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Abstract

This study examines the effect of federal tax expenditures on capital goods investment by Brazilian
listed firms from 2024 to 2025, using firm-level data from the newly implemented DIRBI
(Statement of Incentives, Waivers, Benefits, and Tax Immunities). The research objective is to
evaluate whether larger volumes of federal tax incentives are associated with higher levels of fixed-
capital investment. Corporate investment is measured using fixed-asset intensity (PPE/Total
Assets) and changes in property, plant, and equipment (APPE). At the same time, tax expenditures
are quantified by the Federal Tax Benefit Intensity (IBFF) index. The relationship is analyzed using
descriptive statistics and fixed-effects panel regressions to control for unobserved firm
heterogeneity. Descriptive results reveal a high concentration of benefits, with the sample of listed
companies accounting for 8.59% of total declared tax expenditures despite representing only 3.93%
of reporting taxpayers. Significant sectoral differences were also identified, with the Health Care
sector exhibiting the highest average benefit intensity at 3.15%. Econometric findings show that
aggregate tax expenditures have no significant effect on firms’ investment, providing little
evidence that such spending stimulates additional capital formation. Even when incentives are
disaggregated into CAPEX-linked (C1) and non-CAPEX-linked (NC1) categories as a robustness
check, the effects remain sporadic, unstable, or null. Overall, federal tax benefits in Brazil appear
to function as structural or sector-specific advantages rather than effective drivers of marginal
investment, supporting the hypothesis of low additionality. These results underscore the need for
improved design, targeting, and monitoring of fiscal policies to ensure they effectively induce
productive expansion through clear obligations to counterparties.
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1. Introduction

Fiscal policy has long been a strategic tool to spur economic growth. This is especially true
when budgets are tight and private investment in capital goods must be encouraged. Tax
expenditures are defined here as revenue lost through tax breaks such as exemptions, rate
reductions, credits, accelerated depreciation, and patent or innovation boxes. These tools are meant
to reduce the cost of capital and influence investment decisions without directly raising spending
(IMF, 2022; OECD, 2010). Because they operate on the revenue side and differ in design, targeting,
and governance, tax expenditures create debates. Issues include additionality, allocative efficiency,
the risk of shifting activity, and fiscal trade-offs, especially in local and sectoral policies (von
Haldenwang et al., 2021). Recently, global reforms, such as the minimum tax debate, have begun
to affect the design and impact of income-based incentives (e.g., patent boxes). This change makes
careful evaluation and transparency even more necessary (OECD, 2023).

Evidence from other countries is mixed on the effectiveness of tax expenditures as a
development tool. Reviews of place-based policies show that special zones with tax breaks often
lead to modest, uneven job growth. This growth frequently comes by moving activity from
neighboring areas, rather than by creating new jobs. UK Enterprise Zones (Chaudhary & Potter,
2019) and France’s Zones Franches Urbaines (Givord, Rathelot & Sillard, 2013) are examples. In
Italy, regional tax credits for investment seem to boost CAPEX and jobs, but their effects depend
on program design and context (OECD, 2023; Baldassarre & Carullo, 2024).

There are also drawbacks and governance issues. Recent cases of fraud and error in the
UK’s R&D tax credits have raised questions about cost-effectiveness (Ungoed-Thomas, 2024).
The International Monetary Fund (IMF) warns that industrial and tax-incentive packages are not
quick solutions. If not carefully designed, these policies may lead to misallocation and spillovers
(IMF, 2024). In short, real effects can occur if a tax expenditure is well-targeted and clearly reduces
investment costs. Broad or badly monitored measures, though, usually have trivial effects. These
impacts may be small, displaced, or end up helping firms that would have invested anyway.

Focusing on capital goods investment, international studies indicate that tax expenditures
can leverage and stimulate business investment, although effects vary with context and firm
characteristics (Blouin et al., 2021). In the United States, Ohrn (2018) finds that a one-percentage-
point reduction in the corporate effective tax rate stemming from tax relief increases investment
by, on average, 4.7% relative to the existing capital stock. Orihara & Suzuki (2023), studying
Japanese firms, show that tax incentives can raise CAPEX, but in a heterogeneous way: effects are
larger for less financially constrained firms and for designs that clearly reduce the cost of capital
(e.g., accelerated depreciation). For firms already investing heavily, tax benefits can become
windfall gains. Bitzan, Hong, and Huseynov (2024), examining the U.S. Tax Cuts and Jobs Act
(TCJA), document that firms receiving greater tax benefits increased fixed-asset investment in the
subsequent year. Lerche (2025), analyzing incentives in German manufacturing, estimates that
reducing a firm’s investment cost by 7.6% raises its capital stock by 17.7% and employment by
12.0%. These findings underscore the potential of tax expenditures to lower the cost of capital and
thereby support economic growth, despite ongoing controversy.

Understanding how tax expenditures influence investment decisions requires considering
theoretical assumptions about firm behavior under financial constraints. In perfect capital markets,
Modigliani & Miller (1958) argue that investment decisions are independent of capital structure
and unaffected by financing constraints.
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However, in practice, this independence rarely appears. Market hurdles, such as
information gaps and credit limits, restrict firms’ access to external funds (Kirch, Procianoy &
Terra, 2014). In these cases, internal cash is crucial for new investments. This focus on cash flow
and liquidity justifies testing whether tax breaks can affect Brazilian firms’ investment capacity
(Oliveira, 2014).

In Brazil, the effectiveness of tax expenditures in stimulating investment remains unclear.
This is mainly because there are few empirical evaluations and no standardized, accessible datasets
(Paes, 2012). Recent steps in tax transparency aim to strengthen oversight of tax-relief policies
(Lolli, 2022). To address information gaps, the government introduced a new reporting requirement
for taxpayers in 2024: the Statement of Incentives, Waivers, Benefits, and Tax Immunities of a Tax
Nature (DIRBI). This measure has become a milestone for analyzing the effects of tax policies at
the firm level (Federal Revenue of Brazil, 2025; Federal Senate of Brazil, 2025).

DIRBI collects data on Brazilian tax expenditures through regular self-reports by firms. It
aims to standardize reporting and support fiscal planning and policy evaluation. Unlike
international systems, which target incentive eligibility or compliance, DIRBI is for system-wide
transparency and measures foregone tax revenue after the fact. It is not an eligibility tool or a
disclosure of tax planning.

Prior Brazilian evidence is mixed on the link between tax expenditures and corporate
investment. Rezende, Dalmadcio, and Rathke (2018) see tax incentives as financing that supports
cash flow and boosts short-term investment, but does not affect long-term value, such as
shareholder returns. Silva, Carvalho, and Pinheiro (2020) find that incentivized firms place greater
value on the government and less on employees, so they do not boost employment and income as
expected. Recent studies show that tax incentives shape firms' financial behavior by altering tax
uncertainty and cash flexibility, thereby influencing operational and investment choices (Martinez
et al., 2025). Santos & Nossa (2021) report a negative link between tax expenditures and
profitability, but a positive link with investment among firms with payroll tax relief.

Because there are no harmonized metrics to measure tax incentives, prior Brazilian
empirical studies may yield conflicting results, partly because they use different operational proxies
for firms’ tax benefits. Finance-oriented studies, for example, use indirect measures such as
monetary values disclosed in notes or dummy variables indicating the disclosure of tax benefits
(Silva, Carvalho, & Pinheiro, 2020; Diniz & Martins, 2022; Santos et al., 2024; Martinez et al.,
2025). Studies focused on specific policies, such as payroll tax relief, use binary indicators of legal
adherence (Santos & Nossa, 2021). Other authors use indirect measures such as the effective tax
rate (ETR or cash ETR), which may reflect the use of benefits or tax-planning strategies but do not
separate incentives from other planning arrangements (Aratijo, Miranda, & Moreira, 2022).
Leveraging the opportunity to use a homogeneous, comparable tax-expenditure measure, this study
asks: What are the effects of federal tax expenditures measured by DIRBI on the level of capital
goods investment by Brazilian listed companies?

2. Theoretical Review
2.1 Tax Expenditures

The specialized literature converges on the view that tax expenditures are a form of public
spending implemented through the tax system, aimed at specific economic and social objectives

via exemptions, deductions, credits, and rate reductions (Surrey & McDaniel, 1985). The analysis
of tax expenditures goes beyond revenue concerns and connects to debates on spending efficiency,
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targeting, and investment effects (Burman, 2003). In Brazil, the Federal Revenue Service defines
them as indirect government spending implemented through the tax system, which reduces revenue
by granting tax benefits and thereby affecting the taxpayer’s economic capacity (Brasil, 2022).

What counts as a tax expenditure depends on the adopted Benchmark Tax System. In line
with regional guidance and domestic practice, three approaches are commonly recognized:
conceptual, legal, and “subsidy-analog.” The conceptual approach starts from a broad theoretical
tax base; the legal approach takes current legislation as the benchmark; and the subsidy-analog
approach limits the concept to concessions comparable to direct subsidies (Jorratt, Villela &
Lembruger, 2009). In Brazil, the legal approach predominates, grounded in tax law, accounting
standards, economic and tax principles, and doctrine. This choice favors transparency,
predictability, and consistency in benefit measurement, enabling the identification of explicit
exceptions and their annual disclosure for assessing effectiveness and fiscal and economic impacts;
however, even when the law is the main reference, it does not exhaust the interpretive process
(Pinheiro, Ferreira Janior, Corréa Junior, 2024).

Operationally, tax expenditures are revenue losses arising from exclusions, deductions,
credits, preferential rates, or deferrals that deviate from the benchmark structure. The definition of
the “normal base,” however, is normative and contested, generating conceptual and methodological
debates (Altshuler & Dietz, 2011; Burman, 2003). Because the benchmark defines what counts as
a deviation, published tax-expenditure estimates are sensitive to unmodeled behavioral responses,
interactions across benefits, indirect impacts on other bases, and challenges in standardizing across
programs and sectors. These issues, widely noted in both the literature and in tax-expenditure
budgets, call for caution in cross-jurisdiction comparisons and for rigorous effectiveness evaluation
(Altshuler & Dietz, 2011; Burman, 2003; Mankiw, 2017).

From a theoretical and institutional perspective, tax incentives in Brazil are not
homogeneous. They can be distinguished into instruments that directly affect the cost of capital,
such as accelerated depreciation and machinery acquisition credits, and operational incentives
aimed at current liquidity. This distinction guides this study’s methodology by splitting IBFF into
incentives linked to capital formation (C1) and incentives associated with cash flow (NC1). The
distinction aligns with the literature emphasizing instrument heterogeneity and different
transmission channels (OECD, 2010; Federal Revenue of Brazil, 2020). Recent reports stress that
operational incentives tend to exhibit lower additionality for productive investment when they lack
explicit counterparty obligations (Ministério da Fazenda, 2023; OECD, 2023). This categorization,
therefore, helps interpret the absence of statistical significance in a manner consistent with
economic theory and contemporary guidelines for tax-expenditure transparency and evaluation
(Federal Revenue of Brazil, 2025).

2.2 Economics of Tax Incentives

Economically, tax incentives are state measures that reduce, exempt, or defer taxes to
induce activities deemed socially or regionally desirable. Unlike direct public spending, they
operate through foregone revenue and therefore constitute indirect tax expenditures. Incentive
policies should thus be understood as interventions that change relative prices and can affect firms’
investment, production, and location decisions (Redonda et al., 2019).

The literature highlights the tension between the neutrality principles, which recommend
minimal tax interference with private decisions, and the policy objectives that justify incentives.
Departures from neutrality are not inherently undesirable; they may be needed to correct market
failures, foster innovation, or mitigate regional inequality. However, risks of capture, benefit
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persistence driven by interest-group pressure, and repeated renewals of sunset rules without proper
evaluation can undermine efficiency and fiscal transparency (Burman, 2003; Altshuler & Dietz,
2011).

International evidence suggests that tax expenditures can attract investment and enhance
competitiveness but can also reallocate resources without net gains when poorly calibrated,
affecting both revenue and competition (Klemm & van Parys, 2012). The literature also points to
overestimated returns when governments ignore indirect effects, interactions among benefits, and
sectoral or spatial redistribution, which can generate fiscal imbalances and compromise the
financing of social policies (Burman, 2003). For this reason, policy evaluation should be
multidimensional, encompassing economic efficiency, equity, and transparency, with indicators
that relate outcomes to foregone resources and with routines for continuous monitoring (Ledo &
Portela, 2024; Santos, 2022).

In sum, the economics of tax incentives sit at the intersection of efficient intervention and
responsible governance. Well-designed incentives can reduce the marginal cost of investment and
generate additionality; without clear criteria, credible sunsets, and evaluation, they tend to produce
displacement, capture, and a loss of fiscal capacity, as is often observed in capital goods
investment.

2.3. Investment in Capital Goods

According to the literature, a firm’s investment level depends primarily on its capital
structure-the mix of debt and equity used to finance operations and assets-which is shaped by
financing needs for growth projects, financial risk management, and market conditions (Myers &
Majluf, 1984). Financial constraints refer to limitations on accessing external financing, whether
due to internal factors such as weak creditworthiness or a lack of collateral, or to external factors
such as tight monetary policy or economic crises (Silva, 2018).

Financial constraints can limit firm growth by hindering strategic investment and
operational expansion. Highly leveraged or low-liquidity firms face greater difficulty accessing
credit, especially in periods of economic instability. These constraints also affect innovation
capacity, as studies on R&D financing find that financially constrained firms are less likely to
invest in innovative projects (Silva, 2018).

Firms respond to financial constraints by deleveraging, diversifying funding sources, and
improving operational efficiency. Alternatives such as private investors, asset-based financing, or
digital credit platforms can help overcome barriers imposed by traditional finance (Ross et al.,
2015). The effectiveness of these measures, however, depends on sector-specific factors such as
capital requirements, investment cycles, and perceived risk. Technology- and innovation-intensive
sectors may rely more on external funding, while traditional industrial sectors may have greater
access to internal resources. In this sense, government policies such as tax incentives can mitigate
constraints by increasing investment capacity and reducing the impact of financing limitations
(Ross et al., 2015).

Economically, tax relief can influence investment through two main channels. When linked
to the acquisition of capital goods, for example, via accelerated depreciation or investment tax
credits, it lowers the marginal cost of capital and makes projects more viable (OECD, 2010).
Alternatively, relief can act through cash flow by increasing liquidity and easing short-run financial
constraints, thus affecting investment capacity through internal funds (Silva, 2018; Federal
Revenue of Brazil, 2020). The investment effect, however, depends on incentive design: benefits
conditional on investment tend to have a more direct impact on asset formation. In contrast,
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operational incentives may rebuild cash without necessarily translating into productive expansion
(Federal Revenue of Brazil, 2025).

2.3.1. Determinants of Capital Goods Investment

Firm size is a key determinant of corporate leverage. Larger firms tend to access third-party
capital more easily due to business diversification and a lower probability of bankruptcy. Lower
perceived creditor risk allows these firms to secure larger credit lines at lower cost. In addition,
large firms typically exhibit more stable cash flows and lower agency costs, facilitating monitoring
by external investors (Chen, 2014).

Profitability affects capital structure in a more complex way. Profitable firms generate
sufficient internal resources to fund projects, reducing reliance on external debt. Higher
profitability also signals safety to creditors, potentially lowering financing costs and encouraging
debt use. Accordingly, the relationship between profitability and leverage can vary across firms
and market contexts (Chen, 2014).

Asset tangibility is another relevant factor in obtaining financing, as tangible assets serve
as collateral. Firms with a higher share of tangible assets typically have greater debt capacity and
lower financing costs. This relationship is supported by agency theory, which posits that collateral
reduces perceived creditor risk and facilitates credit supply (Martins & Terra, 2014).

Conceptually, Tobin’s Q is the ratio of a firm’s market value to its replacement cost and
serves as an indicator of the economic incentive to invest. The idea is that firms maximize market
value by adjusting the capital stock until the marginal value of an additional unit of investment
equals its replacement cost (Tobin, 1969). When Q exceeds 1, the market values the firm’s assets
above replacement cost, signaling profitable opportunities to expand physical capital; when Q is
below 1, investment tends to contract because the market does not adequately reward new capital
outlays.

The literature documents a positive association between Tobin’s Q and corporate
investment: the higher the market value of assets relative to replacement cost, the stronger the
incentive to invest (Kammler & Alves, 2009), although macroeconomic uncertainty and financial
constraints may moderate this relationship (Kirch, Procianoy & Terra, 2014). International
evidence also suggests that Q can be sensitive to tax expenditures, as in the case of Chinese
manufacturing tax incentives (Liang et al., 2022).

2.4. Hypothesis Development

Against this theoretical background, tax expenditures can be understood as a mechanism to
alleviate financial constraints and stimulate investment, especially when credit access is limited or
costly. By lowering the effective tax burden or deferring tax payments, these incentives increase
internal funds availability, support capital formation, and enhance firms’ ability to exploit growth
opportunities reflected, for example, in higher Tobin’s Q. Accordingly, firms receiving tax
expenditures are expected to have greater capacity to invest in capital goods, either through
improved capital structure or through a lower opportunity cost of long-term projects. This rationale
motivates the following research hypothesis:

HI: Tax expenditures have a positive effect on capital goods investment by Brazilian listed
companies.
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3.  Methodology
3.1.Type and nature of the study

This study adopts a quantitative, explanatory approach to empirically investigate the
relationship between federal tax expenditures received by Brazilian listed companies and their
capital goods investment levels. A quantitative design is appropriate because it allows
measurement of relationships among economic and tax variables using standardized, auditable
secondary data. According to Gil (2017), quantitative research seeks to deepen the understanding
of phenomena and to identify cause-and-effect relationships.

3.2.Data sources

The dataset combines three complementary sources selected to ensure breadth and
reliability. The first is DIRBI, made available by the Brazilian Federal Revenue Service through
its Open Data Portal, used to measure tax expenditures. The second is the Brazilian Securities and
Exchange Commission (CVM), which provides structured registration data (used to build
economic groups), Reference Forms, and explanatory notes. The third source is Economatica,
which provides key financial indicators, including CAPEX, ROA, EBITDA, economic sector, and
market capitalization. Integrating these sources enabled the construction of a robust panel in which
tax variables are matched to firms’ accounting and financial data over 2024 and the first quarter of
2025. This structure supports consistent empirical analysis of the relationship between tax
incentives, corporate performance, and firms’ economic behavior.

3.3.Population and sample

The population consists of all listed companies, and the study sample is defined by data
availability for constructing the variables. Financial-sector firms are excluded because regulatory
and accounting specificities undermine comparability with other sectors (Beaver, 1998). Data are
collected quarterly from January 2024 to March 2025, reflecting the availability of DIRBI.

The initial sample includes 367 firms. Of these, 45 (about 12%) are excluded for operating
in the financial sector, and 101 firms (about 29%) are excluded due to missing data required for
analysis. After exclusions, the final sample comprises 221 firms (about 60% of the initial sample)
and 1,105 observations, as shown in Table 1.

Table 1 - Company sample

Companies N

Total 367
Financial firms -45
Missing data (explanatory and control variables) -101
Total companies 221

At this stage, the sample exceeds that of Pereira et al. (2023), who, when analyzing how
capital goods investment affects economic-financial performance under the moderation of
corporate governance, examined 110 firms (from Q1 2013 to Q2 2019). In contrast, the sample
size is closer to Goes and Machado Filho (2021), with 238 firms (2009-2013), and to Souza,
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Montezano, and Lameira (2020), with 260 firms (1996-2015), both of which also focus on fixed-
asset investment.

Among the 221 firms, after computing the independent variable (IBFF), Table 2 shows that
148 firms report DIRBI information (about 65% of the sample). This is consistent with Martinez
et al. (2025), who, through qualitative analysis of notes, find mentions of tax incentives (federal,
state, and municipal) in 62.7% of the sample (2021), and with Santos et al. (2024), who find
disclosures of tax incentives in notes for roughly 56.6% of the sample (2016-2020).

Table 2 - Company sample

Companies n

With incentives 148
Without incentives 73
Total 221

3.3.1. Winsorization and variable standardization

To reduce the influence of extreme observations and increase the robustness of econometric
estimates, all continuous variables were winsorized at the 1% level in both tails. Given 1,105
observations per variable, as expected under this procedure, approximately 24 values were adjusted
in each tail of the distributions. Categorical variables and dummies (e.g., economic sector and
financial constraint) were not modified, as winsorization does not apply to them.

Table 3 reports the number of observations replaced and retained after winsorization. Most
continuous variables show 24 replacements, indicating limited outliers. Two exceptions stand out:
(a) only seven values were replaced for IBFF, suggesting low variability, and (b) a high
concentration of observations near zero. Overall, winsorization increased the statistical stability of
the variables used in subsequent models.

Table 3 - Winsorized variables

Variable Replaced Retained
Imob 24 1081
Almob (%) 24 1081
IBFF 12 1093
SIZE 24 1081
ROA 24 1081
LEV 24 1081
AGE 20 1085
TANG 24 1081
Q_Tobin 24 1081

3.4.Dependent variable

The dependent variable is capital goods investment, measured through two complementary
metrics widely used in corporate finance and accounting. The first, Fixed-Asset (PPE) Investment
Intensity (Imob), is the ratio of property, plant, and equipment to total assets (Fixed Assets / Total
Assets), capturing the intensity of physical-capital investment relative to firm size (Fazzari,
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Hubbard & Petersen, 1988). The second metric is the Change in Total PPE (Almob), which
captures the growth of the fixed-asset stock over time, reflecting net new investment after
depreciation and allowing observation of both the firm’s relative capitalization and its investment
dynamics across periods (Blouin, Krull & Robinson, 2021).

Together, these measures (Table 4) allow for the assessment of investment intensity and
investment dynamics in long-term assets, thereby improving measurement robustness. Their joint
use is particularly suitable in financially constrained settings, where investment decisions are
sensitive to the availability of internal funds and the effects of tax incentives.

Table 4 - Dependent variable

Variable Abbrev.  Formula Reference Data source

Fixed-asset (PPE) investment Imob PPE / Total assets  Fazzari, Hubbard & Economatica

intensity Petersen (1988)

Change in total PPE Almob PPE t/PPE {t- Blouin, Krull & Economatica
1} Robinson (2021)

3.5.Independent variable

The independent variable is Federal Tax Benefit Intensity (IBFF), defined as the ratio of
the absolute value of federal tax incentives claimed (from DIRBI) to the firm’s net operating
revenue (ROL) reported in the quarter, as shown in Table 5.

Table 5 - Independent variable
Variable Abbrev. Formula Data source
Federal tax benefit intensity IBFF Total incentives / Net revenue DIRBI

The main challenge in building this proxy is matching the amount of tax benefits reported
in DIRBI to the financial data of the listed companies analyzed. This complexity arises because the
financial information used in this study comes from consolidated financial statements, whereas
DIRBI information is reported separately for each CNPJ (taxpayer ID).

To build the proxy, we performed a matching exercise between consolidating entities (listed
companies) and the consolidated CNPJs identified in the DIRBI database, based on ownership
information disclosed in the Reference Form (Item 9.1.c of Annex 24 of ICVM 480). This matching
enabled the integration of DIRBI and B3 information.

The procedure can be illustrated as follows:

a) Listed company A holds stakes in CNPJ 1 and CNPJ 2;

b) CNPJ 1 reported tax benefits of BRL 1,000;

c¢) CNPIJ 2 reported tax benefits of BRL 500;

d) Therefore, the tax benefits attributed to Company A total BRL 1,500 (100% of CNPJ 1

and 50% of CNPJ 2).

Under this methodology, the precision of the estimated amount for each company depends
on five main factors:

a) the availability of information reported by consolidating entities (CNPJs of listed
companies);

b) the availability of information reported by consolidated entities (CNPJs of DIRBI filers);

¢) the quality of the reported information;
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d) the qualitative treatment used to identify consolidated entities belonging to each listed
company; and

e) the period considered (monthly data available from January 2024 to March 2025).

It is important to note that the time window analyzed (January 2024 to March 2025)
imposes limitations inherent to the measurement process. Building variables from distinct
administrative datasets entails measurement-error risks, such as incomplete matching across
identifiers, the use of estimated percentages for certain relief programs, missing CNPJs in DIRBI,
and discrepancies between consolidation by economic group and firm-level reporting.
Econometrically, these imperfections introduce statistical noise. Accordingly, any statistical result
should be interpreted with caution, recognizing that the true economic effect may be
underestimated given the quality and coverage of the information available over the analyzed
horizon.

3.5.1. Classification of federal tax benefits

Tax expenditures are not a homogeneous policy instrument: they serve different economic
objectives, ranging from incentives for physical-capital investment to technological innovation,
regional development, sectoral policies, and operational tax relief. The literature emphasizes that
indiscriminate aggregation can mask economic effects, producing biased or statistically null
estimates, especially in empirical analyses that ignore heterogeneity in transmission channels (Hall
& Van Reenen, 2000).

Following methodological recommendations in the tax-expenditure and fiscal-policy
evaluation literature, DIRBI-reported benefits were classified into two analytical categories
according to their predominant economic purpose (OECD, 2010). This approach aims to reduce
unobserved heterogeneity created by treating all benefits as a single aggregate and to identify
differentiated effects on corporate investment decisions, as suggested by both national and
international empirical literature on tax expenditures and economic growth (Corcelli, 2021). The
classification uses the official dictionary of tax-relief regimes published by the Brazilian Federal
Revenue Service in the national open-data portal, which lists special regimes, incentives, and tax
benefits in force and links them to their respective codes and legal descriptions.

Based on this institutional reference, tax benefits were reorganized into economic
categories according to each regime’s functional link to physical capital formation. Specifically,
we distinguish between: (i) incentives linked to capital goods investment (Category C1) and (ii)
incentives not linked to physical-capital investment (Category NC1). This reclassification aligns
the benefit typology with the economic logic of investment-decision models, reduces heterogeneity
arising from the aggregate treatment of tax expenditures, and enables the identification of
differentiated effects on firms’ investment behavior.

Category CI includes incentives whose institutional design is related to physical capital
investment projects, the acquisition of machinery and equipment, or the deployment of productive
infrastructure. From a theoretical standpoint, these are the instruments most aligned with the
neoclassical investment model, as they reduce the marginal cost of capital. This category includes
REIDI (code 25), REPORTO (code 26), RECAP (code 30), and investment grants (code 58).

Category NC1 includes all other federal tax benefits with no direct link to capital goods
investment. This group covers incentives aimed at technological innovation, regional development,
sectoral policies, specific territorial regimes, and operational relief. Economically, such incentives
tend to affect costs, profit margins, sectoral competitiveness, and location decisions, and do not
necessarily translate into an expansion of the physical capital stock.
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3.6.Control variables

Financial Constraint (RF) is a dummy equal to 1 when the firm meets two or more criteria
inspired by Cleary (1999): (i) an interest coverage ratio (ICR) below 1.5; (i) current liquidity below
1.0; and (iii) negative operating cash flow for two consecutive years. This variable captures
limitations in accessing external financing.

Firm size (SIZE) is measured as the natural logarithm of total assets and captures scale
effects on investment decisions and tax exposure. Larger firms typically have better access to
credit, more diversified revenue streams, and greater tax-planning capacity, so controlling for size
is important in econometric analysis.

Profitability (ROA) captures operating efficiency and earnings-generating capacity. It is
calculated as return on assets (ROA) = EBITDA / total assets. This variable isolates the effect of
economic performance on investment, as more profitable firms may invest more regardless of tax
incentives.

Leverage (LEV) is measured as total debt divided by total assets, capturing capital structure
and reliance on external financing. This variable controls for how leverage affects investment
sensitivity to cash flow, as widely documented in the corporate finance literature.

Firm age (AGE) is measured in years since incorporation or, when applicable, since the
initial public offering (IPO). This variable controls organizational maturity and firms’ record in
capital markets, both of which influence the cost of capital and access to external funding.

The economic sector (SET) is represented by a set of sector dummies equal to 1 if a firm
belongs to the respective sector and 0 otherwise. Including these dummy controls for structural
differences across sectors, such as capital intensity, sector-specific policies, and differentiated tax
regimes, which may affect benefit uptake and investment behavior.

Asset tangibility (TANG) is calculated following Berger et al. (1996), as:

Cash + 0,715 x Receivable + 0,547 x Inventories + 0,535 x Fixed Assets

TANG;; =
Ir Total Assets

This metric captures the share of physical assets that can be used as collateral in credit
operations. Firms with higher tangibility are expected to face fewer financing constraints due to
greater collateral capacity.

Finally, investment opportunities (Tobin’s Q, Q) are used as a proxy for the firm’s future
growth potential and are calculated as:

Total Assets + Market Cap — Equity
Total Assets

Qtob;;-

This variable reflects market valuation relative to book value and indicates whether the firm
has investment projects with positive net present value. It therefore controls growth expectations
in explaining investment and the response to tax incentives.

Including the variables summarized in Table 6 improves robustness and precision in
evaluating the effects of tax incentives on investment by controlling for internal and external factors
that shape capital allocation decisions.
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Table 6 - Explanatory and control variables

Variable Abbrev. Metric (measurement) Source (author) Data source
description
Financial RF Dummy Cleary (1999) Economatica
constraint
Firm size SIZE Natural logarithm of total assets. Almeida & Campello Economatica
(2007); correlated
empirical studies
Profitability ROA Return on assets (ROA) = EBITDA  Almeida & Campello Economatica
/ Total assets. (2007)
Leverage LEV Total debt / Total assets. Almeida & Campello Economatica
(2007)
Firm age AGE Years since incorporation or IPO. Almeida & Campello CVM
(2007)
Economic sector ~ SET Sector dummies (1 = firm in sector;  Standard sector control B3
0 = otherwise).
Asset tangibility = TANG  Cash+0,715 x Receivable+0,547 x Berger et al. (1996) Economatica
Inventories+0,535 x Fixed Assets)/
(Total Assets)
Investment Qtob Total Assets+Market Cap-Equity)/ Almeida & Campello Economatica /
opportunities (Total Assets) (2007); Lang et al. CVM /B3
(Tobin's Q) (1991)

3.7.Analytical techniques

The empirical analysis follows three complementary steps. First, descriptive statistics are
reported, including measures of central tendency, dispersion, and distribution, to characterize the
data and identify irregularities or relevant patterns.

Second, econometric estimation is conducted using multiple linear regression (OLS) and
panel-data models. Before interpreting coefficients, diagnostic tests assess model validity,
including heteroskedasticity, multicollinearity, serial correlation, and the normality of continuous-
variable distributions. Results indicate heteroskedasticity and autocorrelation across observations,
so HAC-robust standard errors are used to ensure consistency under violations of classical
assumptions. No missing values are observed due to prior exclusions of cases without key
explanatory/control records (PPE and revenue). Structural outliers are present, as is common in
listed-firm datasets and particularly relevant for large firms, warranting additional data treatment.

3.7.1. Model development and the use of the C1 vs. NC1 classification as a robustness check.

The C1 and NCI1 classifications were introduced as an analytical extension of the empirical
model, initially estimated using the aggregate tax-expenditure measure (IBFF). Initial results show
that aggregate IBFF has no statistically robust effect on the investment flow (AImob) and, at most,
provides sporadic evidence for the capital stock (Imob).

This pattern suggests that the lack of meaningful results may reflect the intrinsic
heterogeneity of tax expenditures: different tax regimes operate through different economic
mechanisms, and not all are related to physical capital formation. The C1/NCI1 reclassification was
therefore designed as an extension of the original model and as a robustness check of the empirical
specification.

Unlike the joint specification, models are estimated separately for each incentive category.
Specifically, we estimate separate regressions using, alternatively, the intensity of investment-
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linked benefits (IBFF_C1) and the intensity of non-investment-linked benefits (IBFF_NC1) as the
main explanatory variables.
Formally, the empirical model is specified as:

Aggregate model:

Yie = a; + A4 + B1IBFFy + B2 Xir + &1
C1 model:

Yi=a;+ 4+ ﬁllBFFﬁl + B2 Xir + €
NCI1 model:

YVie = a; + A + BIBFF + Bp Xy + &
This strategy allows assessing whether incentives linked to investment (C1) differ from other
benefits (NC1), serving both as a robustness check and as a complementary identification tool.

Empirically, even after disaggregating tax expenditures, investment effects remain limited.
NCI1 incentives show no statistically significant impact on investment, whereas C1 incentives
display sporadic, non-robust effects restricted to the capital stock. This pattern indicates that the
lack of meaningful results in the aggregate model does not arise solely from specification issues
but also reflects limitations in the structure of the tax incentives themselves, which are premised
on inducing investment.

Therefore, introducing the C1 vs. NCI1 classification represents a methodological advance,
directly derived from the aggregate IBFF results. Used as a robustness check and as a
complementary identification strategy, it allows a more precise assessment of the nature of tax-
expenditure effects on corporate investment, strengthening the robustness and consistency of the
study’s empirical findings.

4. Results

This chapter presents the study’s empirical results in four parts. First, descriptive statistics
and the sample characterization are reported. Second, the relationship between federal tax benefits
and fixed-capital investment is evaluated using panel econometric models. Third, the findings are
discussed considering specification and robustness tests. Finally, the evidence is synthesized to
assess hypothesis H1.

4.1.Descriptive statistics

Table 7 summarizes the scale of tax expenditure observed over the period analyzed (January
2024 to March 2025). Overall, DIRBI records BRL 412 billion in tax expenditures, associated with
985,772 filings by 94,615 taxpayers. Within this total, the sample of listed companies and their
investee accounts amounts to BRL 36.54 billion, linked to 3,722 filers and 144 listed companies
identified in the database. In relative terms, 8.59% of the declared tax-expenditure value is
associated with 3.93% of reporting taxpayers, suggesting a high concentration of benefits in listed-
company economic groups.

Table 7 - Tax expenditure on the sample

Companies Value (BRL bn) Filers
Total 412,66 94.615
Sample 36,54 3.722

Note: CNPJs of the companies listed in the sample and their investees.
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Table 8 reports the distribution of the Federal Tax Benefit Intensity index (IBFF) by
economic sector (winsorized at 1%), computed as the ratio of total federal tax expenditures to
firms’ net revenue. There is substantial sectoral heterogeneity in both mean levels and dispersion.
The Health Care sector shows the highest average IBFF in the sample (3.15%) and a high standard
deviation (7.38), indicating pronounced within-sector variability. Consumer non-cyclicals (2.20%)
and Information Technology (1.95%) also show higher means. By contrast, sectors such as
Communications (0.44%) and Ultilities (0.82%) have the lowest averages, suggesting a smaller
relative role for federal tax incentives in their revenue structure.

Measures of position and dispersion also point to highly skewed distributions across most
sectors. In some cases, the median is far below the mean, as in Health Care and Oil, Gas, and
Biofuels, indicating that firms concentrate on extremely high benefit intensities while most operate
with low IBFFs. This is reinforced by large maximum IBFF values above 20 across multiple
sectors, reaching about 27 in Industrials, Consumer Cyclicals, and Health Care. This pattern
suggests that incentives are concentrated in specific subsets of firms within each sector, which is
relevant for discussions of allocative efficiency and equity in tax-relief policies.

Table 8 - IBFF by sector

Sector n mean std min 25% 50% 75% max
Consumer non-cyclicals 90 2,20 2,84 0,00 0,21 0,90 3,38 14,29
Industrials 220 1,45 4,37 0,00 0,00 0,00 0,73 27,22
Utilities 135 0,82 2,84 0,00 0,00 0,00 0,36 25,94
Consumer Cyclicals 320 1,37 4,31 0,00 0,00 0,04 0,69 27,22
Basic Materials 115 1,68 4,09 0,00 0,00 0,07 0,89 20,89
Health Care 90 3,15 7,38 0,00 0,00 0,02 0,96 27,22
Information Technology 55 1,95 3,45 0,00 0,00 0,17 3,00 14,01
Oil, Gas, and Biofuels 55 1,78 4,54 0,00 0,00 0,01 1,01 21,26
Communications 25 0,44 0,86 0,00 0,00 0,00 1,10 3,65

Table 9 summarizes key measures of central tendency (mean and median) and dispersion
(standard deviation, minimum, and maximum) for the full sample (N = 1,105). This initial
diagnostic provides an overview of variable behavior and helps identify general patterns, ranges,
and potential outliers. For example, IBFF has a mean of 1.90 and a standard deviation of 7.68, with
a maximum of 153.93, indicating high dispersion and strong right skewness. Almob is also highly
variable (sd = 16.45), whereas structural indicators such as Imob (mean = 0.24) and TANG (mean
= 0.38) are more concentrated. Average Tobin’s Q is 1.33, suggesting that, overall, market
expectations are moderately above book asset values.

Table 9 - Descriptive statistics (full sample)

n mean std min 25% 50% 75% max
IBFF 1105 1,90 7,68 0,00 0 0,02 0,91 153,93
Imob 1105 0,24 0,19 0,00 0,07 0,22 0,37 0,80
Almob 1105 2,93 16,45 -77,01 -1,35 0,79 4,06 253,38
RF 1105 0,65 0,48 0,00 0,00 1,00 1,00 1,00
SIZE 1105 15,42 1,87 8,63 14,19 15,31 16,71 20,86

ROA 1105 0,03 0,04 -0,70 0,01 0,03 0,04 0,31
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n mean std min 25% 50% 75% max
LEV 1105 0,76 0,83 0,09 0,47 0,64 0,75 9,62
AGE 1105 48,16 34,65 4,60 20,40 44,10 66,10 270,20
TANG 1105 0,38 0,15 0,00 0,29 0,40 0,50 0,76
Qtob 1105 1,33 1,15 0,36 0,89 1,05 1,34 14,37

Because the study’s central objective is to assess the effect of federal tax expenditures on
investment in PPE, the descriptive analysis is stratified by federal tax expenditure type. Table 10
presents the treatment group (firms with IBFF > 0; N = 605), while Table 11 presents the control
group (firms with no incentives; N = 500). This segmentation is methodologically relevant because
it allows each subgroup to be characterized and enables a preliminary inspection of systematic
differences in control variables, a necessary step for assessing comparability before applying
inferential models.

Table 10 - Descriptive statistics (IBFF > 0)

n mean std min 25% 50% 75% max
IBFF 605 2,91 5,54 0,01 0,1183 0,73 2,87 27,22
Imob 605 0,27 0,18 0,00 0,13 0,24 0,37 0,72
Almob 605 2,89 9,49 -21,69 -0,78 1,25 4,31 66,90
RF 605 0,63 0,48 0,00 0,00 1,00 1,00 1,00
SIZE 605 15,84 1,78 11,66 14,71 15,78 17,21 19,46
ROA 605 0,03 0,02 -0,05 0,02 0,03 0,04 0,09
LEV 605 0,70 0,53 0,13 0,44 0,63 0,74 4,64
AGE 605 46,83 28,59 6,70 23,90 43,10 64,50 142,80
TANG 605 0,41 0,12 0,06 0,32 0,43 0,50 0,64
Qtob 605 1,27 0,72 0,60 0,90 1,06 1,32 6,13

Table 11 - Descriptive statistics (IBFF = 0)

n mean std min 25% 50% 75% max
Imob 500 0,21 0,20 0,00 0,03 0,18 0,37 0,72
Almob 500 1,85 11,55 -21,69 -2,30 0,25 3,58 66,90
RF 500 0,66 0,47 0,00 0,00 1,00 1,00 1,00
SIZE 500 14,92 1,69 11,07 14,04 14,98 16,29 18,66
ROA 500 0,03 0,02 -0,05 0,01 0,03 0,04 0,09
LEV 500 0,79 0,75 0,13 0,48 0,66 0,77 4,64
AGE 500 47,47 30,83 5,50 18,83 45,15 69,50 142,80
TANG 500 0,35 0,16 0,06 0,21 0,37 0,48 0,66
Qtob 500 1,32 0,95 0,60 0,87 1,05 1,37 6,13

Comparing the groups reveals consistent differences. Firms with incentives exhibit a higher
mean PPE intensity (Imob = 0.27) than firms without incentives (Imob = 0.21), as well as a higher
mean change in PPE (Almob = 2.89 vs. 1.85). The beneficiary group is also larger (SIZE = 15.84
vs. 14.92) and has higher asset tangibility (TANG = 0.41 vs. 0.35), suggesting a balance-sheet
structure more intensive in physical assets. By contrast, leverage is slightly lower among firms with
incentives (LEV = 0.70) than among firms without incentives (LEV = 0.79). Average firm age is
similar (about 47 years), indicating relative temporal homogeneity.
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Regarding profitability, the average ROA of firms receiving tax incentives (3%) is similar
to that of firms without incentives, which in turn report average profitability above that found in
prior studies, such as Fonseca et al. (2024), whose mean is also 1%. This difference may reflect
recent macroeconomic conditions-higher interest rates, exchange-rate movements, and greater
operational volatility driven by external shocks such as the Russia-Ukraine and Israel-Hamas
conflicts. The pattern suggests that any incentive effects on performance may not be captured by
aggregate means and requires econometric analysis that controls for heterogeneity.

In terms of structural characteristics, average asset tangibility (0.38) is consistent with
evidence reported by Oliveira and Kayo (2020) and Fonseca et al. (2024), who find levels around
0.31-0.34, suggesting structural similarity between the sample and typical industrial and
infrastructure firms. This supports the sample's representativeness with respect to asset
composition. Average Tobin’s Q (1.33) is close to Souza et al. (2020), at 1.26, although slightly
below the 1.41 reported by Fonseca et al. (2024). Together, these results indicate that the sample’s
asset structure and market expectations align with recent literature, while also showing slightly
more moderate growth expectations than samples with a stronger presence of technology-intensive
sectors.

4.2. Testing H1: Federal tax benefits and capital investment

The central hypothesis (H1) posits that federal tax benefits (IBFF) have a positive and
significant effect on fixed capital investment (PPE) for Brazilian listed companies. Accordingly,
larger volumes of federal tax incentives are expected to be associated with higher levels of
investment in capital goods.

This relationship is evaluated using three econometric specifications: pooled OLS, fixed
effects, and random effects, based on a panel of 1,105 firm-quarter observations from January 2024
to March 2025, of which 650 show IBFF > 0 (declared tax benefit) and 500 show no reported
benefit.

Given the firm-by-time panel structure, estimates use firm-clustered robust standard errors
to control for heteroskedasticity and within-firm serial correlation simultaneously. We also
estimate alternative specifications with two-way clustering by firm and quarter; statistical
inferences remain substantively unchanged, supporting the robustness of the results.

As a descriptive baseline, we first estimate a pooled OLS model. Coefficients are
statistically significant for standard controls such as firm size, profitability, and asset tangibility.
However, the key variable of interest (IBFF) has a small coefficient and is not statistically
significant. Pooled OLS also reveals important limitations, including strong serial correlation in
the residuals and an inability to capture structural heterogeneity across firms, which can lead to
omitted-variable bias. For these reasons, pooled OLS is retained only as an initial reference and is
not suitable for causal inference in a firm-by-time panel.

To examine dynamic effects, we estimate models with the contemporaneous IBFF. Results
show that IBFF has a positive sign in pooled models but is not statistically significant (p = 0.48).
After controlling for unobserved heterogeneity via fixed effects, the coefficient remains statistically
indistinguishable from zero (p = 0.65), suggesting no within-firm impact over time.

We then estimate lagged effects using a one-quarter lag (IBFF -1T). Consistently, the
lagged models also show no statistically significant impact of tax benefits on investment. For
investment changes (Almob), the coefficient is not significant in pooled OLS (p = 0.53) or random
effects (p = 0.80) and remains null in fixed effects (p = 0.5338). The same pattern holds for PPE
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levels (Imob), where the lagged coefficient is likewise insignificant (pooled OLS p =0.45; FE p =
0.67).

The Hausman test yields a significant chi-square statistic (p < 0.001), rejecting the random-
effects model's consistency and confirming the fixed-effects specification as appropriate. This
indicates firm-level unobserved heterogeneity that affects investment, thereby justifying the
inclusion of explicit firm fixed effects. Including time-fixed effects also captures macroeconomic
shocks and common period variation, ensuring that IBFF identification reflects primarily within-
firm changes rather than aggregate-period effects.

Table 12 summarizes the main results. In fixed-effects specifications, total IBFF is not
statistically significant: under contemporaneous timing, the coefficient is zero for Imob (p = 0.39)
and insignificant for Almob (p = 0.80); under the lagged model (-1T), insignificance persists for
Imob (p = 0.89) and for Almob (p = 0.18).

The Hausman test further rejects random-effects consistency (p < 0.001), reinforcing the
fixed-effects model as appropriate and emphasizing that the relevant interpretation of the IBFF
coefficient is within-firm variation over time (rather than cross-sectional differences between
firms).

Table 12 - Effect of IBFF on fixed-asset investment

Variable Timing ?;li)zgli ent Observations Wi tlzlin Coefficient 5 ;llue Significance
IBFF (Total) Contemporaneous Imob 1105 0,06 0,00 0,39 No

IBFF (Total) Contemporaneous Almob 1105 0,09 0,03 0,80 No

IBFF (Total) Lag (-1Q) Imob 884 0,08 0,00 0,89 No

IBFF (Total) Lag (-1Q) Almob 884 0,09 -0,17 0,18 No

IBFF_C1 Contemporaneous Imob 1105 0,06 0,00 0,45 No

IBFF Cl1 Contemporaneous Almob 1105 0,09 -0,32 0,17 Weak/unstable
IBFF _Cl1 Lag (-1Q) Imob 884 0,08 0,00 0,20 No

IBFF _Cl1 Lag (-1Q) Almob 884 0,09 -0,05 0,88 No

4.2.1. Discussion of results for the aggregate model

In the pooled IBFF models, the positive coefficient suggests that firms receiving larger tax
benefits tend to invest more in fixed capital. However, this association vanishes once structural
heterogeneity is controlled for in panel models. From an economic perspective, this indicates that
tax incentives are correlated with persistent firm characteristics—such as size, sector, and capital
intensity—rather than driving dynamic shifts in investment behavior over time.

This pattern suggests that federal tax expenditures operate as structural or sectoral
differentials rather than as effective instruments for stimulating marginal investment. The evidence
is consistent with the view that tax incentives disproportionately benefit capital-intensive firms,
without generating substantial additional investment.

4.2.2. Model extension: analysis by C1 and NC1 categories.

Given the lack of statistical significance in the pooled model, the incentives were
disaggregated into two analytical categories:

a) C1 - incentives linked to capital goods investment; and
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b) NCI1 - incentives not linked to physical capital formation. This strategy serves as a

robustness check and as a refinement of empirical identification.

Results indicate that NC1 incentives have no statistically significant effect on investment,
either on flows (Almob) or on the capital stock (Imob), across all estimated specifications. This is
consistent with the theoretical expectation that incentives not linked to the marginal cost of capital
primarily affect operating costs, profit margins, or location decisions, without directly impacting
physical capital formation.

By contrast, C1 incentives show only sporadic evidence of a positive association with the
capital stock (Imob) in contemporaneous specifications. However, the effect does not hold in
lagged models or alternative specifications, indicating statistical fragility and lack of robustness.
Moreover, there is no significant effect of C1 incentives on investment flows (AImob), suggesting
that even benefits explicitly tied to CAPEX do not systematically change marginal investment
decisions.

4.3. Discussion of Results

The econometric results were subjected to a battery of specification and robustness tests to
assess model adequacy and the consistency of empirical inferences. First, the Breusch-Pagan test
for heteroskedasticity rejects the null of constant residual variance, indicating heterogeneity across
firms and showing that residual variance differs systematically across cross-sectional units. This
implies that pooled OLS is not appropriate for capturing the data structure, justifying panel models
with individual effects.

Next, the Hausman test systematically rejects the random-effects model's consistency,
indicating that random-effects estimators are correlated with the regressors. This confirms that
fixed effects are the consistent specification for the panel, reinforcing the need to control
unobserved firm heterogeneity explicitly.

In the total IBFF model, the coefficient on federal tax benefits is positive in pooled OLS
but becomes statistically insignificant after introducing firm- and time-fixed effects. This suggests
that the correlation observed in pooled models reflects structural differences across firms rather
than within-firm causal effects over time.

In addition, the within R-squared (R? within) of around 0.05-0.09 is consistent with the
microeconomic investment literature. In firm panels, short-run investment variability is notoriously
difficult to explain and is often driven by unobserved factors, financial frictions, adjustment costs,
and idiosyncratic shocks. Thus, a modest within R-squared does not invalidate the model; instead,
it is an expected empirical pattern when the outcome is the investment decision.

In models estimated with IBFF C1, coefficients on CAPEX-linked incentives are positive
in specifications, particularly when the dependent variable is the relative capital stock (Imob).
However, these effects are not statistically robust after controlling for unobserved heterogeneity
via fixed effects, nor do they consistently appear in investment flows (AImob). For example, in the
fixed-effects model with Imob as the dependent variable, the lagged IBFF C1 coefficient is small
and not statistically significant (p > 0.10), suggesting that CAPEX-linked incentives do not
systematically affect firms’ capital formation.

Similarly, in models estimated with IBFF NCI1, coefficients on non-CAPEX-linked
incentives remain statistically indistinguishable from zero across all specifications, for both the
capital stock and investment flows. In the fixed-effects model with Imob as the dependent variable,
IBFF_NCI1 has a negative sign with negligible magnitude and no statistical significance (p > 0.20),
reinforcing the absence of a causal effect of these incentives on corporate investment.
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The behavior of the within R-squared in the C1 and NCI1 models reinforces this
interpretation. In fixed-effects models with Imob as the dependent variable, R? within is around
0.08-0.09 for C1 and between 0.06 and 0.08 for NC1. In contrast, in models with AImob as the
dependent variable, R? within remains moderate (ranging from 0.17 to 0.32). These results indicate
that, even after disaggregating tax incentives, the model’s within-firm explanatory power remains
limited, which is consistent with the empirical corporate-investment literature.

From an econometric perspective, disaggregating IBFF into C1 and NCI1 is therefore a
critical robustness check. If the lack of significance in the total model were driven only by incentive
heterogeneity, C1 incentives would be expected to show statistically significant effects on
investment. The evidence, however, indicates that even CAPEX-linked incentives do not exhibit
robust effects, reinforcing the interpretation that federal tax expenditures in Brazil have low
additionality in productive investment.

In sum, the combination of specification tests (Breusch-Pagan and Hausman), the analysis
of within R-squared, and the disaggregation of IBFF into C1 and NC1 provides consistent evidence

that:

a) The fixed-effects model is the appropriate specification for the panel under analysis.

b) The relationship between tax incentives and investment observed in the total model
is structural rather than causal.

c) Disaggregating tax incentives does not materially change this diagnosis, as even
CAPEX-linked incentives do not show robust effects on investment.

d) Corporate investment dynamics are explained by structural and idiosyncratic firm

factors, rather than by tax-relief policies.
4.4.Conclusion regarding hypothesis H1

Given the results, there is insufficient statistical evidence to reject the null hypothesis
($H_0%). We therefore conclude that federal tax benefits do not have a significant effect on the
fixed-capital investment of Brazilian listed companies over the analyzed period. The positive
coefficient in the pooled model suggests that beneficiary firms tend to have higher average PPE
levels. However, this effect disappears once firm- and time-fixed effects are controlled for.

These findings align with evidence of low investment elasticity to tax policy, especially
when firms face financing constraints, high adjustment costs, or institutional frictions (Blouin et
al., 2021; Zwick & Mahon, 2017). The literature also notes that tax regulatory rigidity can reduce
investment in Brazil, as evidenced by lower gross fixed capital formation (Ferretti & Funchal,
2021).

Moreover, the concentration of tax incentives in capital-intensive sectors such as energy
and infrastructure helps explain the absence of marginal investment effects, as these sectors exhibit
lower temporal variability in capital stock and investment decisions, which are strongly shaped by
structural and regulatory factors.

The disaggregated analysis by C1 and NC1 reinforces this interpretation, showing that even
CAPEX-linked incentives do not produce robust effects on investment in capital goods. This
suggests that federal tax expenditures operate primarily as mechanisms of sectoral allocation and
income redistribution, rather than as effective tools for inducing productive investment, supporting
the hypothesis of low additionality of tax incentives in the Brazilian context.

5. Conclusion
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This study empirically investigated the effect of federal tax expenditures on capital goods
investment by Brazilian listed companies, using DIRBI information and investment measures
based on both stock (PPE levels) and flow (CAPEX-related measures). The central objective was
to evaluate whether larger federal tax incentives are associated with higher fixed-capital investment
over the analyzed period.

Results provide no robust statistical evidence that federal tax benefits (IBFF) affect
investment in PPE, regardless of the investment metric used. Robustness checks that disaggregate
IBFF into CAPEX-linked (C1) and non-linked (NC1) incentives do not materially change this
diagnosis: C1 effects are sporadic and unstable, whereas NC1 effects are consistently null.

Economically, these findings suggest low additionality of federal tax expenditures in the
analyzed setting: part of the benefit may be absorbed as higher margins and liquidity without
translating into capital formation, or it may substitute for/accelerate investments that would occur
even without the incentive. Alternatively, effects may operate with longer lags than the observed
window or through channels not fully reflected in PPE in the short run. This is compounded by the
institutional heterogeneity of incentives, which are often designed for distinct sectoral, regional, or
operational objectives, diluting average effects even after attempting to separate C1 and NCI.

As a contribution, the study leverages a recent, standardized database (DIRBI) to provide
firm-level empirical evidence on a topic that has been difficult to measure with homogeneous
metrics in Brazil. The results also have public-policy implications: if the goal is to stimulate
productive investment, the findings underscore the need to improve incentive design, targeting,
and monitoring mechanisms, with criteria and counterparty obligations more directly tied to capital
formation, as well as periodic, purposeful evaluation routines.

Key limitations include the short DIRBI time window, the possibility that effects occur
outside the observed horizon, and potential sector- and incentive-type heterogeneity that may
require additional granularity. In addition, this study delimits its scope to productive investment
(CAPEX) and does not exhaust other uses of the excess cash generated by tax expenditures.

Future research could:

a) Extend the time window as DIRBI matures.

b) test lagged effects and dynamic specifications.

c) deepen analyses by incentive design and sector.

d) examine outcomes beyond investment, such as productivity, employment,
innovation, and allocative efficiency; and

e) assess the impact of tax expenditures on payout policy, testing whether tax relief is

passed through to dividends or share repurchases at the expense of investment additionality.

This scope delimitation enabled a deeper, more focused analysis of the causal channel
between incentives and capital formation, leaving the investigation of alternative cash-flow uses
outside capital goods investment for follow-on studies.
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