in parentheses.

As shown in Table 9, for inflation uncertainty there is heterogeneity in how firms who are in
different industries reacted to the treatments. Notably, both transportation and construction firms
had similar prior levels of inflation uncertainty, which was higher than firms in other industries.
The median for firms in the transportation industry was 6.40 percentage points and for those in
the construction industry it was 6.70 percentage points. However, the adjustment in their inflation
uncertainty from the treatments is not the same. From their prior median, transportation firms
consistently have a stronger adjustment in their beliefs than the baseline, whereas construction
firms are inconsistent. For treatment 3, transportation firms reduce their uncertainty to 4.25
percentage points, whereas the baseline is 4.35 percentage points. On the other hand, firms in the
construction industry reduce their uncertainty from 6.70 percentage points to 4.85 percentage
points if they are in treatment 3 while the aggregate reduces their uncertainty to 4.49 percentage
points. Therefore, or inflation uncertainty, the average transportation firm has a strong reaction to
treatment 3, while the average construction firm has a weak reaction. Furthermore, there is a large
amount of variability in the treatment dummy variables for construction and transportation firms.
This suggests that for firms in these industries who initially had very low uncertainty, they

respond to the treatments differently to the baseline.
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Table 9

Treatment Effects on Inflation Uncertainty by Industry

Baseline  Professional Construction Manufacturin Trade firms Transportatio Joint test p-

services firms firms g firms n firms value

Treatment 1 0.71%** 0.74%** 0.81** 0.68*** 0.67*** 0.10 0.01**
(0.06) (0.09) 0.37) 0.12) (0.11) (0.17)

Treatment 2 1.60%*** 1.51%** 0.79 1.45%** 1.57%** 1.43%** 0.02%*
(0.07) (0.13) (0.52) (0.15) (0.11) (0.34)

Treatment 3 1.47%** 1.63%*** 2.44%** 1.22%** 1.50%** 1.82%** 0.02%*
(0.07) (0.10) (0.58) 0.17) (0.13) (0.29)

Prior range 0.99%** 1.00%*** 1.00%** 0.97%** 0.99%** 1.00%*** 0.01%**
(0.00) (0.00) (0.00) (0.01) (0.01) (0.00)

Prior range x -0.45%** -0.43%** -0.46%** -0.44%** -0.47%** -0.38%** 0.28

treatment 1 (0.01) (0.02) (0.07) (0.03) (0.02) (0.03)

Prior range x -0.53%** -0.51%** -0.43%** -0.46%** -0.56%** -0.55%** 0.03%*

treatment 2 (0.01) (0.03) (0.09) (0.04) (0.02) (0.05)

Prior range x -0.55%** -0.56%** -0.64%** 0.527%%%* -0.57%** -0.62%** 0.02%%*

treatment 3 (0.01) (0.02) (0.09) (0.04) (0.02) (0.04)

Observations 4,212 1,517 93 1,426 984 192 -

r-squared 0.84 0.84 0.82 0.71 0.88 0.89 -

Note. The table reports estimates for inflation uncertainty after treatments, following specification

2. Robust standard errors are reported in parentheses.

Also, manufacturing firms’ beliefs on inflation uncertainty reacted to the treatments less in
general than the aggregate. While the difference is not large, it suggests that firms in the
manufacturing industry are less likely to transmit information from one macroeconomic variable
(GDP) to inform expectations about another macroeconomic belief (inflation). This is contrasting
to firms in other industries, like those in the trade industry who reacted more than the aggregate.
Overall, these results on inflation uncertainty support the idea that there is limited heterogeneity
in how firms with different characteristics update their macroeconomic expectations from the

treatments, except for industries.

On the other hand, in analysing the treatment effects on sales uncertainty, research suggests
(Barrero, 2021; Born et al., 2022) that firms don’t form their macro and micro beliefs in the same
way. Therefore, it is unsurprising that the heterogeneity in treatment effects for sales uncertainty
is strikingly different from GDP uncertainty. In particular, there is a lot more observed
heterogeneity in how the treatment effects influence sales uncertainty. The results documented in
Tables 10, 11, 12, & 13 show the impact of the treatments on sales’ uncertainty by profit margin,
customer network, value of professional forecasts and industry. On the other hand, there was
limited heterogeneity in firms’ reaction to the treatments on their sales uncertainty by number of

employees, competition, age, production total and value of network information, as can be found
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in Appendix X, Y, Z, AA, & BB. Further, the heterogeneity observed through industry is
significantly stronger than for GDP and inflation uncertainty. The Wald test statistics are

statistically significant for all the estimates at the 1% level, other than for the control group.

Profit margin, as shown in Table 10, has some of the highest heterogeneity observed for the
treatment effects on sales uncertainty. Firms who have a low profit margin react considerably less
to the treatments than firms with a high profit margin. In particular, for firms with a low profit
margin, being in treatment 2 is associated with a 0.30 percentage point increase in sales
uncertainty with the term for the interaction of treatment 2 and prior uncertainty showing a 0.13
percentage point decrease. On the other hand, for firms with a high profit margin, treatment 2 is
associated with a 1.06 percentage point increase in sales uncertainty and the interaction term is
0.29 percentage points. One possible explanation is that firms with lower profit margins were
already paying attention to macroeconomic information, and therefore additional information
does not significantly alter their sales expectations. Alternatively, low profit margin firms may

generally weight macroeconomic information less when forming their sales beliefs.

Table 10

Treatment Effects on Sales Uncertainty by Profit Margin

Baseline Low profit margin ~ Medium profit Large profit margin Joint test p-value
firms margin firms firms

Treatment 1 0.77%%* 0.427%%* 0.80%%** 0.99*** 0.00%***
(0.06) (0.08) (0.09) (0.13)

Treatment 2 0.88%** 0.30%** 0.99%%** 1.06%** 0.00%**
(0.06) (0.04) (0.09) 0.12)

Treatment 3 0.81%** 0.42%%* 0.85%** 0.90%** 0.00%**
(0.06) (0.05) (0.09) 0.14)

Prior range 0.99%** 1.00*** 1.00*** 0.99%** 0.58
(0.00) (0.00) (0.00) (0.01)

Prior range x -0.24%%* -0.17%%* -0.25%%* -0.27%%* 0.00%**

treatment 1 (0.01) (0.02) (0.02) (0.02)

Prior range x -0.26%** -0.13%** -0.27%** -0.29%%* 0.00%**

treatment 2 (0.01) (0.01) (0.02) (0.02)

Prior range x -0.24%%* -0.16%+** -0.25%** -0.27%%* 0.00%**

treatment 3 (0.01) (0.01) (0.02) (0.03)

Observations 4212 1,446 1,695 1,071 -

r-squared 0.94 0.96 0.94 0.93 -

Note. Margin sub-categories are determined by: low <= 30%, 30% < medium <=50%, high >
50%. The table reports estimates for sales uncertainty after treatments, following specification 2.

Robust standard errors are reported in parentheses.
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Another notable source of heterogeneity in how the treatments impacted firms’ sales uncertainty
is the number of discussions with their customer network, as shown in Table 11. For firms who
have many discussions with their customer network per month, they react less to the treatments
than firms who have fewer discussions with their customer network. This could be because firms
who have more frequent discussions with their customers are already paying more attention to
macroeconomic information. Wegner et al. (2023), show that during times of crises, with
increased levels of uncertainty, firms are more likely to increase their networks, and this aligns
with our findings in prior beliefs. Firms with large customer networks are associated with lower
sales uncertainty (5.10 percentage points) initially compared to firms who have less frequent
discussions with their customers (5.60 percentage points). Therefore, a lack of attention on

macroeconomic information can cause firms to react more to treatments on their sales uncertainty

beliefs.

Table 11

Treatment Effects on Sales Uncertainty by Number of Talks with Customers

Baseline Small customer Medium customer Large customer  Joint test p-value
network firms network firms network firms

Treatment 1 0.77*%* 0.79%%** 0.84%%%* 0.66*** 0.07*
(0.06) (0.09) (0.09) (0.16)

Treatment 2 0.88*** 0.88%%** 1.05%%* 0.46%** 0.00%***
(0.06) (0.08) (0.10) (0.13)

Treatment 3 0.81%** 0.84%%%* 0.85%%** 0.67*%* 0.32
(0.06) (0.11) (0.08) (0.15)

Prior range 0.99*** 0.99%#** 0.99%#** 1.00%** 0.23
(0.00) (0.00) (0.01) (0.00)

Prior range x -0.24 %% -0.24%%* -0.26%%* -0.23%%* 0.14

treatment 1 (0.01) (0.02) (0.02) (0.03)

Prior range x -0.26%** -0.25%** -0.29%** -0.18%** 0.01%**

treatment 2 (0.01) (0.02) (0.02) (0.03)

Prior range x -0.24%%* -0.25%** -0.25%** -0.23%%* 0.53

treatment 3 (0.01) (0.02) (0.02) (0.03)

Observations 4,212 1,755 1,524 933 -

r-squared 0.94 0.94 0.94 0.94 -

Note. Customer network sub-categories are determined by: low <= §, 8§ < medium <=20, high >
20. The table reports estimates for sales uncertainty after treatments, following specification 2.

Robust standard errors are reported in parentheses.
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Contrary to this, firms who place a high value on macroeconomic information, as shown in Table
12, have a greater revision in their sales uncertainty estimates from the treatments than other
groups. This could be because they value the macroeconomic information and translate this to be
meaningful for their own sales estimates. This provides some interesting insights into how micro
and macroeconomic beliefs for firms are connected. We can hypothesise that while firms on
average underreact to macroeconomic shocks when forming their expectations (Born et al., 2022),
firms who place a higher value on professional forecasts are associated with reacting more to

macroeconomic shocks.

Table 12

Treatment Effects on Sales Uncertainty by Value of Professional Forecasts

Baseline Low value of prof. Medium value of High value of prof. Joint test p-value
forecasts firms prof. forecasts forecasts firms
firms
Treatment 1 0.77%** 0.65%** 0.68%** 1.03%*** 0.02%*
(0.06) (0.11) (0.10) (0.10)
Treatment 2 0.88%** 0.86%** 0.74%%* L LH** 0.06*
(0.06) (0.09) (0.10) 0.11)
Treatment 3 0.81%** 0.70%** 0.69%** 1.07*** 0.04**
(0.06) (0.15) (0.07) 0.11)
Prior range 0.99%*** 1.00%%** 0.99%#** 0.99%*** 0.90
(0.00) (0.00) (0.01) (0.00)
Prior range x -0.24 %% -0.22%%* -0.23%%* -0.29%%* 0.04**
treatment 1 (0.01) (0.02) (0.02) (0.02)
Prior range x -0.26%%* -0.26%%* -0.22%%* -0.30%** 0.05%*
treatment 2 (0.01) (0.02) (0.02) (0.02)
Prior range x -0.24 %% -0.22%%* -0.22%%* -0.30%** 0.03**
treatment 3 (0.01) (0.03) (0.01) (0.02)
Observations 4212 1,230 1,790 1,192 -
r-squared 0.94 0.94 0.95 0.93 -

Note. Value of professional forecasts sub-categories are determined by: low <= $300, $300 <
medium <= $600, high > $600. The table reports estimates for sales uncertainty after treatments,

following specification 2. Robust standard errors are reported in parentheses.
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As with GDP and inflation uncertainty, for sales uncertainty there is significant heterogeneity by
industry, as shown in Table 13. In particular, firms in the trade industry consistently react more
to the treatments than the aggregate, whereas manufacturing firms consistently react less to the
treatments than the aggregate. Interestingly, this corresponds to the initial beliefs that firms report,
as trade firms were the most uncertain on their sales (median of 8.70) for their priors, and
manufacturing firms were the least uncertain on their prior sales (median of 4.80). Therefore, it
is possible that for firms in the trade industry, they respond more to the treatments because they
were paying less attention to begin with. This also might explain why firms in the trade industry

had higher sales uncertainty at the first stage, and the opposite is true for manufacturing firms.

Table 13

Treatment Effects on Sales Uncertainty by Industry

Baseline  Professional Construction Manufacturin Trade firms Transportatio Joint test p-

services firms firms g firms n firms value

Treatment 1 0.77%** 0.67%** 0.39 0.31%** 1.41%** 0.86 0.00%**
(0.06) (0.08) (0.26) (0.05) 0.17) (0.54)

Treatment 2 0.88%** 0.70%** 1.65%** 0.27%** 1.61%** 1.16%*** 0.00%**
(0.06) (0.09) (0.39) (0.04) 0.14) (0.43)

Treatment 3 0.81%** 0.76%** 1.14%** 0.33%** 1.20%** 0.78%** 0.00%**
(0.06) (0.07) (0.39) (0.05) 0.17) (0.28)

Prior range 0.99%** 1.00%*** 0.99%** 1.00%** 0.99%** 0.96%** 0.47
(0.00) (0.00) (0.01) (0.00) (0.01) (0.03)

Prior range x -0.24%%* -0.24%%* -0.11%* -0.15%%* -0.31%%* -0.21* 0.00%**

treatment 1 (0.01) (0.02) (0.06) (0.01) (0.02) (0.11)

Prior range x -0.26%%* -0.25%%* -0.37%%* -0.12%%* -0.33%%* -0.28*H* 0.00%**

treatment 2 (0.01) (0.02) (0.08) (0.01) (0.02) (0.08)

Prior range x -0.24%%* -0.25%%* -0.27%%* -0.13%%* -0.29%%* -0.20%%* 0.00%**

treatment 3 (0.01) (0.02) (0.09) (0.01) (0.02) (0.06)

Observations 4,212 1,517 93 1,426 984 192 -

r-squared 0.94 0.94 0.87 0.96 0.90 0.92 -

Note. The table reports estimates for sales uncertainty after treatments, following specification 2.

Robust standard errors are reported in parentheses.
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Construction firms were inconsistent in how they responded to the treatments, with a lesser
reaction to treatment 1 than the aggregate for their sales uncertainty, but a greater reaction than
the aggregate to treatments 2 and 3. For construction firms in treatment 2, if the prior range was
0.00 percentage points (100% certain), the increase in their sales uncertainty range was 1.65
percentage points, compared to the aggregate of 0.88 percentage points. Also, as their prior range
increased by 1.00 percentage points, firms in the construction industry in treatment 2 decreased
their uncertainty by 0.37 percentage points, compared to the aggregate of 0.26 percentage points.
Whereas for treatment 1, if the prior belief was 0.00 percentage points, construction firms
increased their sales uncertainty by 0.39 percentage points, compared to the baseline of 0.77
percentage points, and as the prior sales uncertainty increased by 1.00 percentage points, posterior
sales uncertainty decreased by 0.11 percentage points for firms in the construction industry
compared to the aggregate of 0.24 percentage points. This supports the idea that for some
industries, there is significant variation in how they respond to each treatment, whereas for other

industries the reaction is more consistent across all information treatments.

Overall, the results on inflation and sales uncertainty show contrasting effects. For inflation
uncertainty the results broadly align with the results for GDP uncertainty and suggest that firms
react homogeneously along firm characteristics with the exception of industry classifications. For
sales uncertainty, there is a lot more heterogeneity along many different dimensions. This not
only supports the idea that macro and micro beliefs are formed differently but also suggests that

there might be heterogeneity in the reaction to the treatments at a deeper level.

3.5. Further Analysis Treatment Effects by Industry

3.5.1. Interacting Firm Characteristics and Industries for the Impact on Treatments

The analysis in section 3.4., provided evidence that there was limited heterogeneity in how firms
with different characteristics reacted to the treatments and updated their macroeconomic
uncertainty. There was more heterogeneity observed for how the treatments impacted firms own
sales uncertainty. Across GDP, inflation and sales uncertainty, industry groups had the largest
impact on how firms reacted to the treatments. Due to this observation, we decided to analyse the
impact of industries on the treatments in more detail by using the interaction of industries and

other firm characteristics.

To conduct this analysis on uncertainty, sub-samples were created. These sub-samples show an
intersection of the industry classifications and other firm characteristics such as employment size
or profit margin as discussed throughout this analysis. Therefore, to analyse the impact of each
characteristic with industry groups on expectations, firms were split into 10 groups. This

comprises of a high-low split for each characteristic, which is then also split into the 5 industry
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categories. For each characteristic we determined the cut-off point to split the firms into categories
by using the median, allowing half of the total firms in each of the high/low categories. Once the
entire sample-set had been divided into these different groups, regressions for each of the sub-
samples were conducted following specification (2). This allowed us to examine whether the
results from each of the samples differ significantly from the baseline or not, in line with the

method in 3.4..

To prevent the sample from being divided into excessively small groups, firm characteristics have
generally been categorised as either high or low. Firms with values below the median for a given
characteristic are classified as low, while those above the median are classified as high. For
example, the median for profit margin is 39.75, therefore, firms who are classified as having a
high profit margin are those with a margin of 40% or greater, and those classed with a low profit
margin are those with a margin of less than 40%. For each characteristic group, these are split
into industries under the ANZSIC classification, resulting in 10 sub-samples to compare for each

characteristic.

This method has multiple advantages. Firstly, it is directly comparable to the method we used in
our analysis in section 3.4. which allows for ease in comparing the results obtained from each
section. Secondly, it pinpoints specific small groups and how they respond to the treatments, this
is particularly useful for policy makers who wish to identify groups to target. Finally, this method
can help us to determine the cause of heterogeneity in firms’ reaction to a news shock. This is
because we can analyse whether industry effects alone are associated with different reactions, or

whether the source of heterogeneity is a wide range of firm characteristics.

In line with the previous sections, we analysed the intersection of industry and firm characteristics
for employment size, competition, total production, customer network, value of professional
forecasts and profit margin. In this section of the analysis, value of network information and age
variables were excluded. This because there was very limited heterogeneity in both the initial

expectations and in firms’ reaction to the treatments on beliefs.

3.5.2. Interacting Firm Characteristics and Industries for the Impact of the Treatments

on GDP Uncertainty

Splitting firms into different sub-samples along two different dimensions, provides a better
picture as to the potential heterogeneous reactions to the treatments. Tables 14, 15, 16, 17, 18 &
19 show the treatment effects on GDP uncertainty by the different sub-samples. The industry
categorisation is interacted separately with each of the firm characteristics for number of
employees (Table 14), number of competitors (Table 15), total production (Table 16), customer
network (Table 17), value of professional forecasts (Table 18), and profit margin (Table 19) to

obtain the results. In each of these tables the results show heterogeneity in how firms with
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different characteristics in different industries react to the information treatments by updating

their GDP uncertainty estimates.

In Table 14, industry and employment size are interacted. The firms were split into high
employment if they had 30 employees or greater, and small if they had below 30 employees.
Following this, they were divided into their industry groups, creating 10 sub samples. These
results using specification (2) show that there is a large amount of heterogeneity in how firms
react to the treatments based on their size within their industry. For example, firms which are
considered large and in the professional services industry react a lot less to treatments 1 & 2 than
other firms. Large professional services firms with a prior GDP range of 0.00 percentage points
adjust their GDP range upwards by 0.53 percentage points compared to the baseline of 1.25
percentage points if they are in Treatment 1. This aligns with previous observations that large
firms react less to the treatments than others and that professional services firms react less to the
treatments than others. However, this shows that not all large firms react to the treatments less
(large firms in the manufacturing industry react more) and not all professional services firms react
less, (small professional services firms are mostly in line with the baseline), but rather large
professional services firms in particular react less to treatments 1 & 2. This is meaningful to policy
makers as they can accurately target the specific groups who will react the most and therefore

have the biggest impact.



Table 14

Treatment Effects on GDP Uncertainty by Industry and Number of Employees
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Baseline Small Small Small Small trade Small Large Large Large Large trade Large
professional ~ construction manufacturing firms transportation  professional ~ construction manufacturing firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 1.25%** 1.47%** 1.31%** 1.33%%* 1.02%** 1.08*** 0.53 0.93%** 1.44%** 1.39%** 0.70
(0.09) (0.16) (0.30) (0.15) (0.23) (0.35) (0.59) (0.35) 0.14) (0.46) (0.68)
Treatment 2 2.61%** 2.47%** 2.09%** 2.91%** 2.58%** 1.93%** 1.94%** 2.50%** 2.92%** 2.45%** 3.66%**
(0.08) (0.25) 0.57) (0.12) 0.17) (0.42) (0.38) (0.66) (0.18) (0.63) (0.51)
Treatment 3 2.77%** 2.53%*% 3.06%** 2.90%** 2.82%** 2.56%** 2.92%x* -3.04 2.72%** 2.40%** 2.48%x*
(0.08) (0.22) (0.10) (0.09) (0.15) (0.38) (0.42) (2.14) (0.19) (0.64) (0.55)
Prior range 0.99%** 1.00%** 0.99%** 0.99%** 0.99%** 0.99%** 1.00%*** 1.00%** 0.97%** 1.00%** 0.99%**
(0.00) (0.00) (0.02) (0.01) (0.00) (0.01) (0.00) (0.01) (0.01) (0.00) (0.01)
Prior range x -0.92%4* -0.95%#* -0.99%** -0.95%#* -0.90%** -0.92%** -0.78*H* -0.95%#* -0.96%** -0.92%#* -0.87*H*
treatment 1 (0.02) (0.04) (0.04) (0.04) (0.05) (0.08) (0.12) (0.04) (0.02) (0.06) (0.12)
Prior range x -0.79%%* -0.78*H* -0.72%%* -0.83%#* -0.82%** -0.66%** -0.66%** -0.76%%* -0.81#** -0.73%%* -0.90***
treatment 2 (0.02) (0.06) 0.12) (0.03) (0.04) (0.08) (0.07) (0.09) (0.03) (0.08) (0.07)
Prior range x -0.94%4* -0.88*H* -1.07%%* -0.97*%* -0.98*** -0.94 %% -0.97*%* -0.20%%* -0.90%** -0.95%#* -0.98***
treatment 3 (0.02) (0.05) (0.02) (0.02) (0.03) (0.03) (0.09) (0.30) (0.03) (0.09) (0.05)
Observations 4,212 1,164 55 818 798 96 353 38 608 186 96
r-squared 0.83 0.79 0.69 0.91 0.83 0.84 0.72 0.79 0.88 0.76 0.87

Note. Employment size sub-categories are determined by: small < 30, large > =30.

specification 2. Robust standard errors are reported in parentheses.

The table reports estimates for GDP uncertainty after treatments, following
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For the effects of competition without splitting by industry groups, firms with more competition
react more to the treatments than others. However, in Table 15 the interaction of competition and
industries shows that depending on the industry and the treatment group a firm is in, high
competition may be associated with either a stronger reaction, or a weaker reaction. For firms in
treatment 1, the strongest reaction to the treatments was by low competition construction firms,
and high competition professional services firms. The weakest reaction to treatment 1 was from
low competition professional services firms and high competition transportation firms. This
suggests that the reaction to the treatments for firms in the professional services industry is highly
influenced by competition, but this appears to primarily be the case for Treatment 1, and not
treatments 2 & 3. For competition by industry, treatments 2 and 3, also show a large amount of
heterogeneity. The strongest reaction to treatment 2 is by low competition transportation firms
and high competition manufacturing firms. Interestingly, for both of these groups, firms react
more strongly to treatment 2, than to treatment 3. This suggests that for firms who are in the
transportation industry and face low competition and for firms who are in the manufacturing
industry and face high competition, it is more effective to provide them with information only
regarding uncertainty than to provide them with information regarding uncertainty and mean
estimates. This is useful to policy makers, as it shows that depending on the industry and level of
competition for firms, the most effective information treatments to reduce macroeconomic

uncertainty will be different.



Table 15

Treatment Effects on GDP Uncertainty by Industry and Number of Competitors
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Baseline Low Low Low Low Low High High High High High
competition competition competition competition competition competition competition competition competition competition
professional ~ construction manufacturing trade firms  transportation  professional  construction manufacturing trade firms  transportation

services firms firms firms firms services firms firms firms firms
Treatment 1 1.25%** 0.55 1.79%** 1.48%** 1.44%** 0.97 1.71%** 0.91%** 1.22%** 1.28%** 0.77%*
(0.09) (0.40) 0.61) (0.11) (0.46) (0.69) (0.13) (0.15) (0.20) (0.17) (0.39)
Treatment 2 2.61%** 1.95%** 2.36%** 2.85%** 1.89%** 3.55%** 2.56%** 1.84%* 3.07%** 2.80%** 1.67***
(0.08) (0.31) (0.43) (0.16) (0.45) (0.45) (0.29) (0.96) (0.09) (0.16) (0.44)
Treatment 3 2.77%** 2.38%** -0.58 2.71%** 3.01%** 2.57xx* 2.76%** 3.44%** 2.95%** 2.70%** 2.57xx*
(0.08) (0.38) (1.67) (0.14) (0.42) (0.58) (0.23) (0.44) (0.07) (0.17) (0.36)
Prior range 0.99%** 1.00%** 1.00%** 0.98%** 1.00%** 1.00%*** 1.00%*** 0.99%** 0.98%** 0.99%** 0.98%**
(0.00) (0.00) (0.01) (0.01) (0.00) (0.00) (0.00) (0.01) (0.01) (0.00) (0.01)
Prior range x -0.92%4* -0.80*** -1.02%%* -0.97*%* -0.89%** -0.92%** -1.00%** -0.99*#* -0.93#** -0.97*%* -0.83%#*
treatment 1 (0.02) (0.08) (0.06) (0.02) (0.07) 0.11) (0.03) (0.03) (0.05) (0.04) (0.12)
Prior range x -0.79%%* -0.67*%* -0.77%%* -0.80*** -0.69%** -0.90%** -0.79%H* -0.64%*** -0.88%** -0.86*** -0.61%**
treatment 2 (0.02) (0.06) (0.06) (0.03) (0.06) (0.07) (0.07) (0.20) (0.02) (0.04) (0.08)
Prior range x -0.94%** -0.86%** -0.41%%* -0.90%** -1.00%** -0.98%** -0.93%** -1.16%** -0.98%** -0.96%** -0.95%**
treatment 3 (0.02) (0.08) (0.02) (0.03) (0.06) (0.06) (0.06) (0.10) (0.01) (0.03) (0.03)
Observations 4,212 632 46 776 308 101 885 47 650 676 91
r-squared 0.83 0.77 0.74 0.89 0.77 0.86 0.75 0.81 0.90 0.84 0.87

Note. Number of competitors sub-categories are determined by: low < 9, high > =9. The table reports estimates for GDP uncertainty after treatments, following

specification 2. Robust standard errors are reported in parentheses.
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Although for the most part, in Table 16, the amount of heterogeneity in firms’ reactions to the
treatments is lesser for the interaction of total production and industry, for treatment 3 the results
vary significantly. Firms in the manufacturing industry, on average, react more to the treatments
than the aggregate, but firms who have a low production total in the manufacturing industry have
a stronger reaction to the treatment than those with a high production total. From the median GDP
uncertainty of 6.00 percentage points, firms in the manufacturing industry who have a low
production total in treatment 3 revise their beliefs downwards to 3.05 percentage points, compared
to the baseline of 3.13 percentage points. On the other hand, firms in the manufacturing industry
who have a high production total only revise downwards to 3.36 percentage points, a weaker
reaction to treatment 3 than manufacturing firms who have a high production total. This suggests
that firms in one industry may have specific firm characteristics which causes a big impact on
their uncertainty, while the same firm characteristic does not have a big impact on firms in another
industry. Therefore, it is necessary to understand these mechanisms of heterogeneity to make

informed judgements about policy implications.



Table 16

Treatment Effects on GDP Uncertainty by Industry and Total Production
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Baseline Low Low Low Low Low High High High High High
production production production production production production production production production production
professional ~ construction manufacturing trade firms  transportation professional  construction manufacturing trade firms  transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 1.25%** 1.49%%* 1.18%** 1.47%%* 0.97%** 1.04%%* 1.04%%* 1.22%%* 1.34%%* 1.54%%* 0.87
(0.09) (0.29) (0.30) (0.10) (0.22) 0.31) (0.30) (0.35) (0.15) (0.40) (0.87)
Treatment 2 2.61%%* 2.1 7H** 1.82%* 3.07*** 2.38%%* 2.40%** 2.5]%%* 2.52%%* 2.85%%* 3.15%** 4.46%**
(0.08) (0.30) (0.79) (0.09) (0.18) (0.40) (0.21) (0.43) 0.17) (0.38) (0.85)
Treatment 3 2.77H** 2.58%** 2.96%** 2.99%** 2.75%%* 3.27%** 2.71%%* -1.82 2.70%** 2.87*%* 1.61%*
(0.08) (0.28) (0.09) (0.06) (0.18) (0.25) (0.26) (2.12) (0.15) (0.40) (0.78)
Prior range 0.99%** 1.00%** 0.98*** 0.99%** 0.99%** 0.99%** 1.00%** 1.O1*** 0.98*** 1.00%** 0.99%**
(0.00) (0.00) (0.01) (0.00) (0.00) (0.01) (0.00) (0.00) (0.01) (0.00) (0.00)
Prior range x -0.92%** -0.93%*x* -0.98*** -0.99*** -0.88%** -0.93%*x* -0.88*** -0.98*** -0.94%*x* -0.95%** -0.87%**
treatment 1 (0.02) (0.07) (0.04) (0.02) (0.04) (0.05) (0.06) (0.04) (0.03) (0.06) (0.16)
Prior range x -0.79%** -0.69%** -0.66*** -0.88*** -0.77%** -0.76%** -0.78*** -0.79%** -0.80%** -0.88*** -0.96%**
treatment 2 (0.02) (0.07) (0.15) (0.02) (0.04) (0.08) (0.05) (0.08) (0.03) (0.06) (0.10)
Prior range x -0.94%** -0.86%** -1.00%*** -0.99%** -0.96%** -1.02%%* -0.93%** -0.36 -0.89%** -1.01%** -0.90%**
treatment 3 (0.02) (0.07) (0.02) (0.01) (0.03) (0.03) (0.06) (0.28) (0.03) (0.07) (0.08)
Observations 4,212 495 50 641 824 123 1,022 43 785 160 69
r-squared 0.83 0.80 0.74 0.94 0.81 0.88 0.74 0.76 0.87 0.80 0.84

Note. Total production sub-categories are determined by: low < $20,000,000, high > =$20,000,000, where total production is the value of total production. The table

reports estimates for GDP uncertainty after treatments, following specification 2. Robust standard errors are reported in parentheses.
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Compared to other characteristics, the magnitude of heterogeneity is lower for firms with different
customer networks in different industries, as shown in Table 17. Nonetheless, these results show
that it is an important variable to consider. This is useful because in the previous analysis on the
effect of customer network on firms’ reaction to the treatments, without grouping by industry, the
results in Appendix O show that customer network does not have a meaningful impact. Therefore,
grouping by industry and customer network, as in Table 17, provides evidence for customer
network as a source of heterogeneity, when it did not previously. This also provides support for
findings that during times of increased uncertainty, firms increases their customer base (Leung &
Sun, 2021) and are involved in more networking (Wegner et al, 2023). These findings show a
negative relationship between macroeconomic uncertainty and customer networks. The
heterogeneity in Table 17, indicates that customer network has an impact on how firms respond
to an exogenous macroeconomic uncertainty shock. As networks are a valuable way through
which monetary policy is transmitted, the heterogenous reactions to a news shock caused by

customer network effects is important for policy makers.



Table 17

Treatment Effects on GDP Uncertainty by Industry and Customer Network
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Baseline Small network Small network Small network Small network Small network Large network Large network Large network Large network Large network
professional ~ construction manufacturing trade firms  transportation  professional  construction manufacturing trade firms  transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 1.25%** 1.32%%* 1.89%** 1.30%** 1.10%** 0.78%** 1.18%** 1.08** 1.37%** 1.05%** 1.23%*
(0.09) (0.27) (0.95) (0.10) (0.34) 0.47) (0.29) (0.29) 0.14) (0.19) (0.51)
Treatment 2 2.61%** 2.09%** 2.24%** 2.76%** 2.52%** 3.35%** 2.45%x* 2.13%* 2.93%%* 2. 44%%* 2.42%%*
(0.08) (0.34) (0.36) (0.21) (0.19) 0.47) (0.24) (0.84) (0.09) (0.27) (0.59)
Treatment 3 2.77%** 2.67%** -1.81 2.50%** 2.98%** 2.68%*** 2.59%** 3.02%** 2.85%%* 2.56%** 2.58%%*
(0.08) (0.29) (1.72) (0.22) (0.20) (0.55) (0.27) (0.58) (0.08) (0.27) (0.43)
Prior range 0.99%** 1.00%** 1.00%** 0.99%** 1.00%** 1.00%*** 1.00%*** 0.99%** 0.98%** 0.99%** 0.98%**
(0.00) (0.00) (0.01) (0.00) (0.00) (0.01) (0.00) (0.01) (0.01) (0.00) (0.01)
Prior range x -0.92%4* -0.91*%* -1.04%%* -0.95%#* -0.88*** -0.90%** -0.90*** -0.98*** -0.95%** -0.92%#* -0.91*%*
treatment 1 (0.02) (0.06) (0.09) (0.02) (0.06) (0.10) (0.07) (0.04) (0.03) (0.04) (0.09)
Prior range x -0.79%%* -0.69%** -0.73%%* -0.79%H* -0.78%** -0.84 %% -0.76%%* -0.73%%* -0.83%** -0.79%H* -0.77*%*
treatment 2 (0.02) (0.08) (0.06) (0.05) (0.04) (0.09) (0.05) (0.14) (0.02) (0.05) (0.09)
Prior range x -0.94%4* -0.91*%* -0.24 %% -0.87*H* -1.00%** -0.99%** -0.89%#* -1.09%** -0.94 %% -0.94%4* -0.96%**
treatment 3 (0.02) (0.06) (0.23) (0.05) (0.04) (0.06) (0.06) (0.14) (0.02) (0.05) (0.04)
Observations 4,212 511 35 500 508 88 1,006 58 926 476 104
r-squared 0.83 0.77 0.73 0.89 0.79 0.87 0.76 0.81 0.89 0.83 0.85

Note. Customer network sub-categories are determined by: small < 8, large > =8, where customer network is the number of discussions with their customers per month.

The table reports estimates for GDP uncertainty after treatments, following specification 2. Robust standard errors are reported in parentheses.
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For value of professional forecasts, as shown in Table 18, there is significant heterogeneity. A
key result is that firms who are in the professional services industry who place a high value on
professional forecasts consistently have weaker reactions to the treatments than the baseline. The
underlying mechanism for this may be due to attention. It can be argued that firms who are paying
attention to macroeconomic variables will value information on macroeconomics highly, but
because they are paying attention, they will respond to the treatments less because they are already
more informed. This aligns with research by Link et al. (2023), who use inflation expectations to
show that firms who pay more attention to macroeconomic conditions are more confident in their
beliefs, but these expectations tend to deviate more strongly away from the expectations of
professional forecasters. Therefore, firms in the professional services industry who value
macroeconomic information highly, may have a weaker response to the treatments as they are
paying attention already, leading them to be more confident but also less responsive to

information on professional forecasts.



Table 18

Treatment Effects on GDP Uncertainty by Industry and Value of Professional Forecasts
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Baseline Low value of Low value of Low value of Low value of Low value of High value of High value of High value of High value of High value of
forecasts forecasts forecasts forecasts trade forecasts forecasts forecasts forecasts forecasts trade forecasts
professional  construction manufacturing firms transportation  professional ~ construction manufacturing firms transportation

services firms firms firms firms services firms firms firms firms
Treatment 1 1.25%** 1.59%** 2.19%** 1.26*** 1.23%** 1.09%*** 0.88%* 0.75%** 1.60*** 0.94%** 0.88
(0.09) (0.18) (0.62) (0.12) (0.23) (0.26) (0.35) (0.16) (0.16) (0.27) (0.69)

Treatment 2 2.61%** 2.45%** 0.46 2.76%** 2.70%** 2.78*** 2.14%** 2.73%** 3.19%** 2.34%** 3.14%%*
(0.08) (0.27) (1.21) (0.12) (0.19) (0.59) (0.29) (0.29) (0.14) (0.23) (0.42)

Treatment 3 2.77*** 2.79%** -1.28 2.75%** 2.78%** 2.63%** 2.48%*** 3.38%** 2.75%** 2.77*** 2.57***
(0.08) (0.27) (2.07) (0.10) (0.30) (0.49) (0.28) (0.73) (0.17) (0.18) (0.47)

Prior range 0.99%** 1.00*** 1.00*** 0.98%** 0.99%** 0.98%%** 1.00%*** 0.99%** 0.98%** 0.99%** 0.99%%**
(0.00) (0.00) (0.01) (0.00) (0.00) (0.01) (0.00) (0.01) (0.01) (0.00) (0.01)

Prior range x -0.92%%* -0.98*** -1.06%** -0.93%%* -0.94%%* -0.97%%* -0.84 %% -0.95%%* -0.99%** -0.86%** -0.84 %%
treatment 1 (0.02) (0.04) (0.05) (0.03) (0.04) (0.04) (0.08) (0.03) (0.02) (0.06) (0.12)

Prior range x -0.79%*%* -0.76%** -0.41%* -0.79%*%* -0.83%%* -0.75%%* -0.70%*%* -0.84 %% -0.88%** -0.76%** -0.88*#*
treatment 2 (0.02) (0.06) 0.21) (0.03) (0.04) (0.10) (0.06) (0.05) (0.02) (0.05) (0.07)

Prior range x -0.94%** -0.93%** -0.34 -0.92%** -0.95%** -0.98*** -0.88%** -0.87%** -0.90%** -0.99%** -0.96%**
treatment 3 (0.02) (0.06) (0.30) (0.02) (0.06) (0.05) (0.06) (0.18) (0.04) (0.03) (0.04)

Observations 4,212 787 31 1,021 419 93 730 62 405 565 99

r-squared 0.83 0.76 0.72 0.88 0.82 0.90 0.77 0.82 0.91 0.80 0.84

Note. Value of professional forecasts sub-categories are determined by: low < $500, high > = $500.

following specification 2. Robust standard errors are reported in parentheses.

The table reports estimates for GDP uncertainty after treatments,
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The results in Table 19, show a large amount of heterogeneity in how firms with different profit
margins who are in different industries react to the treatments. In particular, manufacturing firms
with a high profit margin have a stronger reaction to the treatments than the baseline. A
manufacturing firm with a high profit margin has a median uncertainty of 7.80 percentage points,
and by being in treatment 2, their uncertainty declines to 4.09 percentage points. For the baseline,
being in treatment 2 would only cause uncertainty to reduce from 7.80 percentage points to 4.25
percentage points. As uncertainty gets larger, the difference between high margin manufacturing
firms and the baseline, would get larger. However, it is key to note that firms were defined as
having a high margin if the profit margin was 40% or greater, in line with the median profit margin
of all firms of 39.75%, but firms in the manufacturing industry have a much lower median profit

margin of 21%. Therefore, the sample size of high margin manufacturing firms is small at 19.
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Treatment Effects on GDP Uncertainty by Industry and Profit Margin
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Baseline Low margin  Low margin  Low margin  Low margin  Low margin  High margin = High margin = High margin  High margin = High margin
professional ~ construction manufacturing trade firms  transportation  professional  construction manufacturing trade firms  transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 1.25%** 1.60%** 0.57 1.34%%* 0.73 0.84 1.06** 1.50%** 3.64* 1.08*** 1.18%**
(0.09) (0.25) (0.35) (0.09) (0.83) (0.59) (0.27) (0.35) (1.87) (0.17) (0.34)
Treatment 2 2.61%** 3.13%** 2.3 %** 2.87%** 2.79%** 2.54%x* 2.17%x* 1.90%** 4.25%** 2.48%** 3.10%**
(0.08) (0.10) (0.53) (0.10) 0.31) (0.55) (0.25) (0.59) (1.46) (0.17) (0.44)
Treatment 3 2.77%** 2.50%** 2.26** 2.72%** 2.36%** 2.81%** 2.66%*** 1.30 2.89%** 2.88%** 2.46%**
(0.08) (0.27) 0.91) (0.09) (0.30) 0.57) (0.24) (0.98) (0.19) (0.16) (0.39)
Prior range 0.99%** 1.00%** 1.00%** 0.98%** 0.99%** 0.99%** 1.00%*** 0.99%** 1.00%** 0.99%** 0.99%**
(0.00) (0.01) (0.02) (0.00) (0.01) (0.01) (0.00) (0.01) (0.01) (0.00) (0.01)
Prior range x -0.92%4* -0.97*%* -0.97%** -0.95%#* -0.82%** -0.86%** -0.88*H* -1.00%** -1.23%%* -0.90*** -0.95%#*
treatment 1 (0.02) (0.06) (0.06) (0.02) 0.17) 0.12) (0.06) (0.03) (0.25) (0.03) (0.04)
Prior range x -0.79%%* -0.95%#* -0.78%** -0.81*H* -0.85%** -0.79%** -0.70%%* -0.68*** -1.02%%* -0.78*H* -0.82%4*
treatment 2 (0.02) (0.02) (0.09) (0.02) (0.07) (0.10) (0.05) (0.11) (0.13) (0.03) (0.07)
Prior range x -0.94%4* -0.87*H* -0.99%** -0.91*%* -0.87%%* -0.98*** -0.91*%* -0.67*%* -1.07%%* -1.00%** -0.96%**
treatment 3 (0.02) (0.07) 0.12) (0.02) (0.13) (0.05) (0.05) (0.20) (0.02) (0.03) (0.04)
Observations 4,212 499 22 1,407 128 70 1,043 73 19 888 122
r-squared 0.83 0.74 0.86 0.89 0.74 0.79 0.78 0.72 0.93 0.82 0.91

Note. Profit margin sub-categories are determined by: low < 40%, high > = 40%. The table reports estimates for GDP uncertainty after treatments, following

specification 2. Robust standard errors are reported in parentheses.
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High margin construction firms, on the other hand, react less to treatments 2 & 3 than the baseline.
From the median prior uncertainty of 7.50 percentage points for high margin construction firms,
by being in treatment 2, their uncertainty declines to 4.30 percentage points on average, whereas
in the aggregate, uncertainty declines to 4.19 percentage points. Further, for treatment 3, for high
margin construction firms, their uncertainty declines by a smaller amount to 3.78 percentage
points, compared to 3.22 percentage points for the aggregate. Therefore, high margin construction
firms react weakly to the treatments, in contrast to high margin manufacturing firms, who react

strongly.

As discussed in section 3.3.2., firms with higher profit margins are associated with higher
uncertainty in their prior GDP beliefs. This pattern holds within specific industries; in
manufacturing, high margin firms have a median uncertainty of 7.80 percentage points, compared
to 6.00 percentage points for low margin firms; in construction, the corresponding medians are
7.50 percentage points and 6.50 percentage points, respectively. Despite this, reactions to the
treatments vary across manufacturing and construction sectors. Therefore, while the prior beliefs
of construction firms and manufacturing firms with different profit margins are similar, their
reaction to treatments is vastly different. High margin manufacturing firms have a stronger
response to the treatments, while high margin construction firms respond less. This suggests that
there is an underlying mechanism which would explain why firms respond heterogeneously to

information treatments.

Overall, by analysing the impact that the intersection of industries and other firm characteristics
have on macroeconomic expectations, this provides a clearer picture on how heterogenous
expectations for firms are. The reaction of firms to receiving GDP information, on their GDP
uncertainty, is still strong, showing the treatments have a large impact on all firms. However,
there is evidence that the reactions of firms to the treatments are heterogenous, depending on their

industry and specific characteristics, such as employment size, competition, and profit margin.

3.5.3. Interacting Firm Characteristics and Industries for the Impact of the Treatments

on Inflation and Sales Uncertainty

In line with the previous findings in section 3.4., when splitting firms by industry and
characteristic groups, the results for inflation uncertainty are economically similar to GDP
uncertainty. In Appendix CC, DD, EE, FF, GG, & HH the results of the sub-samples for the effect
of the treatments on inflation uncertainty are documented. In general, there is heterogeneity in
how firms update their inflation beliefs from the treatments, but the results from the sub-samples
consistently show that informing firms about GDP information causes them to adjust their
inflation uncertainty. The results on inflation uncertainty have two key implications. Firstly, it

supports the idea that expectations on macroeconomic variables are formed jointly, and secondly,
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it provides insights into inflation expectations in countries who currently face high inflation, but

historically faced low inflation.

Given that the results from the sub-sample analysis are similar for GDP uncertainty and for
inflation uncertainty, this supports the idea that firms form their macroeconomic beliefs together
as discussed by Candia et al. (2023). It also shows that providing firms with any macroeconomic
information (such as GDP) will cause them to reduce their uncertainty for all other
macroeconomic variables (such as inflation). Therefore, this provides evidence to support the idea
that these variables are interlinked, and greater uncertainty in one macroeconomic variable will

likely translate to greater uncertainty in other macroeconomic variables.

As all firms adjust their inflation expectations in response to the treatments, this supports the
findings of Baumann et al. (2024), who show that firms in Europe with historically low inflation
but currently experiencing high inflation respond strongly to inflation information. Our findings
show that firms revised their beliefs about inflation uncertainty based on treatments focused on
GDP. This suggests that in countries like New Zealand, which have a history of low inflation,
firms may not be actively monitoring macroeconomic information even during periods of high
inflation. This behaviour aligns with the sticky information model proposed by Mankiw and Reis
(2002), which suggests that firms update their expectations infrequently and may form inflation

uncertainty based on outdated or infrequent information updates.

For sales uncertainty, Appendix 11, JJ, KK, LL, MM & NN show the results for the effect of the
treatments by industry and firm characteristics. In section 3.4.4., the firm characteristics had a
large impact on how firms reacted to the treatments for sales uncertainty, and when splitting firms
into firm characteristic and industry groups, there continues to be heterogeneity. For sales
uncertainty, the results from the interaction of industry and firm characteristics analysis are
generally consistent with the findings on firm characteristics individually but provide deeper

insight into the reactions of specific groups to the treatments.

When analysing the interaction of industry and employment size groups on sales uncertainty in
Appendix II, firms who are small and in the construction industry have heterogeneous reactions
to the different treatments. They react strongly to treatment 2 but react very weakly to treatments
1 & 3. This is an interesting contrast to construction firms who are large, who react strongly to all
three treatments. This result builds from the previous observations in section 3.4.4., that
construction firms have very different responses to each treatment in updating their sales
uncertainty but suggests that this heterogenous reaction to the treatments is for small construction

firms, rather than all firms in the construction industry.

In Appendix NN, the interaction of profit margin and industry shows very heterogenous reactions
to the treatments on firms’ sales uncertainty. Notably, low margin manufacturing firms

consistently react weakly to the treatments, with the treatment dummy and the interaction of the
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treatment with prior sales uncertainty, being roughly half of the aggregate result for all treatment
groups. This supports results from section 3.4.4., that manufacturing firms respond weakly to the
treatments in updating their sales uncertainty, as do low margin firms. Therefore, this analysis
presents a clearer picture on which specific groups of firms react to the treatments more differently

to the rest.

Although the overall strength of the treatments on sales uncertainty is generally lower, as the
transmission of information received on macroeconomics to microeconomic beliefs is weak, there
are some exceptions. In Appendix JJ, firms in the trade industry who have low competition react
strongly to the treatments in updating their sales uncertainty, with a movement from the median
of 7.50 percentage points to 6.44 percentage points if they are in treatment 1, to 6.35 percentage
points if they are in treatment 2, and to 6.30 percentage points if they are in treatment 3. Similarly,
in Appendix LL, for firms who have a large network and are in the trade industry, they revise
their sales uncertainty from the median of 8.60 percentage points to 7.26 percentage points if they
are in treatment 1, to 7.29 percentage points if they are in treatment 2, and to 7.23 percentage
points if they are in treatment 3. This aligns with the results from Table 13, where trade firms
consistently react more strongly to the treatments than other industries for sales uncertainty but
highlights specific characteristics that strengthen this reaction. As trade firms have a greater sales
uncertainty than other industries to begin with, it is a positive signal that they do react strongly to

the treatments.

Overall, by splitting firms into industry and specific firm characteristics groups, this provides
valuable insights into how these different groups respond to the treatments. As the results continue
to show that firms do adjust their beliefs due to the treatments, this analysis verifies the findings
of Kumar et al. (2023). However, there is heterogeneity observed in which groups have stronger
or weaker reactions to the treatments than others, which is useful in showing which groups to

target for the most effective monetary policy outcomes.

3.6. Implications for Monetary Policy

This research has several important implications for monetary policy. These can be summarised
as, 1) firms initially have heterogenous expectations on uncertainty variables which are associated
with firm characteristics, 2) firms react strongly to information treatments regardless of their
specific firm characteristics, and 3) depending on the policy makers intended outcomes, there are

specific groups that can be targeted to have the greatest impact.

Firstly, as discussed in section 3.3., in their prior beliefs’, firms have heterogenous expectations
on uncertainty. In particular, their beliefs are associated with specific firm characteristics such as

employment size, competition, margin, and industry. Therefore, for central banks, it is important
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to consider that some firms are much more uncertain than others, and while the rational
expectations hypothesis (Muth, 1961) is still widely used, this analysis provides further evidence
that this is not the empirical reality. Firms are not entirely informed, and therefore they face
different levels of uncertainty. This supports the intention of policy makers such as the European

Central Bank (De Guindos, 2024) in their move away from rational expectations.

We find that firm characteristics strongly impact the uncertainty of firms on GDP, inflation and
sales. In particular, there is significant heterogeneity by industry group. As firms who are in the
transportation and construction industries have the highest levels of macroeconomic uncertainty,
policy makers may look to target these groups to reduce aggregate uncertainty. Similarly, firms
who have low competition, low customer networks, low efficiency, or who have high profit
margins are associated with having a higher level of macroeconomic uncertainty, and these groups
could be targeted too. For central banks who are looking to reduce uncertainty, it is useful to know
that as with firm and household inflation expectations, macroeconomic uncertainty is
heterogenous. This means that there are some groups which are currently contributing more to

the overall high level of macroeconomic uncertainty.

The second stylised fact, that firms react strongly to information treatments regardless of their
specific firm characteristics, is potentially the most important for policy makers. The treatments
had strong effects on adjusting firms’ macroeconomic uncertainty, even when accounting for
differences in firm characteristics. Given that elevated levels of macroeconomic uncertainty have
been shown to have negative economic outcomes (Kumar et al., 2023; Coibion et al., 2024),
policy makers should seek to reduce uncertainty. As shown in this analysis, there are mechanisms
that policy makers can use to have a large impact on firms, such as providing information on

professional forecasters macroeconomic estimates.

By applying a randomised controlled trial (RCT), we found that information treatments had a
strong impact on firms. However, the method used in this analysis of treating firms with
information is not able to be replicated by the central bank without overregulation and excessive
costs. Therefore, while central banks should focus on reducing the uncertainty of firms by
providing professional forecasts, the question remains; how can the central bank effectively
provide this information to firms? D’Acunto et al. (2021b) show that households do not update
their inflation expectations in response to forward-guidance announcements from the European
Central Bank. With firms and households paying little attention to central bank decisions and
announcements, there have been efforts to diversify how the central bank communicates. As
examples, the Central Bank of Jamaica used music videos to communicate monetary policy
(Coibion et al., 2022) and Twitter is increasingly being used as an effective and direct way for the
central bank to communicate (Ehrmann & Wabitsch, 2022). Therefore, central banks can and
should reduce the macroeconomic uncertainty of firms through communication, but the most

effective method is still up for debate.
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The final implication from this research for monetary policy, is that despite the strong reactions
to the treatments by all firms, there is some heterogeneity, and therefore, policy makers can
leverage this information and target specific groups. For policy makers looking to reduce
macroeconomic uncertainty and target groups who will have the strongest reaction to an
information treatment in general, small firms, firms in the manufacturing sector or firms who face
a large amount of competition could be chosen. This is because these groups had a stronger
reaction to the treatments than the baseline, as shown in section 3.4.. Also, as networks are an
important mechanism for monetary policy transmission (La’O et al., 2022; Ozdagli & Weber,
2017), through providing specific groups with information, we hypothesise that even a small-
scale news shock could have a far-reaching impact. As it is difficult for the central bank to
implement a large-scale information treatment to all firms, this research provides insight into how

policy makers could still run an effective intervention by targeting specific groups.

Also, by targeting firms with specific characteristics in specific industries, central banks could
have even greater success in a large-scale programme to reduce uncertainty. For example, if the
easiest form of communication for central banks is by using professional forecasters mean
estimates of GDP, such as in treatment 1, firms that would react strongly to receiving this
information are professional services firms with high competition, manufacturing firms with a
high profit margin and construction firms who have fewer discussions with customers. On the
other hand, providing firms with information on the uncertainty and mean estimates of GDP had
the greatest impact (treatment 3) on adjusting firms expectations. If policy makers were to use
this type of information, they should target firms who are low competition trade firms, small
construction firms or small transportation firms to have the greatest impact. Therefore, this shows
that depending on the exact objective of the central bank, they can use the results from this

analysis to tailor their monetary policy and increase its effectiveness.

A key objective of this analysis is to add to the existing literature on how central banks can best
communicate and provide information to positively influence the macroeconomy. The
contributions from this research can be summarised as; providing evidence that firms’
expectations on uncertainty are initially heterogenous, showing that firms react strongly to a news
shock in updating their macroeconomic uncertainty, despite their heterogenous priors, and
outlining that there are groups the central bank can target to have the greatest impact on reducing
uncertainty. Therefore, we provide valuable insight into how firms form their macroeconomic
uncertainty expectations, and how this knowledge can be harnessed by policy makers to improve

monetary policy communication.
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Chapter 4.

Conclusion

Overall, this analysis has uncovered many novel facts about the macroeconomic uncertainty
expectations of firms. In response to our first research question, the results suggest that firms in
New Zealand form heterogeneous expectations about macroeconomic conditions. Firm
characteristics such as competition, profit margin and size impact the macroeconomic
expectations of firms, and in particular, industry groups have the strongest impact on expectations.
Regarding research question two, we find that there are limited heterogenous effects of
macroeconomic news on firms’ macroeconomic expectations. Firms universally had strong
reactions to the information treatments. Both of these results contribute to the literature on
macroeconomic expectations and are valuable to policy makers who seek to effectively influence
firms’ expectations through monetary policy. A summary of our motivations, findings,

implications, and suggestions for future research from this thesis are outlined below.

To begin our analysis, the literature review section outlined how expectations are formed. The
prevailing theories have evolved from Muth’s hypothesis (1961) of rational expectations, to the
more empirically supported rational inattention (Sims, 2003; Mackowiak &Wiederholt, 2009)
and sticky information models (Mankiw & Reis, 2002). As the number of empirical studies
increased, more authors documented the heterogeneity in expectations for households, firms and
professional forecasters (Coibion & Gorodnichenko, 2015a; Mankiw et al., 2003). At the same
time, the seminal work of Bloom (2009), ignited the discussion around the importance of
uncertainty on the macroeconomy. This led to research on uncertainty, how it’s measured (Baker
& Bloom, 2013; Jurado et al., 2015), the impact on economies (Coibion et al., 2024; Kumar et
al., 2023) and its importance for policy (Baker et al., 2016; Caggiano et al., 2016). Therefore, by
expanding on previous research, this thesis analysed the cross-section of heterogeneity and
macroeconomic uncertainty, two fields within the expectations literature that have rarely been

discussed together.

The empirical study utilised a survey of over 4,000 New Zealand firms. The analysis of firms’
initial expectations showed significant heterogeneity. Firms who have low competition, a high
profit margin, less frequent discussions with customers, are larger or who are less efficient are
associated with higher levels of macroeconomic uncertainty. Also, firms who are in the
professional services and manufacturing industries, on average, have lower uncertainty than firms
in the trade, transportation, or construction industries. Further, the relationship between firm
characteristics and macroeconomic uncertainty varies significantly across industries. These
results show that the macroeconomic uncertainty of firms is heterogeneous. Not only does this
contribute to the literature on how firms’ expectations are formed, but it suggests that policy

makers must account for heterogenous expectations of firms in their models and forecasts.
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The second stage to our empirical analysis randomly provided some firms with information on
macroeconomic forecasts to understand whether firms have a heterogeneous reaction to a news
shock. Through using a randomised controlled trail (RCT), we found that while there was some
heterogeneity in how firms’ macroeconomic uncertainty beliefs reacted to the treatments, this was
limited. Across a range of different firm characteristics, the news shock caused all firms to adjust
their beliefs, while those in the control group did not. If policy makers wish to target specific
groups who would have a stronger adjustment in their expectations, our analysis suggests that
those with fewer employees or more competition had a stronger reaction to the treatments than
the aggregate. While this is useful, our key result is that a news shock universally causes firms to
adjust their macroeconomic expectations, suggesting that policy makers can reduce uncertainty

through effective communication.

In our analysis, given that industry groups appeared to have the greatest impact on both the initial
beliefs of firms and in response to the news shock, we conducted further analysis into the reaction
to the treatments by industry. Through interacting industry groups with other firm characteristics,
we found that while the treatments continued to have a strong impact, there was more
heterogeneity in how firms respond to the treatments. Of particular interest, is that these results
highlighted how for firms in specific groups, one treatment may be more effective than another.
This suggests that to be as effective as possible, monetary policy communication should be
tailored to specific groups. These findings also provide support for the idea that firms form their
beliefs on aggregate conditions using industry specific information, as suggested by Lucas (1975)

and Andrade et al. (2022a).

Looking forward to areas for future research, this analysis has been pivotal at documenting the
heterogeneity in firms’ expectations, but the underlying source of this heterogeneity can still be
explored in greater depth. Richer analysis to determine the mechanisms of how firms form their
expectations, would be a valuable contribution to the existing literature. Based on our findings,
we suggest that industry groups should be analysed in more detail, and in particular the hypothesis
that firms form their expectations on macroeconomic variables through information received from
their environment (Andrade et al., 2022a). This aligns with the Island Model hypothesis by Lucas
(1975) which has been explored in depth for inflation expectations of households (D’ Acunto et
al., 2021c; D’Acunto & Weber, 2024). This hypothesis suggests that as each industry and country
environment will be different, this causes heterogenous expectations. Future research can explore

this hypothesis by analysing firms both in different countries and different industries.

This thesis sought to explore the heterogeneity in firms’ macroeconomic expectations. Through
a detailed literature review and empirical analysis of a survey of New Zealand firms, the results
are twofold; firms have heterogencous beliefs on macroeconomic expectations, but firms

universally have a strong response to a news shock on their macroeconomic uncertainty
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expectations. Therefore, although firm characteristics are associated with differences in

expectations, policy makers can reduce uncertainty through effective communication.
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Distribution of Proxy for Gross Profit Margin
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Distribution of Number of Competitors
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Appendix D
Correlation Matrix for the Firm Characteristics
No. of Margin | Compe | Age Total Customer Value of | Value
employees tition production network prof. of info.
forecasts
No. employees 1.00
Margin 0.07 1.00
Competition -0.63 -0.02 1.00
Age 0.11 -0.08 -0.08 1.00
Total production 0.71 0.06 -0.51 0.05 1.00
Customer 0.01 -0.08 -0.04 -0.02 0.16 1.00
network
Value of prof. -0.01 0.18 0.03 0.00 -0.03 -0.04 1.00
forecasts
Value of info. 0.01 0.06 0.00 0.02 -0.02 0.07 0.68 1.00

Note. Number of employees, age and total production are logged variables.
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Summary Statistics for Prior Uncertainty Beliefs by Industry
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GDP uncertainty Inflation uncertainty Sales uncertainty
Mean Median  St.Dev. Mean Median  St.Dev Mean Median  St.Dev

Professional 5.05 5.10 2.17 5.75 5.50 2.55 5.14 5.00 2.22
services

Construction 7.13 7.20 3.36 6.55 6.70 2.93 5.46 5.50 1.67
Manufacturing 5.89 6.00 3.00 423 4.60 1.48 4.80 4.80 1.91
Trade 6.57 6.50 343 5.76 5.20 2.76 8.70 8.70 3.44
Transportation 7.94 8.35 3.46 6.49 6.40 2.68 5.58 5.50 1.94

Note. Number of observations is 4,212. Uncertainty is measured as the range in their lowest and

highest estimate and expressed in percentage points.

Appendix F

Firm Characteristics on Initial Expectations by Industry for GDP Mean

Baseline Professional ~ Construction Manufacturing  Trade firms  Transportation
services firms firms firms firms

Employment 0.68%*** 0.87*** -0.32 0.01 0.79%%* -0.19
(log) (0.04) (0.09) (0.39) 0.11) (0.12) 0.27)
Margin 0.02%** 0.00 -0.01 0.00 -0.01 -0.01

(0.00) (0.00) (0.02) (0.01) (0.00) (0.01)
Competition -0.03%** -0.02%** -0.08%* -0.04%** -0.04%** -0.10%**

(0.00) (0.01) (0.03) (0.01) (0.01) (0.02)
Age (log) -0.00 -0.06 0.12 -0.06 -0.01 0.10

(0.03) (0.04) (0.23) (0.06) (0.08) (0.14)
Production total -0.31%** -0.57*** 0.40 0.24%%* -0.10 -0.09
(log) (0.03) (0.08) (0.27) (0.08) (0.07) 0.21)
Customer -0.00** -0.00 -0.03 0.00 -0.00 0.03**
network (0.00) (0.00) (0.02) (0.00) (0.01) (0.01)
Value of 0.00 -0.00 0.00 0.00* -0.00%* 0.00
professional (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
forecasts
Value of network 0.00 0.00 -0.00 -0.00 0.00** -0.00
information (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Observations 3,986 1,424 91 1,349 942 180
r-squared 0.17 0.18 0.20 0.13 0.18 0.21

Note. The table reports estimates for initial beliefs, before any treatments, following specification

1. Robust standard errors are reported in parentheses.
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Firm Characteristics on Initial Expectations by Industry for Inflation Mean
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Baseline Professional ~ Construction Manufacturing Trade firms  Transportation
services firms firms firms firms

Employment 0.15%%* 0.35%%* -0.14 0.16* 0.20%* -0.05
(log) (0.04) (0.10) (0.36) (0.09) (0.11) 0.21)
Margin 0.02%** 0.01** -0.03 0.01%* 0.00 0.01

(0.00) (0.00) (0.02) (0.01) (0.01) (0.01)
Competition -0.02%** -0.02%** -0.07%** -0.02%* -0.01 -0.03%*

(0.00) (0.01) (0.03) (0.01) (0.01) (0.02)
Age (log) -0.00 0.01 -0.05 -0.03 0.10 0.04

(0.00) (0.05) (0.18) (0.05) (0.06) (0.13)
Production total 0.01 0.06 -0.13 -0.04 0.04 -0.04
(log) (0.03) (0.08) (0.26) 0.07) (0.06) 0.17)
Customer -0.01%** -0.01%* -0.01 0.00 -0.01%* 0.01
network (0.00) (0.00) (0.02) (0.00) (0.01) 0.01)
Value of -0.00 0.00 0.00 0.00 -0.00* 0.00
professional (0.06) (0.00) (0.00) (0.00) (0.00) (0.00)
forecasts
Value of network 0.00 -0.00 -0.00 0.00 0.00%* -0.00
information (0.06) (0.00) (0.00) (0.00) (0.00) (0.00)
Observations 3,986 1,424 91 1,349 942 180
r-squared 0.08 0.10 0.11 0.04 0.04 0.03

Note. The table reports estimates for inflation means, before any treatments, following

specification 1. Robust standard errors are reported in parentheses.
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Firm Characteristics on Initial Expectations by Industry for Inflation Uncertainty

Baseline Professional ~ Construction ~ Manufacturin ~ Trade firms  Transportatio
services firms g firms n firms
firms

Employment 0.30%** 0.97%%* -0.50 -0.09 0.81%*** 0.46
(log) (0.07) (0.16) (0.80) (0.10) (0.20) (0.42)
Margin 0.05%** 0.01 -0.03 0.01 -0.01 0.03

(0.00) (0.01) (0.03) (0.01) (0.01) (0.02)
Competition -0.04%** -0.05%** -0.11%** -0.02%** -0.04%** -0.08%*

(0.01) (0.01) (0.05) (0.01) (0.01) (0.03)
Age (log) 0.03 -0.02 0.32 -0.02 0.35%** 0.17

(0.05) (0.08) (0.35) (0.06) (0.12) (0.21)
Production -0.05 -0.16 0.21 0.17%%* -0.06 -0.28
total (log) (0.05) (0.13) (0.56) (0.08) 0.11 (0.31)
Customer -0.01%** -0.01 -0.04 0.00 -0.01 0.03
network (0.00) (0.00) (0.04) (0.00) (0.01) (0.02)
Value of -0.00 -0.00 0.00 0.00 -0.00%** 0.00
professional (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
forecasts
Value of -0.00 0.00 -0.00 -0.00 0.00 -0.00
network (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
information
Observations 3,986 1,424 91 1,349 942 180
r-squared 0.14 0.15 0.09 0.05 0.10 0.11

Note. The table reports estimates for inflation uncertainty, before any treatments, following

specification 1. Robust standard errors are reported in parentheses.
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Firm Characteristics on Initial Expectations by Industry for Sales Mean
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Baseline Professional ~ Construction Manufacturing Trade firms  Transportation
services firms firms firms firms

Employment -0.35%** 0.22%%* -0.30 0.06 -0.06 0.35
(log) (0.05) (0.10) (0.35) (0.09) (0.15) (0.24)
Margin -0.01%** 0.01%* 0.03 -0.01 0.01%* -0.00

(0.00) (0.00) (0.02) (0.01) (0.01) (0.01)
Competition -0.02%** -0.02%** -0.06%* -0.01 0.02 -0.06%**

(0.00) (0.01) (0.02) (0.01) (0.01) (0.02)
Age (log) -0.01 0.02 0.16 0.04 -0.01 0.03

(0.04) (0.05) 0.22) (0.05) (0.09) (0.13)
Production total 0.54%%* -0.17%* 0.13 0.01 0.49%** -0.19
(log) (0.03) (0.08) (0.28) 0.07) (0.08) (0.19)
Customer 0.00 0.00 -0.00 -0.00 0.00 0.00
network (0.00) (0.00) 0.02) (0.00) 0.01) 0.01)
Value of -0.00%* -0.00* -0.00 0.00 -0.00%* 0.00
professional (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
forecasts
Value of network 0.00 0.00 0.00 0.00 0.00%* -0.00%*
information (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Observations 3,986 1,424 91 1,349 942 180
r-squared 0.13 0.03 0.18 0.01 0.08 0.15

Note. The table reports estimates for initial beliefs, before any treatments, following specification

1. Robust standard errors are reported in parentheses.
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Firm Characteristics on Initial Expectations by Industry for Sales Uncertainty

Baseline Professional ~ Construction = Manufacturi  Trade firms  Transportati
services firms ng firms on firms
firms

Employment 1.21%%* 0.97*%* -0.26 -0.06 0.29 -0.36
(log) (0.08) (0.17) (0.41) (0.13) (0.25) (0.35)
Margin 0.05%** -0.00 -0.02 0.01* -0.02%* -0.00

(0.00) (0.01) (0.02) (0.01) (0.01) (0.02)
Competition 0.04*** -0.01 -0.02 -0.03%** 0.03 0.02

(0.01) (0.01) (0.03) (0.01) (0.02) (0.03)
Age (log) -0.02 -0.02 -0.19 -0.05 -0.08 -0.26

(0.06) (0.08) (0.20) (0.08) (0.15) (0.16)
Production total -1.13%** -0.54%** 0.35 0.19% -0.85%** 0.31
(log) (0.05) (0.12) (0.35) (0.10) (0.13) (0.24)
Customer -0.01%* 0.00 -0.01 0.00 -0.02 0.00
network (0.00) (0.00) (0.03) (0.00) (0.01) (0.02)
Value of 0.00 -0.00 0.00 0.00 0.00 -0.00
professional (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
forecasts
Value of 0.00 -0.00 -0.00 -0.00 -0.00 -0.00
network (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
information
Observations 3,986 1,424 91 1,349 942 180
r-squared 0.20 0.05 0.08 0.05 0.09 0.05

Note. The table reports estimates for initial sales uncertainty, before any treatments, following

specification 1. Robust standard errors are reported in parentheses.
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Appendix K

Baseline Expectations with Treatments

GDP mean GDP Inflation mean Inflation Sales mean Sales
uncertainty uncertainty uncertainty
Treatment 1 3.80%** 1.25%%%* 0.87*%* 0.71%%* 0.16%** 0.77%%*
(0.05) (0.09) (0.06) (0.06) (0.04) (0.06)
Treatment 2 1.27%%* 2.61%** 1.14%%* 1.60%** 0.23%%* 0.88%%**
(0.06) (0.08) (0.07) (0.07) (0.04) (0.06)
Treatment 3 3.75%%* 2.777H** 1.18%%* 1.47%%* 0.18%%*%* 0.817%%*
(0.04) (0.08) (0.07) (0.07) (0.04) (0.06)
Prior mean 0.97%%* 1.00%** 0.94%#%*
(0.01) (0.01) (0.01)
Prior mean x -0.94%** -0.32%** -0 1 1%**
treatment 1 (0.01) (0.01) (0.01)
Prior mean x -0.60%** -0.34%** -0.13%**
treatment 2 (0.02) (0.02) (0.02)
Prior mean x -0.93%** -0.37%** -0 1 1%**
treatment 3 (0.01) (0.01) (0.02)
Prior range 0.99%** 0.99%** 0.99%**
(0.00) (0.00) (0.00)
Prior range x -0.92%4* -0.45%%%* -0.24 %%
treatment 1 (0.02) (0.01) (0.01)
Prior range x -0.79%%* -0.53%#* -0.26%%*
treatment 2 (0.02) (0.01) (0.01)
Prior range x -0.94%** -0.55%** -0.24%**
treatment 3 (0.02) (0.01) (0.01)
Observations 4,203 4,212 4,212 4,212 4,212 4,212
r-squared 0.80 0.83 0.85 0.84 0.94 0.94

Note. The table reports estimates for beliefs after treatments, following specification 2. Robust

standard errors are reported in parentheses
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Treatment Effects on GDP Uncertainty by Age
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Baseline Low age firms  Medium age firms  High age firms  Joint test p-value

Treatment 1 1.25%** 1.16%** 1.39%** 1. 13%%* 0.48
(0.09) 0.17) 011) (0.18)

Treatment 2 2.61%%* 2. 45%%* 2.64%%* 2.74%%* 0.31
(0.08) (0.15) (0.11) (0.16)

Treatment 3 2.77F** 2.88%** 2.83%** 2.60%** 0.52
(0.08) (0.14) (0.11) (0.15)

Prior range 0.99%** 0.99%** 0.99%** 0.99%** 0.86
(0.00) (0.00) (0.00) (0.00)

Prior range x -0.92%** -0.92%** -0.95%** -0.90%** 0.64

treatment 1 (0.02) (0.04) (0.02) (0.03)

Prior range x -0.79%** -0.76%** -0.80%** -0.79%** 0.52

treatment 2 (0.02) (0.03) (0.02) (0.03)

Prior range x -0.94%** -0.98%** -0.94%** -0.91%** 0.53

treatment 3 (0.02) (0.03) (0.02) (0.03)

Observations 4,212 1,147 1,952 1,086 -

r-squared 0.83 0.83 0.84 0.80 -

Note. Age sub-categories are determined by: young <= 15, 15 < medium <=30, high > 30. The

table reports estimates for beliefs after treatments, following specification 2. Robust standard

errors are reported in parentheses.
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Appendix M

Treatments Effects on GDP Uncertainty by Profit Margin

Baseline Low margin firms Medium margin  High margin firms Joint test p-value
firms

Treatment 1 1.25%** 1.40%** 1.26%** 1.02%%* 0.30
(0.09) (0.09) (0.16) (0.19)

Treatment 2 2.61%** 2.83%x* 2.56%** 2.44%xx* 0.03%*
(0.08) (0.09) (0.14) (0.17)

Treatment 3 2.77%** 2.71%** 2.73%x* 2.88*** 0.70
(0.08) (0.09) (0.14) (0.17)

Prior range 0.99%** 0.98*** 0.99%*** 1.00%** 0.04%*
(0.00) (0.00) (0.00) (0.00)

Prior range x -0.92%** -0.96%** -0.92%** -0.89%** 0.38

treatment 1 (0.02) (0.02) (0.03) (0.04)

Prior range x -0.79%** -0.81%*** -0.76%*** -0.77*** 0.13

treatment 2 (0.02) (0.02) (0.03) (0.03)

Prior range x -0.94%** -0.90%** -0.95%** -0.97*** 0.24

treatment 3 (0.02) (0.02) (0.03) (0.03)

Observations 4,212 1,446 1,695 1,071 -

r-squared 0.83 0.88 0.82 0.79 -

Note. Margin sub-categories are determined by: low <= 30%, 30% < medium <=50%, high >
50%. The table reports estimates for beliefs after treatments, following specification 2. Robust

standard errors are reported in parentheses.
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Treatments Effects on GDP Uncertainty by Total Production
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Baseline Low total Medium total High total Joint test p-value
production firms  production firms  production firms

Treatment 1 1.25%** 1.32%%* 1.06%** 1.33%%* 0.71
(0.09) (0.11) (0.21) (0.13)

Treatment 2 2.61%%* 2.57H** 2.61%%* 2.66%** 0.94
(0.08) (0.13) (0.13) (0.13)

Treatment 3 2.77H** 2.94%%* 2.70%** 2.62%%* 0.25
(0.08) (0.09) (0.17) (0.14)

Prior range 0.99%** 0.99%*%** 0.99%*** 0.99%*** 0.80
(0.00) (0.00) (0.00) (0.00)

Prior range x -0.92%** -0.95%** -0.87*** -0.94%** 0.39

treatment 1 (0.02) (0.02) (0.04) (0.03)

Prior range x -0.79%** -0.78%** -0.79%** -0.80%** 0.94

treatment 2 (0.02) (0.03) (0.03) (0.02)

Prior range x -0.94%** -0.98%** 0.90%*** -0.92%** 0.14

treatment 3 (0.02) (0.02) (0.04) (0.03)

Observations 4,212 1,481 1,131 1,600 -

r-squared 0.83 0.85 0.79 0.83 -

Note. Value of total production sub-categories are determined by: low <= $10,000,000,
$10,000,000 < medium <=$30,000,000, high > $30,000,000. The table reports estimates for

beliefs after treatments, following specification 2. Robust standard errors are reported in

parentheses.
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Appendix O

Treatments Effects on GDP Uncertainty by Customer Network

Baseline Low number of Medium number of Large number of  Joint test p-value
conversations with conversations with conversations with
customers firms customers firms customers firms

Treatment 1 1.25%%%* 1.29%%* 1.02%%* 1.63*** 0.01%**
(0.09) (0.14) (0.14) (0.12)

Treatment 2 2.61%%* 2.60%** 2.63%** 2.58%** 0.97
(0.08) (0.11) (0.14) (0.12)

Treatment 3 2.777H** 2.78%** 2.67%** 2.89%** 0.35
(0.08) (0.13) (0.12) (0.13)

Prior range 0.99%** 0.99%*** 0.99%*** 0.98*** 0.28
(0.00) (0.00) (0.00) (0.01)

Prior range x -0.92%** -0.93%** -0.90%** -0.98%** 0.14

treatment 1 (0.02) (0.03) (0.03) (0.02)

Prior range x -0.79%** -0.78%** -0.79%** -0.78%** 0.97

treatment 2 (0.02) (0.02) (0.03) (0.02)

Prior range x -0.94%** -0.94%** -0.94%** -0.95%** 0.73

treatment 3 (0.02) (0.03) (0.03) (0.03)

Observations 4,212 1,755 1,524 933 -

r-squared 0.83 0.82 0.83 0.84 -

Note. Customer network sub-categories are determined by: low <= 8, 8 < medium <=20, high >
20. The table reports estimates for beliefs after treatments, following specification 2. Robust

standard errors are reported in parentheses.



Appendix P

Treatments Effects on GDP Uncertainty by Value of Network Information
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Baseline Low value of Medium value of High value of Joint test p-value
network network network
information firms information firms information firms
Treatment 1 1.25%%%* 1.17%%* 1.44%%* 1.13%%* 0.26
(0.09) (0.17) (0.09) (0.17)
Treatment 2 2.61%%* 2.50%** 2.69%** 2.63%** 0.62
(0.08) (0.15) (0.10) (0.16)
Treatment 3 2.777H** 2.83%** 2.80%** 2.63%** 0.39
(0.08) (0.14) (0.12) (0.15)
Prior range 0.99%** 0.99%*** 0.99%*** 0.99%*** 0.53
(0.00) (0.00) (0.00) (0.00)
Prior range x -0.92%** -0.92%#* -0.96%** -0.90*** 0.24
treatment 1 (0.02) (0.04) (0.02) (0.04)
Prior range x -0.79%** -0.77*** -0.80%** -0.80%** 0.71
treatment 2 (0.02) (0.03) (0.02) (0.03)
Prior range x -0.94%** -0.94%** -0.95%** -0.93%** 0.48
treatment 3 (0.02) (0.03) (0.03) (0.03)
Observations 4,212 1,396 1,670 1,146 -
r-squared 0.83 0.81 0.85 0.81 -

Note. Value of network information sub-categories are determined by: low <= 150, 150 <medium

<=300, high > 300. The table reports estimates for beliefs after treatments, following specification

2. Robust standard errors are reported in parentheses.
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Treatment Effects on Inflation Uncertainty by Employment Size
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Baseline Small firms Medium firms Large firms Joint test p-value

Treatment 1 0.71%%* 0.53%** 0.71%%* 0.87*** 0.00%**
(0.06) (0.08) (0.11) (0.14)

Treatment 2 1.60%** 1.70%** 1.40%** 1.A41%** 0.05*
(0.07) (0.10) (0.12) (0.25)

Treatment 3 1.47%%%* 1.24%%%* 1.46%** 1.43%%* 0.00%**
(0.07) (0.09) (0.13) (0.16)

Prior range 0.99%%** 0.99%** 1.00%** 1.O1%** 0.00%**
(0.00) (0.00) (0.01) (0.00)

Prior range x -0.45%** -0.39%** -0.46%** -0.47%** 0.00%***

treatment 1 (0.01) (0.02) (0.02) (0.03)

Prior range x -0.53%** -0.55%%* -0.51%%* -0.49%%* 0.07*

treatment 2 (0.01) (0.03) (0.02) (0.05)

Prior range x -0.55%** -0.47%** -0.58%** -0.56%** 0.00%***

treatment 3 (0.01) (0.02) (0.02) (0.03)

Observations 4,212 2,163 1,489 560 -

r-squared 0.84 0.81 0.85 0.83 -

Note. Employment size sub-categories are determined by: small <= 19, 19 < medium <=49, large

> 50. The table reports estimates for beliefs after treatments, following specification 2. Robust

standard errors are reported in parentheses.
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Treatment Effects on Inflation Uncertainty by Competition
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Baseline Low number of Medium number of Large number of  Joint test p-value
competitors firms competitors firms competitors firms

Treatment 1 0.71%** 0.78%** 0.74%** 0.53%** 0.15
(0.06) (0.12) (0.08) (0.10)

Treatment 2 1.60%** 1.44%** 1.57*** 1.72%** 0.35
(0.07) (0.15) (0.10) (0.14)

Treatment 3 1.47%** 1.36%** 1.44%** 1.39%** 0.00%**
(0.07) (0.13) (0.10) (0.12)

Prior range 0.99%** 1.00%** 1.00%** 0.99%*** 0.11
(0.00) (0.01) (0.00) (0.00)

Prior range x -0.45%%* -0.47%%* -0.45%%%* -0.40%** 0.09*

treatment 1 (0.01) (0.02) (0.02) (0.02)

Prior range x -0.53%** -0.51%%* -0.53%#* -0.55%%* 0.38

treatment 2 (0.01) (0.03) (0.02) (0.03)

Prior range x -0.55%** -0.56%** -0.56%** -0.49%** 0.01%**

treatment 3 (0.01) (0.02) (0.02) (0.03)

Observations 4,212 1,308 1,685 1,219 -

r-squared 0.84 0.85 0.85 0.81 -

Note. Competition sub-categories are determined by: low <=5, 5 <medium <=15, high > 15. The

table reports estimates for beliefs after treatments, following specification 2. Robust standard

errors are reported in parentheses.
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Treatment Effects on Inflation Uncertainty by Age
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Baseline Young firms Medium age firms Old firms Joint test p-value

Treatment 1 0.71%%* 0.70%** 0.73%** 0.69%** 0.96
(0.06) (0.10) (0.08) (0.11)

Treatment 2 1.60%** 1.72%%% 1.55%** 1.52%%%* 0.65
(0.07) (0.14) (0.11) (0.11)

Treatment 3 1.47%%%* 1.60%** 1.53%%* 1.25%%* 0.16
(0.07) (0.13) (0.10) (0.11)

Prior range 0.99%%** 1.00%** 0.99%** 1.00%** 0.44
(0.00) (0.00) (0.01) (0.00)

Prior range x -0.45%** -0.45%** -0.45%** -0.43%** 0.87

treatment 1 (0.01) (0.02) (0.02) (0.02)

Prior range x -0.53%** -0.55%%* -0.53%#* -0.51%%* 0.67

treatment 2 (0.01) (0.03) (0.02) (0.02)

Prior range x -0.55%** -0.57*** -0.57*** -0.51%** 0.23

treatment 3 (0.01) (0.03) (0.02) (0.02)

Observations 4,212 1,174 1,952 1,086 -

r-squared 0.84 0.84 0.84 0.83

Note. Age sub-categories are determined by: young <= 15, 15 < medium <=30, high > 30. The

table reports estimates for beliefs after treatments, following specification 2. Robust standard

errors are reported in parentheses.
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Appendix T

Treatment Effects on Inflation Uncertainty by Production Total

Baseline Low total Medium total High total Joint test p-value
production firms  production firms  production firms

Treatment 1 0.71%%* 0.62%** 0.80%** 0.76%** 0.42
(0.06) (0.09) (0.11) (0.10)

Treatment 2 1.60%** 1.71%** 1.57*** 1.47%** 0.48
(0.07) (0.09) (0.16) (0.13)

Treatment 3 1.47%** 1.48%** 1.50%** 1.40%** 0.59
(0.07) (0.10) (0.15) (0.11)

Prior range 0.99%** 0.99%*%** 1.00%** 0.99%*%** 0.42
(0.00) (0.00) (0.00) (0.01)

Prior range x -0.45%** -0.44%** -0.46%** -0.45%** 0.40

treatment 1 (0.01) (0.02) (0.02) (0.02)

Prior range x -0.53%** -0.57*** -0.52%** -0.51%** 0.24

treatment 2 (0.01) (0.02) (0.03) (0.03)

Prior range x -0.55%** -0.56%** -0.54%** -0.55%** 0.70

treatment 3 (0.01) (0.02) (0.03) (0.02)

Observations 4,212 1,481 1,131 1,600 -

r-squared 0.84 0.84 0.83 0.83 -

Note. Value of total production sub-categories are determined by: low <= $10,000,000,
$10,000,000 < medium <=$30,000,000, high > $30,000,000. The table reports estimates for
beliefs after treatments, following specification 2. Robust standard errors are reported in

parentheses.
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Treatment Effects on Inflation Uncertainty by Customer Network

Baseline Low number of Medium number of Large number of  Joint test p-value
conversations with conversations with conversations with
customers firms customers firms customers firms

Treatment 1 0.71%** 0.66%** 0.71%%* 0.80%** 0.75
(0.06) (0.09) (0.09) (0.13)

Treatment 2 1.60%** 1.78*** 1.40%** 1.54%** 0.08*
(0.07) (0.08) (0.13) (0.14)

Treatment 3 1.47%** 1.43%** 1.54%** 1.38%** 0.84
(0.07) (0.10) (0.10) (0.18)

Prior range 0.99%** 0.99%** 1.00%*** 1.00%*** 0.83
(0.00) (0.01) (0.00) (0.00)

Prior range x -0.45%%* -0.45%%%* -0.44%%* -0.45%%%* 0.84

treatment 1 (0.01) (0.02) (0.02) (0.03)

Prior range x -0.53%** -0.59%#* -0.48*+* -0.50%** 0.01%%*

treatment 2 (0.01) (0.02) (0.03) (0.03)

Prior range x -0.55%** -0.55%%* -0.57*%* -0.53%#* 0.87

treatment 3 (0.01) (0.02) (0.02) (0.04)

Observations 4,212 1,755 1,524 933 -

r-squared 0.84 0.86 0.84 0.78 -

Note. Customer network sub-categories are determined by: low <= 8, 8 < medium <=20, high >
20. The table reports estimates for beliefs after treatments, following specification 2. Robust

standard errors are reported in parentheses.
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Treatment Effects on Inflation Uncertainty by Value of Professional Forecasts
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Baseline Low value of Medium value of High value of prof. Joint test p-value
prof. forecasts prof. forecasts firms forecasts firms
firms
Treatment 1 0.71%** 0.78%** 0.70%** 0.65%** 0.77
(0.06) (0.09) (0.09) (0.10)
Treatment 2 1.60%** 1.60%*** 1.58%%* 1.56%%* 0.42
(0.07) (0.12) (0.12) (0.13)
Treatment 3 1.47%** 1.55%** 1.47%** 1.36%** 0.70
(0.07) (0.12) (0.09) (0.14)
Prior range 0.99%** 1.00%*** 0.99%** 0.99%** 0.61
(0.00) (0.00) (0.00) (0.01)
Prior range x -0.45%%* -0.47%%* -0.44%%* -0.44%%* 0.58
treatment 1 (0.01) (0.02) (0.02) (0.02)
Prior range x -0.53%** -0.53%#* -0.52%%* -0.54%+* 0.50
treatment 2 (0.01) (0.02) (0.03) (0.03)
Prior range x -0.55%** -0.56%%* -0.56%%* 0.54%** 0.75
treatment 3 (0.01) (0.02) (0.02) (0.03)
Observations 4,212 1,230 1,790 1,192 -
r-squared 0.84 0.84 0.83 0.84 -

Note. Value of professional forecasts sub-categories are determined by: low <= $300, $300 <

medium<= $600, high > $600. The table reports estimates for GDP uncertainty after treatments,

following specification 2. Robust standard errors are reported in parentheses.
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Treatments Effects on Inflation Uncertainty by Value of Network Information
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Baseline Low value of Medium value of ~ High value of  Joint test p-value
network network network
information firms information firms information firms
Treatment 1 0.71%** 0.81%** 0.67%** 0.65%** 0.59
(0.06) (0.08) (0.09) (0.12)
Treatment 2 1.60%** 1.65%** 1.56%** 1.55%** 0.58
(0.07) (0.11) (0.12) (0.14)
Treatment 3 1.47%** 1.52%** 1.52%** 1.29%** 0.43
(0.07) (0.12) (0.10) (0.12)
Prior range 0.99%** 1.00%%** 0.99%#** 0.99*** 0.29
(0.00) (0.00) (0.00) (0.01)
Prior range x -0.45%%* -0.48*+* -0.43%%* -0.43%%* 0.22
treatment 1 (0.01) (0.02) (0.02) (0.02)
Prior range x -0.53%** -0.54%+* -0.52%%* -0.53%** 0.67
treatment 2 (0.01) (0.02) (0.03) (0.03)
Prior range x -0.55%** -0.54%+* -0.56%%* -0.54 %% 0.64
treatment 3 (0.01) (0.03) (0.02) (0.02)
Observations 4,212 1,396 1,670 1,146
r-squared 0.84 0.85 0.83 0.84

Note. Value of network information sub-categories are determined by: low <= 150, 150 <medium

<=300, high > 300. The table reports estimates for beliefs after treatments, following specification

2. Robust standard errors are reported in parentheses.
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Treatment Effects on Sales Uncertainty by Employment Size
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Baseline Small firms Medium firms Large firms Joint test p-value

Treatment 1 0.77%%* 0.77*** 0.78*** 0.79%** 0.66
(0.06) (0.07) (0.12) (0.14)

Treatment 2 0.88%** 0.92%** 0.82%** 0.78*** 0.75
(0.06) (0.07) (0.11) (0.12)

Treatment 3 0.81%** 0.73%** 1.04%%* 0.73%** 0.05*
(0.06) (0.09) (0.09) (0.12)

Prior range 0.99%** 0.99 0.99%** 1.00*** 0.54
(0.00) (0.00) (0.00) (0.00)

Prior range x -0.24%** -0.24%** -0.25%** -0.25%** 0.90

treatment 1 (0.01) (0.01) (0.02) (0.03)

Prior range x -0.26%%* -0.26%%* -0.25%%* -0.22%%* 0.53

treatment 2 (0.01) (0.02) (0.02) (0.02)

Prior range x -0.24 %% -0.22 -0.30%** -0.22%%* 0.01%**

treatment 3 (0.01) (0.02) (0.02) (0.03)

Observations 4,212 2,163 1,489 560 -

r-squared 0.94 0.95 0.93 0.95 -

Note. Employment size sub-categories are determined by: small <= 19, 19 < medium <=49, large

> 50. The table reports estimates for beliefs after treatments, following specification 2. Robust

standard errors are reported in parentheses.
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Treatment Effects on Sales Uncertainty by Competition
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Baseline Small competition Medium Large competition Joint test p-value
firms competition Firms firms

Treatment 1 0.77%%* 0.76%** 0.73%** 0.85%** 0.23
(0.06) (0.11) (0.10) (0.09)

Treatment 2 0.88%** 0.79%** 0.86%** 0.96%** 0.66
(0.06) (0.12) (0.09) (0.10)

Treatment 3 0.81%** 0.83%** 1.02%** 0.54%** 0.01%**
(0.06) (0.10) (0.08) (0.12)

Prior range 0.99%** 0.99%*%** 1.00%** 0.99%*** 0.58
(0.00) (0.00) (0.00) (0.01)

Prior range x -0.24%** -0.24%** -0.24%** -0.25%** 0.30

treatment 1 (0.01) (0.02) (0.02) (0.02)

Prior range x -0.26%** -0.24%** -0.26%** -0.26%** 0.64

treatment 2 (0.01) (0.02) (0.02) (0.02)

Prior range x -0.24 %% -0.25%%* -0.30%** -0.18*#* 0.00%**

treatment 3 (0.01) (0.00) (0.02) (0.02)

Observations 4,212 1,308 1,685 1,219 -

r-squared 0.94 0.93 0.94 0.95 -

Note. Competition sub-categories are determined by: low <=5, 5 <medium <=15, high > 15. The

table reports estimates for beliefs after treatments, following specification 2. Robust standard

errors are reported in parentheses.
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Treatment Effects on Sales Uncertainty by Age
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Baseline Young firms Medium age firms Old firms Joint test p-value

Treatment 1 0.77%%* 0.78*** 0.73%** 0.81*** 0.75
(0.06) (0.11) (0.09) (0.11)

Treatment 2 0.88%** 0.79%** 0.85%** 1. 12%%* 0.21
(0.06) (0.09) (0.09) (0.14)

Treatment 3 0.81%** 0.55%** 0.93*** 0.99%** 0.02%*
(0.06) (0.12) (0.09) (0.08)

Prior range 0.99%%** 1.00%** 0.99%** 0.99%** 0.43
(0.00) (0.00) (0.00) (0.00)

Prior range x -0.24 %% -0.25%%* -0.24%%%* -0.24%%%* 0.64

treatment 1 (0.01) (0.02) (0.02) (0.02)

Prior range x -0.26%%* -0.24%%* -0.25 -0.30%** 0.21

treatment 2 (0.01) (0.02) (0.02) (0.03)

Prior range x -0.24%** -0.19%** -0.27%*** -0.28%** 0.03%*

treatment 3 (0.01) (0.03) (0.02) (0.02)

Observations 4,212 1,174 1,952 1,086 -

r-squared 0.94 0.95 0.94 0.94 -

Note. Age sub-categories are determined by: young <= 15, 15 < medium <=30, high > 30. The

table reports estimates for beliefs after treatments, following specification 2. Robust standard

errors are reported in parentheses.
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Treatment Effects on Sales Uncertainty by Production Total

Baseline Low total Medium total High total Joint test p-value
production firms  production firms  production firms

Treatment 1 0.77%%* 0.90%** 0.85%** 0.59%** 0.01***
(0.06) (0.09) (0.12) (0.09)

Treatment 2 0.88*** 1.02%** 1.05%** 0.57%** 0.00%**
(0.06) (0.09) (0.12) (0.10)

Treatment 3 0.81%** 0.90%** 0.86%** 0.69%** 0.18
(0.06) (0.11) (0.13) (0.08)

Prior range 0.99%** 0.99%*%** 1.00%** 0.99%*%** 0.76
(0.00) (0.00) (0.00) (0.00)

Prior range x -0.24 %% -0.25%%* -0.26%%* -0.22%%* 0.03%*

treatment 1 (0.01) (0.02) (0.03) (0.02)

Prior range x -0.26%** -0.27%*** -0.30%*** -0.20%** 0.00%***

treatment 2 (0.01) (0.02) (0.03) (0.02)

Prior range x -0.24 %% -0.25%%* -0.26%%* -0.22%%* 0.25

treatment 3 (0.01) (0.02) (0.03) (0.02)

Observations 4,212 1,481 1,131 1,600 -

r-squared 0.94 0.95 0.93 0.94 -

Note. Value of total production sub-categories are determined by: low <= $10,000,000,
$10,000,000 < medium <=$30,000,000, high > $30,000,000. The table reports estimates for
beliefs after treatments, following specification 2. Robust standard errors are reported in

parentheses.
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Treatments Effects on Sales Uncertainty by Value of Network Information

129

Baseline Low value of Medium value of High value of Joint test p-value
network network network
information firms information firms information firms
Treatment 1 0.77%** 0.81%** 0.64%** 0.93%** 0.14
(0.06) (0.11) (0.08) (0.13)
Treatment 2 0.88%** 0.95%** 0.67%** 1.10%*** 0.02%*
(0.06) (0.10) (0.10) (0.11)
Treatment 3 0.81%** 0.73%%* 0.68*** 1.09%** 0.02%*
(0.06) (0.12) (0.07) (0.12)
Prior range 0.99%** 1.00%** 0.99%*** 0.99%*** 0.37
(0.00) (0.00) (0.01) (0.00)
Prior range x -0.24 %% -0.25%%* -0.23%%* -0.26%%* 0.26
treatment 1 (0.01) (0.02) (0.02) (0.02)
Prior range x -0.26%%* -0.27%%* -0.22%%* -0.29%%* 0.05*
treatment 2 (0.01) (0.03) (0.02) (0.02)
Prior range x -0.24 %% -0.22%%* -0.22%%* -0.29%%* 0.07*
treatment 3 (0.01) (0.03) (0.02) (0.02)
Observations 4,212 1,396 1,670 1,146 -
r-squared 0.94 0.94 0.95 0.93 -

Note. Value of network information sub-categories are determined by: low <= 150, 150 <medium

<=300, high > 300. The table reports estimates for beliefs after treatments, following specification

2. Robust standard errors are reported in parentheses.



Appendix CC

Treatment Effects on Inflation Uncertainty by Industry and Number of Employees

Baseline

Small
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Small Small Small trade Small Large Large Large Large trade Large
professional construction  manufacturing firms transportation  professional construction  manufacturing firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 0.71%** 0.78%** 0.66* 0.41%** 0.65%** -0.15 0.39 2.75%** 1.10%** 0.71%** 0.39
(0.06) (0.10) 0.37) (0.15) (0.12) (0.20) (0.23) (0.43) (0.18) (0.23) (0.33)
Treatment 2 1.60%** 1.55%** 1.09%** 1.63%** 1.56%*** 1.21%** 1.18*** -0.60 1.13%%* 1.39%** 1.80%**
(0.07) (0.15) (0.40) (0.18) (0.12) (0.39) (0.30) (1.33) 0.27) (0.30) (0.43)
Treatment 3 1.47%** 1.60%** 2.86%** 1.25%** 1.52%** 1.34%%* 1.65%** 1.33 1.05%** 112%%* 2.14%%*
(0.07) 0.12) 0.61) 0.24) (0.14) (0.47) (0.20) (1.03) (0.28) (0.29) (0.34)
Prior range 0.99%** 0.99%** 1.00%** 0.96%** 0.99%** 1.00%** 1.00%*** 0.99%** 0.99%** 1.00%** 1.00***
(0.00) (0.00) (0.00) (0.02) (0.01) (0.00) (0.00) (0.00) (0.01) (0.01) (0.04)
Prior range x -0.45%%%* -0.43%%* -0.43%%* -0.37%%* -0.46%%* -0.32%%%* -0.41%%* -0.78%** -0.53%** -0.48%** -0.44%%*
treatment 1 (0.01) (0.02) (0.07) (0.04) (0.02) (0.05) (0.04) (0.07) (0.04) (0.03) (0.05)
Prior range x -0.53%#* -0.51%** -0.50%** -0.52%%* -0.55%#* -0.58*** -0.49%%* -0.20 -0.40%** -0.56%** -0.56%+**
treatment 2 (0.01) (0.03) (0.07) (0.05) (0.02) (0.05) (0.05) (0.20) (0.06) (0.04) (0.05)
Prior range x -0.55%%* -0.55%** -0.70%** -0.51%** -0.55%#* -0.54%+* -0.57*%* -0.50%** -0.49%** -0.57%%* -0.68***
treatment 3 (0.01) (0.02) (0.08) (0.07) (0.03) (0.08) (0.03) (0.16) (0.06) (0.04) (0.04)
Observations 4,212 1,164 55 818 798 96 353 38 608 186 96
r-squared 0.84 0.83 0.77 0.69 0.88 0.87 0.84 0.89 0.73 0.89 0.90

Note. Employment size sub-categories are determined by: small < 30, large > =30. The table reports estimates for GDP uncertainty after treatments, following

specification 2. Robust standard errors are reported in parentheses.



Appendix DD

Treatment Effects on Inflation Uncertainty by Industry and Number of Competitors

Baseline

Low
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Low Low Low Low High High High High High
competition competition competition competition competition competition competition competition competition competition
professional construction — manufacturing  trade firms transportation  professional construction — manufacturing  trade firms transportation

services firms firms firms firms services firms firms firms firms
Treatment 1 0.71%** 0.34%* 1.13%* 0.91%** 0.65%** 0.14 0.83%** 0.28 0.39%* 0.64%** 0.17
(0.06) (0.15) (0.52) 0.17) (0.24) (0.29) (0.12) (0.58) (0.16) 0.11) (0.18)
Treatment 2 1.60%** 1.18%** 0.67 1.13%** 1.28%** 1.18*** 1.61%*** 0.84 1.74%%* 1.67%** 1.84%%*
(0.07) (0.22) (0.68) (0.22) (0.28) (0.45) (0.18) (0.63) (0.22) 0.11) (0.40)
Treatment 3 1.47%** 1.57*** 2.87%** 1.26%** 1.27%** 2.44%xx* 1.54%** 2.17%%* 1.10%** 1.53%** 1.06%*
(0.07) (0.17) (0.90) (0.23) (0.25) (0.40) (0.13) (0.64) 0.27) (0.15) (0.42)
Prior range 0.99%** 1.00%*** 1.00%** 0.98%** 0.98%** 1.00%*** 0.99%** 1.00%*** 0.96%** 1.00*** 1.00%**
(0.00) (0.00) (0.00) (0.01) (0.02) (0.00) (0.00) (0.00) (0.02) (0.00) (0.00)
Prior range x -0.45%%%* -0.40%** -0.53%*x* -0.50%** -0.47%** -0.38%*** -0.42%** -0.35%* -0.35%** -0.46%** -0.42%**
treatment 1 (0.01) (0.02) (0.07) (0.04) (0.04) (0.05) (0.03) (0.14) (0.04) (0.02) (0.04)
Prior range x -0.53%** -0.48%*** -0.42%** -0.41%** -0.51%** -0.51%** -0.51%** -0.45%** -0.54%*x* -0.57%** -0.62%**
treatment 2 (0.01) (0.04) (0.10) (0.05) (0.04) (0.05) (0.04) (0.20) (0.06) (0.02) (0.06)
Prior range x -0.55%** -0.57%** -0.70%** -0.54%%* -0.56%** -0.71%** -0.53%** -0.60%** -0.47%%* -0.56%** -0.50%**
treatment 3 (0.01) (0.03) (0.15) (0.05) (0.04) (0.05) (0.03) (0.09) (0.08) (0.03) (0.08)
Observations 4,212 632 46 776 308 101 885 47 650 676 91
r-squared 0.84 0.84 0.87 0.73 0.88 0.89 0.82 0.78 0.68 0.88 0.89

Note. Number of competitors sub-categories are determined by: low < 9, high > =9. The table reports estimates for GDP uncertainty after treatments, following

specification 2. Robust standard errors are reported in parentheses.
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Appendix EE

Treatment Effects on Inflation Uncertainty by Industry and Total Production

Baseline Low production Low production Low production Low production Low production High production High production High production High production High production

professional construction — manufacturing  trade firms transportation  professional construction  manufacturing  trade firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 0.71%** 0.69%** 0.59 0.33* 0.69%** 0.09 0.73%** 2.98%** 0.97%** 0.70** 0.12
(0.06) (0.16) (0.36) (0.18) (0.11) (0.16) (0.11) (0.52) (0.15) (0.28) (0.41)
Treatment 2 1.60%** 1.67%** 1.03* 1.81%** 1.61%*** 1.44%** 1.38%** 0.35 1.13%%* 1.50%** 1.49%*
(0.07) (0.18) (0.53) 0.21) (0.11) (0.38) (0.18) (0.85) (0.22) (0.29) (0.67)
Treatment 3 1.47%** 1.63%** 3.20%** 1.08%** 1.47%** 1.97%** 1.60%*** 0.92 1.29%** 1.61%** 1.58***
(0.07) 0.21) (0.64) 0.27) (0.13) (0.42) (0.12) (0.84) (0.23) 0.41) (0.36)
Prior range 0.99%** 0.99%** 1.00%** 0.94%** 1.00%*** 1.00%** 1.00%*** 1.00%** 0.99%** 0.96%** 1.00%**
(0.00) (0.01) (0.00) (0.02) (0.00) (0.00) (0.00) (0.00) (0.01) (0.04) (0.01)
Prior range x -0.45%%%* -0.40%** -0.43%%* -0.35%%* -0.47%%* -0.38*#* -0.44%%* -0.80%** -0.50%** -0.45%** -0.38%***
treatment 1 (0.01) (0.03) (0.07) (0.04) (0.02) (0.03) (0.02) (0.08) (0.03) (0.05) (0.07)
Prior range x -0.53%#* -0.53%** -0.49%** -0.57%%* -0.57*%* -0.58*** -0.50%** -0.35%* -0.40%** -0.53%** -0.50%***
treatment 2 (0.01) (0.04) (0.09) (0.06) (0.02) (0.05) (0.03) (0.15) (0.05) (0.06) (0.08)
Prior range x -0.55%%* -0.55%** -0.77%%* -0.47%%* -0.56%%* -0.65%%* -0.56%%* -0.46%** -0.55%%* -0.60%** -0.57*%*
treatment 3 (0.01) (0.04) (0.10) (0.07) (0.02) (0.06) (0.02) 0.12) (0.05) (0.07) (0.05)
Observations 4,212 495 50 641 824 123 1,022 43 785 160 69
r-squared 0.83 0.85 0.77 0.66 0.88 0.90 0.83 0.88 0.74 0.88 0.87

Note. Total production sub-categories are determined by: low < $20,000,000, high > =$20,000,000, where total production is the value of total production. The table

reports estimates for GDP uncertainty after treatments, following specification 2. Robust standard errors are reported in parentheses.
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Treatment Effects on Inflation Uncertainty by Industry and Customer Network
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Baseline Small network Small network Small network Small network Small network Large network Large network Large network Large network Large network
professional construction — manufacturing  trade firms transportation  professional construction  manufacturing  trade firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 0.71%** 0.77%** 0.63** 0.53%** 0.57%** 0.20 0.73%** 0.80 0.78%** 0.76%** -0.12
(0.06) (0.15) (0.30) (0.19) (0.17) (0.21) (0.11) (0.50) (0.15) 0.12) (0.27)
Treatment 2 1.60%** 1.70%** 1.51 1.63%** 1.62%** 1.77%** 1.43%** -0.06 1.35%** 1.50%** 0.77
(0.07) (0.16) 0.44) (0.18) (0.16) (0.47) (0.17) (0.79) 0.21) 0.14) (0.47)
Treatment 3 1.47%** 1.71%** 0.79 1.35%** 1.47%** 1.34%%* 1.59%** 3.07%** 1.15%** 1.55%** 2.20%**
(0.07) 0.17) (1.03) (0.29) (0.20) (0.33) (0.13) 0.71) 0.21) (0.16) (0.40)
Prior range 0.99%** 1.00%** 1.00%** 0.98%** 0.98%** 1.00%** 1.00%*** 1.00%** 0.96%** 1.00%** 1.00%**
(0.00) (0.00) (0.00) (0.02) (0.02) (0.00) (0.00) (0.00) (0.01) (0.00) (0.00)
Prior range x -0.45%%%* -0.44 %% -0.51%** -0.43%%* -0.46%%* -0.42%%%* -0.43%%%* -0.41%* -0.44%*x* -0.48%** -0.32%**
treatment 1 (0.01) (0.03) (0.05) (0.05) (0.03) (0.03) (0.02) (0.10) (0.03) (0.02) (0.06)
Prior range x -0.53%#* -0.58%** -0.55%** -0.52%%* -0.58*#* -0.61%%* -0.48*+* -0.3*** -0.45%** -0.53%*x* -0.44%**
treatment 2 (0.01) (0.03) (0.08) (0.05) (0.03) (0.06) (0.04) (0.13) (0.05) (0.03) (0.06)
Prior range x -0.55%%* -0.59%** -0.44 %% -0.57%%* -0.55%#* -0.59%#* -0.55%%* -0.74%%* -0.49%** -0.60%** -0.65%%*
treatment 3 (0.01) (0.03) (0.13) (0.07) (0.04) (0.06) (0.03) (0.13) (0.05) (0.03) (0.06)
Observations 4,212 511 35 500 508 88 1,006 58 926 476 104
r-squared 0.83 0.87 0.91 0.75 0.87 0.90 0.82 0.81 0.68 0.89 0.89

Note. Customer network sub-categories are determined by: small < 8, high > =8, where customer network is the number of discussions with their customers per month,

following specification 2. The table reports estimates for GDP uncertainty after treatments. Robust standard errors are reported in parentheses.
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Treatment Effects on Inflation Uncertainty by Industry and Value of Professional Forecasts

Baseline

Low value of

Low value of

Low value of

Low value of
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Low value of  High value of High value of High value of High value of High value of
forecasts forecasts forecasts forecasts trade forecasts forecasts forecasts forecasts forecasts trade forecasts
professional construction  manufacturing firms transportation  professional construction  manufacturing firms transportation

services firms firms firms firms services firms firms firms firms
Treatment 1 0.71%%* 0.79%** 1.27%%* 0.55%** 0.70%** -0.10 0.68%** 0.80 0.78%** 0.76%** -0.12
(0.06) 0.12) 0.47) (0.13) (0.13) (0.19) (0.13) (0.50) (0.15) 0.12) (0.27)
Treatment 2 1.60%** 1.49%** 0.13 1.48%** 1.53%%* 0.93 1.56%** -0.06 1.35%** 1.50%** 0.77
(0.07) (0.13) 0.77) 0.17) (0.16) (0.71) (0.27) (0.79) 0.21) 0.14) (0.47)

Treatment 3 1.47%%* 1.68%** 1.75%%* 1.18%** 1.85%%* 1.98*** 1.59%%* 3.07*** 1.15%** 1.55%** 2.20%**
(0.07) (0.15) (0.45) (0.23) (0.15) (0.49) (0.14) 0.71) 0.21) (0.16) (0.40)

Prior range 0.99%** 1.00*** 1.00*** 0.96%** 1.00%** 1.00%** 0.99%** 1.00%*** 0.96%** 1.00*** 1.00%**
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00) (0.01) (0.00) (0.00)

Prior range x -0.45%** -0.44%*x* -0.55%** -0.41%** -0.49%** -0.36%*** -0.43%** -0.41%* -0.44%*x* -0.48%** -0.32%**
treatment 1 (0.01) (0.02) (0.07) (0.03) (0.02) (0.04) (0.03) (0.10) (0.03) (0.02) (0.06)

Prior range x -0.53%** -0.51%** -0.33%*x* -0.47%** -0.55%** -0.47%** -0.51%** -0.3** -0.45%** -0.53%** -0.44%**
treatment 2 (0.01) (0.03) 0.14) (0.04) (0.03) (0.09) (0.05) (0.13) (0.05) (0.03) (0.06)

Prior range x -0.55%** -0.55%%* -0.54%%* -0.51%%* -0.64%** -0.63%** -0.57%** -0.74%%* -0.49%** -0.60%** -0.65%**
treatment 3 (0.01) (0.03) (0.08) (0.06) (0.02) (0.07) (0.03) (0.13) (0.05) (0.03) (0.06)

Observations 4,212 787 31 1,021 419 93 730 62 405 565 99
r-squared 0.83 0.85 0.90 0.71 0.90 0.84 0.83 0.79 0.70 0.87 0.93

Note. Value of professional forecasts sub-categories are determined by: low < $500, high > = $500. The table reports estimates for GDP uncertainty after treatments,

following specification 2. Robust standard errors are reported in parentheses.
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Treatment Effects on Inflation Uncertainty by Industry and Margin

Baseline
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Low margin Low margin Low margin Low margin Low margin High margin ~ High margin  High margin =~ High margin ~ High margin
professional construction — manufacturing  trade firms transportation  professional construction  manufacturing  trade firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 0.71%** 0.75%** 0.97 0.69%** 1. 15%** -0.47 0.70%** 0.78** 1.16%** 0.58%** 0.36%*
(0.06) (0.13) (1.34) 0.12) (0.28) (0.34) (0.11) (0.36) (0.22) 0.11) (0.16)
Treatment 2 1.60%** 1.66%** 1.18** 1.45%** 2.16%** 0.89* 1.37%** 0.81 -0.66 1.50%** 1.68***
(0.07) (0.18) 0.47) (0.15) (0.22) (0.48) (0.16) 0.67) (2.13) 0.12) (0.43)
Treatment 3 1.47%** 1.32%%* 0.79 1.22%** 1.70%*** 1.37%** 1.74%** 2.84%** 2.70%** 1.50%** 2.07***
(0.07) (0.19) 0.61) (0.18) (0.32) (0.51) (0.12) (0.66) 0.77) 0.14) (0.38)
Prior range 0.99%** 0.99%** 1.01%** 0.97%** 1.00%*** 1.00%** 1.00%*** 1.00%** 1.27%** 0.99%** 1.00***
(0.00) (0.00) (0.01) (0.01) (0.00) (0.00) (0.00) (0.00) (0.01) (0.01) (0.00)
Prior range x -0.45%%%* -0.42%%* -0.43 -0.44 %% -0.54%+* -0.28*#* -0.43%%%* -0.47** -0.45%%* -0.45%%* -0.43%%*
treatment 1 (0.01) (0.03) (0.29) (0.03) (0.05) (0.07) (0.02) (0.05) (0.06) (0.02) (0.02)
Prior range x -0.53%#* -0.51%** -0.55%** -0.47%%* -0.63%%* -0.51%%* -0.50%** -0.43%%* -0.18 -0.54 %% -0.57*%*
treatment 2 (0.01) (0.04) (0.13) (0.04) (0.03) (0.08) (0.03) 0.11) (0.39) (0.02) (0.06)
Prior range x -0.55%%* -0.49%** -0.45%%* -0.52%%* -0.60*** -0.55%%* -0.58*#* -0.69%** -0.93%** -0.57%%* -0.66%**
treatment 3 (0.01) (0.04) (0.10) (0.04) (0.06) (0.09) (0.02) 0.11) (0.18) (0.02) (0.05)
Observations 4,212 499 22 1,407 128 70 1,043 73 19 888 122
r-squared 0.83 0.84 0.67 0.71 0.88 0.89 0.84 0.86 0.83 0.88 0.90

Note. Profit margin sub-categories are determined by: low < 40%, high > = 40%. The table reports estimates for GDP uncertainty after treatments, following

specification 2. Robust standard errors are reported in parentheses.
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Appendix 11

Treatment Effects on Sales Uncertainty by Industry and Number of Employees

Baseline Small Small Small Small trade Small Large Large Large Large trade Large
professional construction  manufacturing firms transportation  professional construction  manufacturing firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 0.77%** 0.63%** -0.05 0.35%** 1.44%** 1.01%* 0.77%%* 1.78%** 0.26%** 1.44%** 0.47
(0.06) (0.09) (0.13) (0.06) (0.19) (0.59) (0.12) (0.46) (0.09) (0.35) (0.52)
Treatment 2 0.88%** 0.81%** 1.56%** 0.35%** 1.64*** 1.65%** 0.59%** 2.23* 0.15%* 1.93%** 0.46
(0.06) (0.09) (0.48) (0.06) (0.16) (0.45) (0.15) (1.31) (0.06) (0.43) (0.42)
Treatment 3 0.81%** 0.83%** 0.14 0.44%** 1.21%** 1.05%** 0.67%** 2.31%** 0.20** 1.30%** 0.51
(0.06) (0.10) 0.11) (0.06) (0.21) (0.30) (0.09) 0.74) (0.08) (0.26) (0.51)
Prior range 0.99%** 1.00%** 0.98%** 1.00%** 0.99%** 0.98%** 1.00%*** 1.01%** 0.99%** 1.00%** 0.94%**
(0.00) (0.00) (0.01) (0.00) (0.01) (0.01) (0.00) (0.01) (0.00) (0.01) (0.05)
Prior range x -0.24%%* -0.23%%* -0.01 -0.16%** -0.31%%* -0.24%* -0.26%%* -0.37%%* -0.13%%* -0.35%%* -0.13
treatment 1 (0.01) (0.02) (0.03) (0.02) (0.03) (0.13) (0.02) (0.10) (0.02) (0.05) (0.10)
Prior range x -0.26%%* -0.28%** -0.33%%* -0.14%%* -0.33%%* -0.35%%* -0.22%%* -0.51** -0.09%** -0.41%%* -0.15*
treatment 2 (0.01) (0.02) (0.09) (0.01) (0.02) (0.08) (0.03) (0.26) (0.01) (0.06) (0.08)
Prior range x -0.24%%* -0.27%%* -0.02 -0.16%** -0.28*%* -0.24%%* -0.23%%* -0.49%** -0.10%** -0.32%%* -0.16
treatment 3 (0.01) (0.02) (0.02) (0.02) (0.03) (0.06) (0.02) (0.13) (0.02) (0.04) (0.11)
Observations 4,212 1,164 55 818 798 96 353 38 608 186 96
r-squared 0.94 0.93 0.97 0.96 0.90 0.92 0.96 0.67 0.96 0.90 0.93

Note. Employment size sub-categories are determined by: small < 30, large > =30. The table reports estimates for GDP uncertainty after treatments, following

specification 2. Robust standard errors are reported in parentheses.
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Treatment Effects on Sales Uncertainty by Industry and Number of Competitors

Baseline

Low

Low

137

Low Low Low High High High High High
g g
competition competition competition competition competition competition competition competition competition competition
professional construction — manufacturing  trade firms transportation  professional construction — manufacturing  trade firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 0.77%** 0.66%** 0.53* 0.28%** 1.49%** 0.34 0.68%** 0.54 0.37%%* 1.41%** 1.07*
(0.06) 0.14) 0.27) (0.07) (0.24) (0.46) (0.09) (0.54) (0.07) (0.22) (0.63)
Treatment 2 0.88%** 0.72%** 2.02%* 0.20%** 1.47%** 0.37 0.67%** 1.66%** 0.35%** 1.74%** 1.76%***
(0.06) 0.11) 0.97) (0.06) (0.26) (0.49) (0.16) (0.54) (0.07) (0.18) (0.52)
Treatment 3 0.81%** 0.76%** 1.02%* 0.24%** 1.05%%* 0.20 0.75%** 1.23%* 0.41%%* 1.36%** L.O1#**
(0.06) (0.10) (0.35) (0.07) (0.17) (0.41) (0.10) (0.63) (0.07) (0.26) (0.32)
Prior range 0.99%** 1.00%** 1.01%** 1.00%** 0.99%** 0.93%** 1.00%*** 0.98%** 1.00%** 0.99%** 0.99%**
(0.00) (0.00) (0.01) (0.00) (0.00) (0.06) (0.00) (0.01) (0.00) (0.01) (0.01)
Prior range x -0.24%*** -0.24%** -0.15%** -0.14%** -0.34%** -0.11 -0.23%** -0.12 -0.17%** -0.30%** -0.26*
treatment 1 (0.01) (0.03) (0.05) (0.02) (0.03) (0.09) (0.02) 0.11) (0.02) (0.03) (0.14)
Prior range x -0.26%*** -0.25%** -0.45%* -0.10%** -0.35%** -0.12 -0.24%** -0.35%** -0.14%** -0.33%*x* -0.37%**
treatment 2 (0.01) (0.02) (0.20) (0.01) (0.04) (0.10) (0.04) (0.09) (0.02) (0.02) (0.08)
Prior range x -0.24%** -0.27%%* -0.24%%* -0.12%%* -0.30%** -0.07 -0.24%** -0.29%* -0.15%** -0.29%%* -0.26
treatment 3 (0.01) (0.02) (0.08) (0.01) (0.03) (0.08) (0.02) 0.14) (0.02) (0.03) (0.07)
Observations 4,212 632 46 776 308 101 885 47 650 676 91
r-squared 0.94 0.95 0.86 0.96 0.90 0.94 0.94 0.88 0.96 0.90 0.92

Note. Number of competitors sub-categories are determined by: low < 9, high > =9. The table reports estimates for GDP uncertainty after treatments, following

specification 2. Robust standard errors are reported in parentheses.
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Appendix KK

Treatment Effects on Inflation Uncertainty by Industry and Total Production

Baseline Low production Low production Low production Low production Low production High production High production High production High production High production

professional construction — manufacturing  trade firms transportation  professional construction  manufacturing  trade firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 0.77%** 0.75%** -0.02 0.38%** 1.47*** 1.04* 0.63%** 1.64%** 0.25%%* 1.28%** 0.38
(0.06) (0.15) (0.15) (0.07) (0.18) (0.61) (0.09) (0.45) (0.07) (0.45) (0.65)
Treatment 2 0.88%** 0.65%** 1.76%** 0.36%** 1.60%*** 1.39%** 0.71%** 0.99 0.19%** 1.92%** 0.54
(0.06) (0.10) (0.40) (0.07) (0.16) (0.46) (0.13) (0.85) (0.06) (0.46) (0.68)
Treatment 3 0.81%** 0.91%** 0.24* 0.43%** 1.26%** 0.77%** 0.72%** 2.56* 0.24%** 0.98%** 0.60
(0.06) (0.22) (0.13) (0.07) (0.20) (0.25) (0.07) (1.31) (0.07) 0.27) (0.55)
Prior range 0.99%** 1.00%*** 0.98%** 1.00%*** 0.99%** 0.99%** 1.00%*** 1.00%** 1.00%** 0.99%** 0.91%**
(0.00) (0.00) (0.02) (0.00) (0.01) (0.01) (0.00) (0.01) (0.00) (0.01) (0.08)
Prior range x -0.24%%* -0.24%%* -0.01 -0.16%** -0.31%%* -0.24* -0.24%%* -0.35%** -0.14%*x* -0.32%** -0.13
treatment 1 (0.01) (0.03) (0.03) (0.02) (0.02) (0.13) (0.02) (0.10) (0.02) (0.07) (0.12)
Prior range x -0.26%%* -0.23%%* -0.38#** -0.14%%* -0.33%%* -0.32%%%* -0.25%%* -0.24 -0.10%** -0.40%** -0.17
treatment 2 (0.01) (0.02) (0.07) (0.02) (0.02) (0.09) (0.03) (0.19) (0.01) (0.08) (0.13)
Prior range x -0.24%%* -0.27%%* -0.04* -0.16%** -0.29%#* -0.18*#* -0.25%%* -0.50** -0.11%%* -0.27%%* -0.19*
treatment 3 (0.01) (0.05) (0.03) (0.02) (0.03) (0.05) (0.02) (0.21) (0.01) (0.05) (0.10)
Observations 4,212 495 50 641 824 123 1,022 43 785 160 169
r-squared 0.94 0.93 0.94 0.96 0.90 0.93 0.95 0.79 0.96 0.88 0.91

Note. Total production sub-categories are determined by: low < $20,000,000, high > =$20,000,000, where total production is the value of total production. The table

reports estimates for GDP uncertainty after treatments, following specification 2. Robust standard errors are reported in parentheses.
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Treatment Effects on Sales Uncertainty by Industry and Customer Network
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Baseline Small network Small network Small network Small network Small network Large network Large network Large network Large network Large network
professional construction — manufacturing  trade firms transportation  professional construction  manufacturing  trade firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 0.77%** 0.60%** 0.90%** 0.36%** 1.28%** 1.10 0.72%** 0.35 0.28%** 1.50%** 0.30
(0.06) 0.12) (0.28) (0.10) (0.25) (0.77) (0.09) (0.28) (0.05) (0.23) (0.19)
Treatment 2 0.88%** 0.76%** 0.33 0.35%** 1.40%** 0.30 0.67%** 2.06%** 0.23%** 1.79%** 1.54%**
(0.06) (0.15) 0.27) (0.07) (0.20) (0.41) (0.12) 0.47) (0.06) (0.20) (0.47)
Treatment 3 0.81%** 0.79%** 1.70%** 0.30%** 1.21%** 0.36 0.77%** 0.89%* 0.34** 1.21%** 1.03%**
(0.06) (0.10) (0.81) (0.09) (0.26) (0.49) (0.08) (0.40) (0.06) (0.22) (0.27)
Prior range 0.99%** 1.00%** 0.99%** 1.00%** 0.99%** 0.91%** 1.00%*** 1.00%** 0.99%** 0.99%** 1.00***
(0.00) (0.00) (0.01) (0.00) (0.00) (0.06) (0.00) (0.01) (0.00) (0.01) (0.01)
Prior range x -0.24%%* -0.2]%%* -0.20%** -0.15%%* -0.29%%* -0.24 -0.26%%* -0.10 -0.14%*x* -0.33%*x* -0.10%*
treatment 1 (0.01) (0.03) (0.06) (0.02) (0.03) (0.15) (0.02) (0.07) (0.01) (0.03) (0.05)
Prior range x -0.26%%* -0.25%%* -0.09 -0.13%%* -0.30%** -0.10 -0.24%%* -0.44%*x* 0. 11 *** -0.36%** -0.35%**
treatment 2 (0.01) (0.03) (0.06) (0.02) (0.03) (0.08) (0.03) (0.08) (0.01) (0.03) (0.09)
Prior range x -0.24%%* -0.27%%* -0.37%%* -0.13%%* -0.28** -0.14 -0.25%%* -0.20%* -0.13%** -0.30%** -0.24%**
treatment 3 (0.01) (0.02) (0.15) (0.02) (0.04) (0.10) (0.02) (0.10) (0.01) (0.03) (0.05)
Observations 4,212 511 35 500 508 88 1,006 58 926 476 104
r-squared 0.94 0.95 0.93 0.96 0.90 0.91 0.94 0.85 0.96 0.90 0.94

Note. Customer network sub-categories are determined by: small < 8, high > =8, where customer network is the number of discussions with their customers per month.

The table reports estimates for GDP uncertainty after treatments, following specification 2. Robust standard errors are reported in parentheses.
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Treatment Effects on Sales Uncertainty by Industry and Value of Professional Forecasts
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Baseline Low value of Low value of Low value of Low value of Low value of High value of High value of High value of High value of High value of
forecasts forecasts forecasts forecasts trade forecasts forecasts forecasts forecasts forecasts trade forecasts
professional construction  manufacturing firms transportation ~ professional construction  manufacturing firms transportation

services firms firms firms firms services firms firms firms firms
Treatment 1 0.77*** 0.75%%** 0.46 0.34%%** 1.19%*** 0.35%* 0.58%%** 0.28 0.22%** 1.58%** 1.35%
(0.06) (0.11) (0.42) (0.06) (0.24) (0.15) (0.10) (0.25) (0.06) (0.24) (0.74)
Treatment 2 0.88%** 0.72%** 3.02 0.30%** 1.59%** 1.23%*** 0.68%** 1.47%** 0.19** 1.64%** 1.06*
(0.06) (0.16) (1.94) (0.05) (0.26) (0.26) (0.09) (0.34) (0.08) (0.16) (0.56)

Treatment 3 0.81%** 0.80%** 1.48%** 0.35%%** 0.91%** 0.64%** 0.73%** 0.44** 0.27*** 1.35%** 0.96**
(0.06) (0.12) (0.53) (0.06) (0.33) (0.20) (0.07) (0.42) (0.07) (0.18) (0.44)

Prior range 0.99%** 1.00%*** 1.00*** 1.00%*** 0.98%** 0.99%%** 1.00%*** 0.99%** 1.00*** 1.00*** 0.94%%**
(0.00) (0.00) (0.01) (0.00) (0.01) (0.01) (0.00) (0.01) (0.00) (0.00) (0.05)

Prior range x -0.24 %% -0.25%%* -0.20%%* -0.16%** -0.29%%* -0.10%%* -0.22%%* -0.08 -0.12%%* -0.33%%* -0.31**
treatment 1 (0.01) (0.02) (0.06) (0.02) (0.03) (0.03) (0.02) (0.05) (0.02) (0.03) (0.15)
Prior range x -0.26%%* -0.26%%* -0.09 -0.12%%* -0.32%%* -0.28%%* -0.24 %% -0.35%%* -0.10%** -0.34%%* -0.26%*
treatment 2 (0.01) (0.03) (0.06) (0.01) (0.03) (0.05) (0.02) (0.07) (0.02) (0.02) (0.11)

Prior range x -0.24%%* -0.26%** -0.37%%* -0.14%* -0.24%%%* -0.17%%* -0.24%%* -0.10 -0.12%%* -0.32%%* -0.24%%%*
treatment 3 (0.01) (0.03) (0.15) (0.01) (0.05) (0.04) (0.02) (0.10) (0.02) (0.02) (0.09)

Observations 4,212 787 31 1,021 419 93 730 62 405 565 99
r-squared 0.94 0.93 0.84 0.96 0.91 0.96 0.95 0.90 0.96 0.90 0.90

Note. Value of professional forecasts sub-categories are determined by: low < $500, high > = $500. The table reports estimates for GDP uncertainty after treatments,

following specification 2. Robust standard errors are reported in parentheses.
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Treatment Effects on Sales Uncertainty by Industry and Margin
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Baseline Low margin Low margin Low margin Low margin Low margin High margin ~ High margin  High margin =~ High margin ~ High margin
professional construction — manufacturing  trade firms transportation  professional construction  manufacturing  trade firms transportation
services firms firms firms firms services firms firms firms firms
Treatment 1 0.77%** 0.64%** -0.44%** 0.31%** 1.35%* 1.44%* 0.68%** 0.44 -1.78%* 1.44%%* -0.12
(0.06) (0.15) (0.19) (0.05) (0.61) (0.68) (0.09) (0.29) 0.97) 0.17) (0.31)
Treatment 2 0.88%** 0.96%** 0.85% 0.27%** 247Hx* 0.70* 0.65%** 1.95%** 0.07 1.51%** 1.19%*
(0.06) 0.11) 0.44) (0.04) (0.59) (0.40) (0.11) (0.42) (0.88) (0.15) (0.50)
Treatment 3 0.81%** 0.66%** 2.58%* 0.34%** 1.52%** 0.54** 0.79%** 0.81%** 0.63** 1.18%** 1.06%*
(0.06) (0.13) (1.22) (0.05) (0.51) (0.24) (0.09) 0.31) (0.26) (0.18) (0.48)
Prior range 0.99%** 1.00%** 1.00%** 1.00%** 1.01*** 0.99%** 1.00%*** 0.99%** 1.06%** 0.99%** 0.94%**
(0.00) (0.01) (0.01) (0.00) (0.01) (0.01) (0.00) (0.01) (0.02) (0.01) (0.05)
Prior range x -0.24%%* -0.23%%* 0.07** -0.15%%* -0.30%** -0.33%4* -0.24%%* -0.13** 0.36* -0.32%** -0.00
treatment 1 (0.01) (0.03) (0.03) (0.01) (0.08) (0.13) (0.02) (0.06) (0.19) (0.02) (0.07)
Prior range x -0.26%%* -0.30%** -0.21%* -0.12%%* -0.40%** -0.18** -0.24%%* -0.42%%* -0.07 -0.32%%* -0.29%%*
treatment 2 (0.01) (0.03) (0.10) (0.01) (0.06) (0.07) (0.02) (0.08) 0.17) (0.02) (0.09)
Prior range x -0.24%%* -0.23%%* -0.51%* -0.13%%* -0.33%%* -0.18*#* -0.27%%* -0.20%** -0.18%** -0.28%** -0.25%*
treatment 3 (0.01) (0.03) (0.22) (0.01) (0.06) (0.05) (0.02) (0.07) (0.04) (0.03) (0.10)
Observations 4,212 499 22 1,407 128 70 1,043 73 19 888 122
r-squared 0.94 0.93 0.88 0.96 0.91 0.94 0.95 0.88 0.96 0.90 0.92

Note. Profit margin sub-categories are determined by: low < 40%, high > = 40%. The table reports estimates for GDP uncertainty after treatments, following

specification 2. Robust standard errors are reported in parentheses.
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