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Abstract

I use microdata on relatively large manufacturing firms to identify the effect of taxation

on market selection. I explore the channel through which heterogeneous tax rates affect

the link between firm productivity and its probability of exit. If subject to a reduced

effective tax rate (ETR), a firm may survive even with lower productivity compared with

an exiting firm with higher ETR. I exploit ETR variation across firms and its reduction

throughout the sample period to identify improvements in market selection. The literature

identifies taxes as a source of misallocation by allowing low-performing firms to survive

(Bartelsman et al., 2013). In Colombia, tax rates show high dispersion, and misallocation

of resources causes around 25% of activity losses (Carranza et al., 2018). So far, the

literature has explored empirically the channel for trade policy (see, Eslava et al., 2012). I

explore a corporate tax policy approach to this channel. The main finding of the paper is

that the ETR disparity reduction throughout the last decades increased market selection.
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1 Introduction

The literature has acknowledged that idiosyncratic distortions to profitability (interference

with the firm’s decisions) cause misallocation (see, e.g. Hsieh & Klenow, 2009; Bartelsman

et al., 2013). This misallocation channel might account for some of the cross-country differences

in output and total factor productivity (TFP) (Restuccia & Rogerson, 2008). Notably, these

differences of productivity are related to explicit government policies like state ownership of

plants, licensing, and size restrictions (Hsieh & Klenow, 2009). Regarding tax policy, corporate

taxes could work as a distortion to profitability. Hence, I exploit tax rate heterogeneity across

plants in Colombia as a source of distortion associated with misallocation.

Carranza et al. (2018) find that effective tax rates (ETR) as a percentage of commercial

profits show high variation across firms of the manufacturing sector in Colombia. Firms within

narrowly defined sectors pay different ETRs. This difference acts as a leverage for firms with

lower ETR, as they pay relatively less than their competitors, and potentially increases their

survival probability vis-à-vis their peers. If inefficient firms are allowed to survive because of

low ETRs, these firms will use resources that could have been reallocated to efficient firms.

Hence, this scenario implies a potential reduction in aggregate productivity.

Following Melitz (2003) and Hopenhayn (1992), market selection is a mechanism that works

with a rule of a productivity cutoff: a firm exits if its productivity is below the cutoff. However,

idiosyncratic distortions, such as taxes, have a potential negative correlation with productivity

(Restuccia & Rogerson, 2008). The canonical prediction of selection models is that firms’

probability of exit should be decreasing in productivity, but productivity is not a perfect

predictor of a firm exit given other non-market determinants of exit like subsidies (e.g. Eslava

et al., 2012). For instance, a firm could have a low enough productivity to exit the market.

However, if the firm is granted a large enough subsidy to cover the lack of productivity and

keep the business running, market selection will depend less on productivity in the presence

of distortions.

In this study, tax breaks are reflected in tax rates paid below the statutory rate, so tax breaks

act as subsidies. As this distortion varies, one can expect damping in the effect that describes

the relationship between productivity and firm exit. So far, the channel of policy distortions on
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selection has been explored for Colombia by Eslava et al. (2012). The authors analyze market

selection before and after the trade reform of the 1990s, exploiting variation in import tariff

rates over time and across sectors. They find convergence on the level and variation of effective

tariffs after the trade reform and an improved selection of firms afterward. Furthermore,

Carranza et al. (2018) assess the correlation between ETRs and firm exit. They try both

a static and dynamic approach and find a positive correlation between exit probability and

firms paying high ETR. This paper contributes to the literature by exploring the relationship

of market selection and the corporate tax distribution through the indirect effect of ETRs

implied in the productivity-exit link.

The main finding in this paper is that ETR disparity reduction throughout the last decades

increased market selection for relatively large firms. This validates the channel of market

selection discussed above.

2 The Model

In order to identify the effect of corporate taxes on the productivity-exit link, I introduce a

structure for firm behavior. Particularly, I follow the firm structure developed by De Loecker

et al. (2020), because it is based on their use of financial data of firms which matches the

characterization of the data I use. A firm i produces Qit units, at time t, under the production

technology Q(·):

Qit = ΩitQ(Vit,Kit), (1)

where Ωit is the Hicks-neutral productivity term, namely the TFP, Vit = (V 1
it , ..., V

J
it ) is a

vector of J variable inputs and Kit is the capital stock. Also, firms pay taxes as a proportion

of their profits. Therefore, firms face the following maximization problem:

π(Ωit, τit) = sup
V,K≥0

(1− τit)
[
PitQit −Pit ·Vit − ritKit

]
− Cit, (2)

where, Q, V and K are given by Equation 1, τ is ETR, C is the (positive) fixed cost, P is

the price of output, and (P, r) is the input price tuple. Notice that the capital is by nature a

state variable. Firms with greater capital should reduce firms’ exit probability as it does not
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depreciate each period. I set π(Ω, τ,K) = π(Ω, τ), because the firms analyzed in this study

are mainly large. However, capital stock is included in the exit model as a control variable.

Every period, firms decide an optimal pair (V∗,K∗) and whether to continue operating in

the next period. Following Hopenhayn (1992), a firm is liquidated if its discounted earnings

cannot cover the fixed costs. Thus, the value function (W ) of every firm equals the current

profit plus the expected value of future cash flow, discounted by factor β ∈ (0, 1), conditioned

on the decision to keep running:

W (Ωit, τit) = π(Ωit, τit) + βEt[W (Ωit+1, τit+1)]
+. (3)

The value of each firm is driven by its draw of productivity and taxes. Let Ait(τ) be the

nonempty1 set of productivity values of firm i for which it decides to exit at t. Under the exit

decision introduced in Equation 3, a firm exits if its value equals the current profits:

Ait(τ) = {x ∈ R+ : Wt(x, τit) = π(x, τit)}. (4)

As π is monotonically increasing in productivity, let Ωit be the minimum upper bound of

Ait(0)2. This is the minimum productivity level that allows a firm to keep running, namely the

aforementioned cutoff (see e.g. Hopenhayn, 1992; Melitz, 2003). From Equation 2, profits can

be rewritten in terms of the distorted productivity as π(Ω, τ) = π((1− τ)Ω), so if the current

distorted productivity lay below the cutoff, Ωit, then firm i decides to exit the market (Ωit ∈

Ait). Therefore, the exit indicator is given by the indicator function χit = 1[(1−τit)Ωit < Ωit],

similar to Olley & Pakes (1996).

This exit rule specification makes the exit probability of a firm, E[χit], increasing in τit.

This identifies the selection mechanism under distortions: granting firms lower values of ETR

eases the productivity requirements to exit. In the presence of a structural rise of τ , firms

closer to the cutoff (low-performing firms) could face a more demanding exit rule in terms of

productivity.
1This comes straightforward by assuming positive fixed costs and the existence of τ = 0.
2More detail given in Appendix

4



3 Data

The model in Section 2 requires the estimation of the ETRs (τit), the TFPs (Ωit) and the

observed exit indicator (χ̂it). For the first two, I use the Information and Business Reporting

System (SIREM) data-set made available through the Superintendency of Corporations. The

SIREM data records corporate financial statements of firms from 1995 to 2014. More recent

information is not used as there have been structural changes in the data. Since 2015, the

SIREM has changed to the Business Information Portal (PIE), so reports are split in different

databases which are difficult to read and pull together.

As the theory described before focuses on the manufacturing firms’ behavior, I use only the

firms belonging to the manufacturing sector defined by the International Standard Industrial

Classification (ISIC) Revision 3. The ISIC code section defines the main economic activities.

For this paper, a firm belongs to the manufacturing sector if the highest frequency ISIC code

section over the years is the section of the manufacturing sector (section D). This procedure

allows me to keep track of firms instead of assuming firms as unobserved when changes in

sector occur.

The SIREM has information for relatively large firms and firms in financial trouble. Mainly,

the SIREM data-set is restricted to firms with either: 1) income and/or assets greater than

thirty thousand (30,000) times the current legal monthly minimum wage; 2) external liabilities

greater than total assets; 3) financial expenditures of at least 50% of the income; 4) negative

cash flow; or 5) net equity reduced below 70% of the social capital by losses. Casas & González

(2016) proved that the information from the database is comparable with national accounts

data and the Annual Manufacturing Survey of DANE. The data represents mainly the large

and medium-size firms in Colombia because of the nature of the data (supervision purposes).

Following the framework in Section 2, I need the following information on the firms’ production

volume (Q), variable costs (V), and capital (K) for the productivity estimation. However,

only their nominal counterparts are available in the SIREM database. Hence, I use revenue

(PQ), costs of goods sold (COGS, P ·V), and the book values of equipment and structures.

Also, I need information on tax payments and earnings before taxes (EBT) to estimate ETRs.
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The raw SIREM data-set has 69,215 observations and 8,028 firms. I removed missing values

from the above-mentioned variables and observations with negative values, except for earnings

before taxes (EBT) because of its nature. As a result, I am left with 68,908 observations and

7,998.

Table 1 shows the variables used to build the main explanatory variables for the model

estimation (TFP and ETR). The fact that means surpasses (almost doubles) the third

quartile for all variables highlights the skewness of the firms’ size distribution (see, e.g.,

Klette & Kortum, 2004).

Table 1: Descriptive statistics

Variable N Mean St. Dev. Min Pctl(25) Median Pctl(75) Max

Revenue 68,908 33.33 133.32 0.00 1.81 5.68 18.52 8,019.43

Capital 68,908 8.73 102.04 0.00 0.26 0.98 3.54 17,611.37

COGS 68,908 24.17 106.53 0.00 1.18 3.90 13.17 8,200.12

EBT 68,908 1.91 20.00 −650.23 0.004 0.16 0.79 1,974.14

Tax expenses 68,908 0.69 4.58 0.00 0.01 0.07 0.28 447.76

Notes: All values are deflated by the producer price index retrieved from the Administrative Department of National

Statistics (DANE). Amounts are in billions (nine zeros) of Colombian pesos at 2014 constant prices.

3.1 Productivity estimation

I estimate the TFP under Cobb Douglas technology, so that it corresponds to the ratio of

revenue to the weighted geometric mean of inputs:

Ωit =
PitQit

(Pit ·Vit)αK
β
it

, (5)

where α, β are output elasticities. Notice that this estimation uses COGS (P ·V) as an

input. COGS works as a bundle of variable costs that are not individually differentiated. This

approach follows the framework and calculation of productivity of De Loecker et al. (2020)

who also use financial information.

The literature usually calculates productivity as a residual from a parametric production
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function estimation, taking into account the potential endogeneity caused by the adjustment

on variable inputs in response to productivity shocks. This approach requires dealing with

identification issues: unobserved productivity and the units of the variables. For the first

issue, a strand of the literature, building on Levinsohn & Petrin (2003), resolves it by using

inputs as instrumental variables like materials and energy consumption (intermediate inputs)

or by using control functions to isolate endogenous variation. The issue of the variables’ units

is overcome by the availability of information in physical units of production and input use.

Foster et al. (2008) explain the confounding interpretations resulting from the use of nominal

values for the production function estimation: idiosyncratic demand and factor prices are

mixed with the firm’s efficiency. Therefore, the endogeneity of unobserved prices would yield

biased estimations of output elasticities.

Due to the lack of information in physical units, I apply the cost-share method mainly used and

explained by De Loecker et al. (2020); Foster et al. (2008) and Syverson (2004) to estimate

the parameters of the production function as a practical way to bypass these pitfalls. The

approach is a non-parametric estimation of the output elasticities. This evades the challenging

estimation of the production function and the consequent identification issues.

The cost shares are defined as the share of expenditures on each input in the total cost.

Thus, the cost share of COGS, αit, are estimated as the ratio of COGS to total costs. I use

the average of cost shares (α) throughout the sample period to eliminate the cross-sectional

deviations due to adjustment costs (De Loecker et al., 2020). This approach requires the

estimation of the user cost of capital to calculate the total cost. Following De Loecker et al.

(2020), I estimate it as rt = (it − πt) + δ, where it, πt, δ are the nominal interest rate, the

inflation rate and a depreciation rate, respectively. For Colombia, the depreciation rate is

set at 10% for machinery and equipment. I use this value for δ. However, other assets like

communication and data network have higher depreciation rates (up to 20%). Cost shares are

built as follows:

αit =
Pit ·Vit

Pit ·Vit + rtKit
, N =

∑
i∈I
|Ti|, α =

1

N

∑
i∈I

∑
t∈Ti

αit, β = 1− α (6)

where I is the firm set and {Ti}i∈I is the collection of firm-specific time sets.

Table 2 shows that the cost share of COGS represents 93% of the total use of inputs. This
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is similar to 85% of De Loecker et al. (2020). The variable input cost shares are slightly

concentrated but this makes sense since it represents a bundle of all the variable inputs.

Table 2: Cost share of variable input

N Mean (α) St. Dev. Min Pctl(25) Median Pctl(75) Max

αit 58,469 0.931 0.144 0.000 0.935 0.970 0.987 1.000

Notes: The number of observations differs from the figures shown in Table 1 because estimations are undefined.

As mentioned earlier, I rely on nominal units of the production function components. So,

I estimate the typically revenue-based productivity measure. I deflate the information of

SIREM using the producer price index for the manufacturing sector obtained from the National

Administrative Department of Statistics (DANE) to exclude the general increases in prices.

However, the values are still mixed with intraindustry variation of prices. Taking this into

account, the TFP measured in Equation 5 is mixed with input and output prices.

A complete pass-through of prices happens when variation in input prices are absorbed by

the variation in output prices. The TFP defined in Equation 5 measures firms’ efficiency but

is mixed with the wedge between output and input prices (scaled by the output elasticities).

The wedge of prices should capture product differentiation and demand shocks. This wedge

is expected to be negatively correlated with the firm exit in a similar way to the distortion

channel explained: two firms with the same efficiency should differ in their exit probabilities

by the extent of their profitability. Due to the lack of price information and physical units, I

am left to assume a complete pass-through of prices.

As shown in the last expression of Equation 6, cost shares rely on production having constant

returns of scale because their sum is constrained to be one (α + β = 1). However, this

assumption implies zero earnings, so the channel would be overridden. Therefore, I test the

scale of production using a fixed-effects panel regression. Similar to Syverson (2004), I estimate

the following equation to retrieve the scale of production, γ:

qit = γ [αvit + (1− α)kit] + ξi + δt + εit, (7)

where small cases represent the logged variables, ξi, and δt account for the fixed individual
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and time effects. The coefficient (γ) is estimated at 0.91 and is statistically different from one.

In order to scale TFP, I follow the same definition of 5 and use the scaled output elasticities,

α̃ = γα and β̃ = γβ, instead.

Regarding the identification issues discussed in the productivity estimation, the scale

parameter is estimated without accounting for endogeneity. This is because the cost-share

approach implicitly assumes all inputs adjust within the period (De Loecker et al., 2020).

3.2 Effective tax rates

The ETR measures the proportion of the earnings that a firm pays in taxes. I build the ETR

(τ) using tax expenses divided by the taxable income, as follows:

τit =
Tit
π∗it

(8)

where Tit is the income tax and complementary expenses account and π∗it is the EBT account

which represents the revenue minus COGS and SG&A (selling, general and administrative

expenses). Notice that the tax payment T tallies a fraction of the taxable income. The

taxable income excludes the wealth tax introduced in the Tax Statute in 2003, 2007, and

2010. Thus, the wealth tax is not reported in the income statement.

This measure of the ETR has a main restriction discussed in the literature. When firms

report negative EBT, they cause net operating loss. This implies negative values of ETR,

which would introduce confounding effects and the results would be difficult to interpret (see,

e.g., Dyreng et al., 2008; Richardson & Lanis, 2007; Kim & Limpaphayom, 1998; Wilkie &

Limberg, 1993).

Negative ETRs change the meaning of the tax burden. For instance, take the tax payments

(T ) for two firms i and j, such that Ti > Tj . Let their EBT be negative: π∗ < 0. Thus, the

ETR, defined as τ = T/π∗, should preserve the order: firm i has a bigger burden than firm j.

However, by the ETR definition, τj > τi is observed. Including negative values of ETR would

induce attenuation bias due to the part of the sample with a net operating loss.

Following Richardson & Lanis (2007), I drop the negative ETRs. However, the procedure

could induce selection bias because only observations of positive earnings would be included in
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the sample. Observations of negative earnings represent almost one-fifth of the data. However,

firms with losses are expected to be more likely to exit than firms with gains. This is tested

in Table 3. It shows a positive correlation between exit (defined in Section 3.3) and a loss

indicator that equals one if a firm presents net operating loss. As I am removing part of the

sample prone to exit by excluding observations with losses, I am removing the firms with the

highest tax burden. Hence, the effect of ETRs on exit should represent a lower bound of the

real effect.

Table 3: Earnings and exit correlations

Loss indicator Exit

Loss indicator 1.000

Exit 0.138 1.000

N 68,908 68,908

Notes: The loss indicator is a dummy variable set at 1 if EBT is nonpositive, and 0 otherwise.

Exit is defined as in section 3.3.

Later, in Section 5, I correct for ETR selection bias using a Heckman selection model. Hence,

the ETRs are used as the estimated values resulting from that model instead of the original

ETRs.

3.3 Firm Exit

The canonical approach to define firm exit for discrete data is to set the exit indicator to one

at t if a firm stops existing at year t+1. A proxy for firm exit is its last appearance in the data

(see, e.g., Bartelsman et al., 2005; Bellone et al., 2008). For the SIREM data, this definition

may result in a poor predictor of exit as a consequence of the inclusion criteria described

before. The exit indicator may also capture the fact that a firm ceased to be traceable for

supervision by reducing its size so that its assets are below 30,000 times the minimum wage

or by not fulfilling the aforementioned fragility qualities.

The statistical reports of insolvency procedures 3 of the Superintendency of Corporations
3I merged the information from the reports of compulsory liquidations labeled by “Liquidación Obligatoria”
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register firms that engaged in a liquidation procedure until 2017. This procedure is defined

(by Law 1116 of 2006) as the disposition of the debtor’s goods through sale or a private auction,

and then proceeding with its distribution among the creditors to end the firm’s commercial

activity.

I use the year when the settlement agreement is reached. A settlement agreement is an

arrangement made over the liquidation of a firm to pay its debts and the consequent end of

the firm’s activity (market exit). I rely on this information to serve as a signal of exit that

purges the definition of exit that uses the last year a firm reports.

The exit indicator, χ̂it, is set to one if firm i stops reporting in SIREM database at t−1 and a

settlement agreement is reached at s, with s > t. With this definition, the exit rate measured

as total events by total observations is approximately 1%. The low exit rate is related to

dealing with large firms (see, Eslava et al., 2010) and the stringency of the qualification of

exit.

4 Empirical Strategy

Figure 1 presents the evolution of the averages of productivity and tax burden measures over

time. Average TFP has increased its value by 10 log points4.The standard deviation of the

ETRs has decreased from 55% in 1995 to 25% in 2014, breaking the 35% barrier the years

following 2006. This translates into a gap closure between the first quartile and the mean.

The bump between 1995 and 1997 of the ETR statistics is explained by a policy labeled as

"special contributions and compulsory investment" in the tax reform of 1992 (Law 6 of 1992).

This policy forced firms to pay an extra 25% over the net tax payments between 1993 and 1997,

which explains the high dispersion and levels of ETR in these years. The other bump, between

2003 and 2006, is explained by the tax reform of 2002. This reform introduced simultaneously

a general surcharge of 10% and some tax breaks like benefits from profit reinvestment which

granted the chance to reduce the tax payment up to 30 percentage points (Law 863 of 2003).

(liquidation processes before 2007 defined by Law 222 of 1995) and “Liquidación Judicial” (liquidation processes

after 2007 defined by Law 1116 of 2006) both accumulated until May 2017. Data available in this link.
4TFP measured in levels as shown in Equation 5
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Figure 1: Effective tax rates and TFP

The tax reform of 2006 reversed the 10% surcharge introduced in 2003. Also, after this tax

reform, the ETR dispersion dropped.

Excluding the surcharges triggered by the tax reforms from 1992 and 2002, the average ETR

sticks around the 40% level. Moreover, the disparity in ETRs decreased throughout the sample

period. The first quartile of the ETRs increased from 25% to 33%. This shows how low-tax

payers have converged to a level closer to the average ETR. I exploit this dispersion reduction

to identify the effect of taxation over the productivity-exit link.

Table 4 shows that the average ETR is approximately 10 percentage points above the statutory

tax rate, different from the median ETR that is closer to the 33-35% statutory tax rate mark.

Two-thirds of the observations are above this mark. The ETRs are allowed to climb above the

statutory tax rate, even beyond one, due to the presumptive corporate tax. The government

agency responsible for tax collection (DIAN) charges the maximum between a firm’s earnings
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and its presumptive return defined as a fixed percentage of the firm’s equity (around 3.5%).

Hence, firms with low performance end up with higher tax rates due to high tax payments

relative to their earnings.

As explained in Section 3.3, a liquidation process is opened if any creditor expects credit default

from the firm. Therefore, I control for the characterization of the capital structure of firms by

the inclusion of the leverage ratio. This variable is defined as the ratio of a firm’s liabilities to

its assets and describes the financing composition of firms. Its inclusion is expected to isolate

the portion of exit probability caused by a deteriorated credit standing. I also control for the

firms’ capital as mentioned in Section 2. The variable is calculated as the log of capital in

Table 1. Also, I control for the GDP growth to capture aggregate effects on exit as Eslava

et al. (2012) and the Herfindahl-Hirschman Index (HHI) to capture sector effects (at 2-digits

ISIC sectors) . Table 4 shows descriptive statistics of the variables of interest (TFP and ETR)

and the control variables mentioned above.

Table 4: Descriptive statistics of determinants of exit

Variable N Mean St. Dev. Min Pctl(25) Median Pctl(75) Max

TFP 45,752 1.983 0.531 0.000 1.651 1.875 2.177 4.888

ETR 45,776 0.434 0.343 0.000 0.310 0.364 0.460 3.936

Leverage ratio 45,776 0.359 0.192 0.000 0.204 0.341 0.497 1.279

Capital 45,383 20.832 2.002 7.740 19.583 20.818 22.074 28.083

HHI 45,776 0.004 0.009 0.001 0.001 0.001 0.004 0.347

GDP growth 45,776 0.041 0.023 −0.042 0.033 0.043 0.053 0.074

Exit 45,776 0.008 0.026 0 0 0 0 1

Notes: The number of observations differs from the figures shown in Table 1 due to estimations are either undefined (both

variables are defined as ratios) or excluded by winsorization at the 99 percentile as outliers lead to spurious estimations

or non-convergence of likelihood functions.

As the data is displayed as an unbalanced panel and the dependent variable is discrete, I use

nonlinear panel models to assess the impact of taxation on the link of productivity and the

probability of exit. Specifically, I use a probit commonly used in the literature for exit models
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(see, e.g. Foster et al., 2008; Haltiwanger et al., 2018). The Equation to estimate is:

E[χ̂it] = Pr(ηit−1 ≤ Cit),

ηit−1 = θ1Ωit−1 + θ2τit−1 + θ3τit−1Ωit−1 +X ′it−1Θ
(9)

where χ̂ is the observed firm exit indicator, C is the unobserved fixed cost of operating, τ is

the firm’s ETR, Ω is the firm’s TFP, and X is a vector of controls.

A marginal change in TFP represents a change of (θ1 + θ3τit−1)φ(ηit−1)
5 on the probability

of exit. Thus, a rise in the ETR implies an increase of the marginal effect of TFP on the exit

probability through a direct cut in profitability (inner derivative) and a greater likelihood of

falling in the range of productivity levels that causes firm exits. This represents the distortion

on the rule of selection: if subject to a reduced ETR, a firm may survive even with lower

productivity than an exiting firm with higher ETR.

As Table 4 shows, the TFP distribution is skewed: the mean lies between the median and

the third quartile. Only one-third of the firms have profitability greater than the average,

so evaluating marginal effects at the TFP mean translates into a marginal effect for high-

performing firms. As marginal effects on exit are nonlinear, I also estimate the effect at

low levels of profitability to give a wider view of the exit probability distribution and the

augmented selection for low-performing firms. For simplicity, I use the first quartile of the

TFP distribution for low profitability, as stated in Table 4. Furthermore, the ETR hike

from 25% to the ongoing 33% (see Figure 1) sets the levels at which I test if the reform

improved firm selection. Table 5 presents the marginal effects of TFP on exit probability

and the estimated probability of exit, both evaluated in the relevant tuples of TFP and ETR

previously mentioned.

Table 5 shows that an increase in productivity significantly reduces the probability of exit,

as expected. Most notably, the local effect of marginally increasing the productivity for low-

performing firms is greater than the marginal effect of the high-performing firms. This shows

that low-tax payers are more responsive to changes in TFP when their productivity level is

relatively low. Moreover, the increase in the ETR seems to offset the TFP effect by raising the

probability of exit through lower profitability. This can be seen by the statistically positive
5φ is the standard normal p.d.f..
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Table 5: Marginal Effect of TFP on the probability of exit

Ω at mean Ω at Pctl(25)

τ = 25% τ = 33% Difference τ = 25% τ = 33% Difference
(1) (2) (3) (4) (5) (6)

-0.00297 ∗∗∗ -0.00313 ∗∗∗ 0.00016 ∗∗∗ -0.00377 ∗∗∗ -0.00395 ∗∗∗ 0.00018 ∗∗

(0.00063) (0.00065) (0.00005) (0.00099) (0.00101) (0.00008)

Observations: 45,170; Number of firms: 6,250
Goodness of fit Wald χ2 = 165.27; Pseudo-R2 = 0.035

Notes: ETR and TFP are allowed to vary across columns. Column (1) to (3) are estimated at the mean of the TFP.

Column (4) to (6) are estimated at the first quartile (percentile 25) of the TFPs. ETRs are evaluated at the levels

before and after 2006 tax reform in columns (1),(4) and (2),(5) respectively. Columns (3) and (6) are the difference of

the marginal effects of the two previous columns. Other covariates at their means. Standard errors, clustered by firms,

in parentheses.
∗∗∗ Significant at 1%; ∗∗ Significant at 5%; ∗ Significant at 10%.

difference of the marginal effects on exit when firms experience rise from 25% to 33% (columns

(3) and (6)). The difference reflects the non-linear effect of ETR on the productivity-exit link:

increasing the ETR not only raises the probability of exit explained by the TFP but also

steepens their relationship.

Figure 2 shows the estimated probabilities varying the TFP at the two ETR values of interest

(25% and 33%). An increase in the first quartile of the ETRs makes the exit probability more

dependent on the TFP. An increase of the ETR from 25% to 33% raises the exit probability

by 0.036 percentage points. Similarly, a firm with a TFP of 1.65 (percentile 25) and an ETR

of 25% must increase its TFP to 1.8 (percentile 30) to preserve the same exit probability.

Thus, I find improvement in market selection for relatively large firms as a result of the increase

of the ETR for low-tax payers (percentile 25).

The exit rates are remarkably low: on average, five in ten thousand firms exit each year.

However, this does not dismiss the results found. The argument comes in two ways. As

I mentioned before, the effects observed represent a lower bound of the real effects due to

sample selection and the stringency of the exit definition. Therefore, the actual exit rate should

translate into a greater effect. On the other hand, large firms are associated with lower exit
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rates due to their intrinsic productivity and size. Thus, their share of aggregate productivity is

relevant. In terms of expected values, large firms’ low exit probability makes them hold large

amounts of resources for longer. Nevertheless, it is reasonable that the observed exit rates in

the data used may not be the best approach to quantify productivity misallocation.

.002

.004

.006

.008

1 1.5 2 2.5

ETR at 25% ETR at 33%

  ∆ = 
.00036

1.65 1.8
p25 p30

E(Χ)

Ω

Figure 2: Estimated probability vs TFP at relevant ETRs

5 Robustness check: selection on ETR

As discussed in Section 3, the ETRs are selected when firms’ profits hit zero. This is an issue

as firms, especially those close to exit, tend to exhibit unsound income statements (negative

cash-flows). Table 3 shows evidence of the correlation between firms having net operating loss

and exit.

This section conducts the correction on ETR truncation generated by EBT. To do so, I

compute a Heckman correction model as follows:

E[τit] = β1LEVit + β2CINTit + β3SIZEit, (10)

Pr(D = 1) = Φ(ζEBT ), (11)

where τ is projected to its determinants as depicted by Richardson & Lanis (2007) and Plesko

(2003). These determinants are the leverage ratio (LEV ), the capital intensity (CINT )
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estimated as property and equipment book values by total assets, and the firm size (SIZE)

calculated as the log of firms’ assets. In addition, Equation 11 corrects for selection with EBT

as the only predictor of the ETR truncation (D).

The projected ETR (τ̂) is estimated from the last procedure. Then, I estimated the exit model

set in 9 using τ̂ as input instead of τ . Results are displayed in Table 6.

Table 6: Marginal effect of TFP on exit probability using corrected ETRs

Ω at mean Ω at Pctl(25)

τ = 25% τ = 33% Difference τ = 25% τ = 33% Difference
(1) (2) (3) (4) (5) (6)

-0.00039 ∗∗∗ -0.00103 ∗∗∗ 0.00063 ∗∗∗ -0.00090 ∗∗∗ -0.00207 ∗∗∗ 0.00117 ∗∗∗

(0.00014) (0.00023) (0.00009) (0.00035) (0.00055) (0.00021)

Observations: 56,637; Number of firms: 7,135
Goodness of fit Wald χ2 = 257.36; Pseudo-R2 = 0.1527

Notes: ETR and TFP are allowed to vary across columns. Column (1) to (3) are estimated at the mean of the TFP.

Column (4) to (6) are estimated at the first quartile (percentile 25) of the TFPs. ETRs are evaluated at the levels

before and after 2006 tax reform in columns (1),(4) and (2),(5) respectively. Columns (3) and (6) are the difference of

the marginal effects of the two previous columns. Other covariates at their means. Standard errors, clustered by firms,

in parentheses.
∗∗∗ Significant at 1%; ∗∗ Significant at 5%; ∗ Significant at 10%.

Table 6 shows that low-performing firms double the TFP marginal effect on exit compared to

the average firm, which is greater than the baseline estimation. Moreover, the difference of

marginal effects in columns (3) and (6), reflecting improvements in market selection, appears

to be differentiated across TFP. This result differs from the baseline estimation that shows a

mostly symmetric increase of the marginal effects across the TFP levels (see Figure 2).

As expected, the marginal effects shown in Section 4 represent a lower bound of the real effect

of the ETRs on the TFP-exit link. In this new estimation, exit probability seems to be more

responsive to ETR changes. The increase of the ETR from 25% to 33% raises the probability

of exit by 0.006 percentage points. This translates into more productivity requirements to

survive. Mainly, a firm with a TFP of 1.65 (percentile 25) and an ETR of 25% must increase

its TFP to 2 (percentile 60 which is the mean TFP) to keep the same exit probability.
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Figure 3: Estimated probability vs TFP at relevant ETRs

6 Concluding Remarks

An inefficient firm selection represents a fraction of the total misallocation of resources

throughout the manufacturing sector. This occurs when firms more likely to exit due to low

performance are given aid via subsidies like differentiated tax rates. Lowering firms’ tax

burden relative to other firms alleviates their balances and raise their profitability. This

mechanism allows under-performing firms to survive. Therefore, the resources used by these

firms are misallocated. Throughout this paper, I provided theoretical and empirical

arguments to validate the distortions to the selection mechanism for large Colombian

manufacturing firms introduced by the heterogeneity in taxation.

Exploiting the reduction of ETR dispersion throughout the sample period, I found that the

increase of the lower quartile of ETRs is associated with an enhanced market selection. Mainly,

a firm paying under 25% of ETR (15 log points under the average) benefited from around one-

third of TFP standard deviation6 before the ETR rose to 33% (and three-fourths of TFP

standard deviation once corrected for ETR selection). Either the tax increase works as an
6One standard deviation of TFP spans from the lower quartile to the upper quartile of the TFPs.
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incentive for low-performing firms to improve their productivity or they exit the market and

release the misallocated resources. However, this article does not estimate the extent of the

productivity gain due to the ETR heterogeneity reduction.

As tax reforms are highly frequent in Colombia, a suggestion based on this finding is to avoid

the introduction of heterogeneous tax benefits which are politically difficult to remove. Adding

heterogeneous tax breaks allows non-productive firms to stay in business which will cause

unnecessary occupation of resources. Furthermore, tax policy should aim for mechanisms to

outweigh the existing heterogeneity of taxation.

As mentioned, the improved market selection found should represent a lower bound of the real

effect. The main reason is the data used considers mainly large firms, along with the idea that

size is positively correlated with firm selection. The estimated effect could be underestimated

as smaller firms are not observed. One limitation is the availability of physical units and

price data. The literature has proven that nominal values can carry confounding price effects

from demand shocks and demand elasticity. This motivates further investigations regarding

this topic. Another limitation is the firm demographics data availability. The identification

of firm exit is very restrictive although more plausible than the standard exit identification.

This should motivate the supervisory authority to build better public data sources of firm

demographics for Colombia.

Restuccia & Rogerson (2017) suggest that studies of misallocation should look for

opportunities to go beyond static effects of misallocation and focus on the potentially larger

dynamic effects. This paper opens opportunities to explore other unanswered questions.

Mainly, the presumptive corporate tax interacting with financial frictions may have more

permanent effects on firms’ efficiency. Transitory shocks on firms’ benefits would become

persistent when asked for greater tax payments. This would deter firms’ growth more

dynamically.
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Appendix : Statutory tax rate and ETR heterogeneity

The exit model showed in Section 2 explains the relationship between ETR and TFP illustrated

in Figure A.1. In absence of taxation, the cutoff should be set at Ω∗. However, Colombian

firms (at least the ones analyzed here) are required to pay the statutory tax rate. As this

payment becomes a mandatory rule, firms are expected to perform budget planning and make

provisions to comply with the tax payment. Therefore, this payment becomes part of their

operating costs. Thus, the cutoff moves to Ω.

If every firm pays the statutory tax rate, they exit when their productivity lays below the Ω

cutoff. However, if firms are allowed to pay differentiated tax rates, the required productivity

to survive varies. Thus, the mass of firms (blue area) with tax rates below the statutory tax

rate is allowed to survive even with productivity levels below the cutoff. Hence, payments

below the statutory tax rate work as an implicit subsidy for firms.

Ω

τ

Ω

τ̄

Ω∗ Ω

Figure A.1: ETR and TFP relationship from the model
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