
The Costs of Bureaucracy and Corruption at Customs:

Evidence from the Computerization of Imports in Colombia

Rachid Laajaj∗, Marcela Eslava†& Tidiane Kinda‡�

October 11, 2018

Abstract

Customs face a di�cult trade o� between, on one side, collecting tari� revenues and preventing

smuggling, and on the other side, avoiding creating additional barriers to trade. Customs also tend

to concentrate discretionary power in the hands of o�cials whose decisions can bear high costs for

the �rms, creating room for rent extraction. In this context, information technologies can limit direct

interactions, reduce transaction costs and allow local businesses to better take advantage of the

bene�ts of international trade. We assess the e�ects of the computerization of import transactions on

plants' growth in Colombia. The reform occurred sequentially in the di�erent customs between 2000

and 2005, allowing us to use a triple-di�erence strategy, comparing the change in outcome variables

of �rms that were importing before the beginning of the reform, to the one of �rms that were not

importing (and are thus less a�ected by changes at customs). We �nd that the computerization of

imports led to an increase of 6 log points in the �rms' value added along with consequent increases in

employment, productivity and tax collection at customs. However it generated winners (importing

�rms) and losers (non importing �rms). Our investigation of the channels reveals a reduction in

corruption judiciary cases at treated customs, as well as a reduction of time to clear customs and its

unpredictability. Our results provide new evidence that the systematization of customs can be highly

bene�cial for the economy, and supports growing evidence of the high potential impact of proper use

of information technologies to improve e�ciency and tackle corruption in public administration.
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1 Introduction

Studies show that imports by �rms can increase their e�ciency and the quality of inputs and outputs,

even though their e�ect on domestic �rm size is ambiguous because the productivity kick associated with

imports is balanced-out by a contraction in revenues via increased competition1. Though potential gains

from trade have been frequently studied in the context of reforms that reduced tari�s, tari�s are by no

means the only or more important barrier faced by �rms in international trade. In most of the developing

world, for instance, �rms responding to the World Business Environment Surveys identify customs and

trade regulations as the second most serious constraint on private sector development (Batra et al.,

2003). Customs are recognized as a hub for bureaucracy and corruption in developing countries, despite

(or perhaps because of) the high stakes involved in their e�ciency. Using �rm level surveys in Uganda,

Svensson (2003) �nds that a one percentage point increase in bribes reduces annual �rm growth by three

percentage points, which is three times the negative impact as the one of equivalent formal taxes. Similar

channels may clearly operate in the context of customs, both in relation to bribes and other obstacles that

reduce customs e�ciency. If this is the case, then administrative reforms that reduce these constraints

at customs may bring large bene�ts to the economy, perhaps even in excess of the bene�ts attached

to trade liberalization. Information technologies likely play a particularly important role in tackling

administrative constraints through their potential to increase e�ciency and transparency. Despite all

this, there is, to the best of our knowledge, no causal evidence on the e�ect of the use of information

technologies at customs on �rms' growth and productivity.

In non-modernized customs, controls and revenue collections rely mostly on physical inspections.

Even in the absence of corruption, it is challenging to perform the necessary controls on transactions

without hampering trade. Moreover, customs o�cers have signi�cant discretion to stop cargo, and a

broad bureaucratic toolkit from which to draw on to justify delays and unanticipated hurdles Sequeira

(2015). Since tax rates vary by type of good, goods may be misclassi�ed, intentionally or not, in�uencing

the amount to be charged. This discretionary power creates an opportunity for rent extraction, which

can act as an additional tax for the �rms.

In this article, we examine the e�ects of the computerization of customs procedures for imports on

the economic activity of manufacturing �rms in Colombia. The reform, implemented by the Colombian

customs and tax authority DIAN (Spanish acronym for Direction of Taxes and National Customs),

systematized the requirements at each step of the imports declaration and allowed the �rm to complete

almost every procedure online rather than in person, thus limiting the interaction with customs agents.

The need for physical inspections was reduced, and the decision to undertake such inspection, previously

at the discretion of the customs agent, became taken by a computer, triggered by risk pro�les and

suspicious inconsistencies between the declarations of the foreign exporting �rm, the importing �rm, the

transporter, the warehouse, and the bank where the payment of tari�s must be made. These changes

1For instance, see Halpern et al., 2011 for Armenia, Amiti and Konings, 2007 for Indonesia, Kugler and Verhoogen, 2009
and Fieler et al., 2018 for Colombia
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reduced bureaucratic hurdles, while maintaining or even increasing the ability to apply the necessary

controls and tari� collection. Clearly, the computerization brings multiple changes in procedures and

responsibilities of the customs o�cials. The e�ects of the reform estimated in this paper re�ect the entire

set of concurring changes that were made feasible by the technology.

The limited capacity of the team that put the computerization in place led to a sequential imple-

mentation of the reform across the 26 customs posts. From the beginning of 2000 to the end of 2005,

customs moved from none to over 99% transactions computerized nationally, sequentially adding custom

posts to the computerized system. Figure 1 presents the share of imports declared online in Colombia

during the period of study , while Figure 2 presents the same statistic by port for the 15 largest customs

posts in Colombia. Figure 2 indicates that, in each post, computerization jumps from none to almost

all transactions being computerized, and that the year of computerization varies by custom post. This

sequential implementation, together with the rich data o�er a unique opportunity to isolate the e�ects

of the reform on the economy. Our database includes yearly panel data on all non-micro manufacturing

plants in Colombia, covering 1997 to 2009, spanning the pre- and post-reform periods. We combine it

with customs administrative data on all imports transactions going through the 26 Colombian customs

posts during this period. Plants are matched with customs posts based on the frequency with which, prior

to the reform, plants from the same municipality imported through a given customs post. We consider

that an importing plant is �treated� once the assigned customs post underwent the computerization.

We use a triple di�erence, building on the fact that the reform occurred sequentially in the di�erent

customs of Colombia between 2000 and 2005, and also that importing plants should be more exposed

to the treatment than non importing ones.A plant is considered �exposed� to the treatment if the �rm

that owns the plant was an importer before any of the computerization waves started. Our approach

estimates whether, in the years following the reform of the associated customs post, importing �rms

grew faster than non-importing �rms. The underlying identi�cation hypothesis would be violated if the

DIAN prioritized areas with greater di�erence in growth potential between importers and non-importers,

however our parallel trend analysis do not show evidence of such violation before the reform. This

strategy allows the incorporation of year dummies,to control for concurrent changes in taxation or other

policies implemented at the country level. Furthermore, exports were computerized a few years after

imports and followed a di�erent calendar. Hence, our results should be interpreted as the e�ects of the

computerization of imports only rather than all trade �ows.

We �nd that the computerization of customs led to a gradual and substantial increase in the importing

manufacturing plants' productivity and economic activity. The value added of importing �rms increased

by 6.5 log points, while their number of workers increased by 5.7 log points and Total Factor Productivity

increased by 1.3 log points. We also �nd evidence of negative e�ects on the growth of non-importing �rms,

for which the negative competition e�ect likely overcomes potential positive e�ects through post-reform

input imports. The net e�ect on the manufacturing sector in Colombia is an increase of about 6% of all

the non-micro enterprises. An increase that is mostly driven by small to medium sized �rms.
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Additional estimations allow us to shed light on the channels behind these results. Using double

di�erence estimations, we �nd that the computerization led to a large increase in the number of imports

going by treated ports, and in the total annual value of imports declared. The e�ective tax rate on imports'

transactions shows no signi�cant change, but total taxes collected at customs increased signi�cantly as

a result of the increase in the tax base. In the meantime, the number of days to clear customs was

reduced by about 8%. It indicates that the reform was e�ective at facilitating imports, but also that the

change is small in magnitude, perhaps as a result of the reorientation of imports. We �nd an increase in

transportation costs of merchandises reaching treated customs, suggesting that �rms are willing to travel

further in order to go through a computerized customs post. This revealed preference is in line with

�ndings by Sequeira and Djankov (2014), who show that �rms in Southern Africa are willing to travel

signi�cantly longer distances in order to go through a less corrupt port.

Smoking-gun evidence of changes in corruption is always challenging. we also �nd evidence that

points towards reduced corruption being one of the channels behind the increase in economic activity

that resulted from the reform. First, we summarize the abundant anecdotal evidence from the internal

documentation of the DIAN, which explicitly points to tackling corruption as a primary goal of the reform,

and details how the reform was expected to sever many of the lines that made import transactions possible

preys to corruption, in particular the discretionary power of on-the-ground customs o�cials. Second, in

line with this reduction of discretion at ports, we �nd that the reform signi�cantly increased predictability

of the number of days of the customs transactions. Third, we �nd that the reform signi�cantly reduced

the discrepancies between the amount of import taxes due and the one paid, according to the customs

declaration, in particular for large �rms. Finally, using data from the Procurador General de la Nación

(the General Prosecutor), we �nd that the computerization of a port is followed by a signi�cant drop in

the number of judiciary cases related to corruption at DIAN in its municipality. All together, these pieces

bring clear indications that a reduction of corruption is part of the channel and contributes to explaining

the magnitude of the impact.

Analysts have argued that corruption at customs may help or hurt �rms engaging in import transac-

tions, depending on whether it is �collusive� or �coercive� (Sequeira, 2015). Sequeira (2016) �nds that,

in Southern Africa, small bribes allowed �rms that pay them to obtain signi�cant reductions of tari�s,

which implied that collusive corruption is dominant in this context. We �nd that both coercion and

collusion were occurring before the reform, but the large positive e�ects of the reform point toward a pre-

dominantly coercive corruption. Our results are consistent with research that point at corruption acting

as a tax on the economy. For instance Wei (2000) analyzes data from 45 host countries and conclude

that an increase in the corruption level from the one of Singapore to the one of Mexico would discourage

inward FDI by as much as a twenty percentage points raise in tax.

The Arusha Declaration of the World Customs Organization Concerning Good Governance and In-

tegrity in Customs (1993) puts automation of transactions in customs as one of the key pillars to reduce

corruption. Computerization of customs transactions has been adopted by the vast majority of OECD
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countries and is widely recommended by international organizations (such as the IMF, UNCTAD or

the Inter-American Center for Tax Administrators) which have invested in the provision of training and

software for the computerization of customs transactions in middle and low income countries. Numerous

case studies document the bene�ts and challenges of customs computerization (De Wulf and Sokol, 2004;

Engman, 2005). Others have analyzed the role of customs infrastructure or delays in trade facilitation

(Clark et al., 2004; Dollar et al., 2003; Guasch and Kogan, 2001). Also Yang (2006) shows that devel-

oping countries hiring private �rms for pre-shipment inspections to reduce fraud at imports signi�cantly

increased their tari� revenues. However, to the best of our knowledge, there are no causal evidence of

the impact of the use of information technologies at customs on �rm level outcomes.

This paper is related to the vast literature that aims at understanding how the removal of tari� and

non-tari� barriers to trade a�ects the economy (Sachs et al., 1995; Dollar et al., 2003; Wacziarg and

Welch, 2008; Rodrik et al., 2004) More recently, �rm level studies have emphasized the bene�ts of trade

liberalization for labor productivity and growth in the Canada-US free trade agreement (Tre�er, 2004),

Armenia (Halpern et al., 2011) and Indonesia (Amiti and Konings, 2007). Using the same Colombian

manufacturing plants census data as the one used in this paper, Kugler and Verhoogen (2009), Eslava

et al. (2015) and Fieler et al. (2018) provide evidence that, at least in the 1990s, inputs on the import

market are higher quality than the ones on the domestic market. They are used by �rms that are

larger and more productive; and allow importing �rms to produce better outputs and sell them to other

local �rms, who in turn can also improve their quality. Reduced costs of importing also lead to greater

competitive pressures on local producers, which have been found to increase the productivity of �rms

more exposed to external competition . While increased productivity generates incentives to increase

scale, these incentives may be overcome by the depressing pressure that competition exerts on a �rm's

scale . Fieler et al. (2018), in fact, suggest that this was the case in the Colombian trade liberalization of

the early 1990s. To this abundant body of literature on the e�ect of trade on �rms, we add evidence on the

potential e�ectiveness of reforms on the administrative margin of trade policy, which can be a win-win,

both on �scal and economic consequences. It may nonetheless generate losers among non-importing �rms

and customs agents, which may resist the reform. Compared to a change in tari�, the implementation of

such a reform trades external political challenges for internal ones.

This paper also contributes to the research on corruption in developing countries. It has been shown

that ine�cient institutions are one of the distinguishing characteristics of developing countries and play

an important role in the persistence of poverty ((Mauro, 1995; La Porta et al., 1999, 2000)). Bureaucracy

and corruption have been found to take a toll on development that goes beyond simple transfers from

the business sector to the corrupt o�cials. It can discourage investment (Samphantharak and Malesky,

2008) and human capital accumulation (Ferraz et al., 2012; Reinikka and Svensson, 2004), lead to the

misallocation of capital (Khwaja and Mian, 2005), or talents (Ebeke et al., 2015). It also a�ects public

expenditures Olken (2006), and harms the government's ability to correct externalities (Olken and Barron,
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2009)2. Within this corruption literature, our research most closely relates to the growing literature on

the potential of information technologies to improve e�ciency and reduce corruption (Giné et al., 2012;

Lewis-Faupel et al., 2016; Banerjee et al., 2016; Muralidharan et al., 2016). It complements it with

primary evidence of the e�ect on an intervention at the customs level.

Our results estimate the magnitude of the costs of bureaucracy and corruption at customs, but also

provide an example of a successful, practical solution to tackle this complex issue through a proper

use of informational technologies. The cost of the computerization of imports that we evaluate (about

6 million USD) is dwarfed by the observed bene�ts on the economy. Given our results, the Colombian

computerization reform can serve as an example for a large number of low income countries with old-style

customs, in particular in sub-Saharan Africa. Of course, applicability in di�erent contexts is not granted,

given the need for political will and institutional capacity to adopt and successfully implement this type

of reforms (De Wulf and Sokol (2004)). In fact its lessons are also applicable to Colombia, where customs

underwent large improvements in the beginning of the century, but today, still lag behind many middle

income countries, and are in urgent need for a major upgrade.

2 Context and the Computarization of Customs in Colombia

2.1 Context

From 1997 to 2005, Colombian's GDP per capita grew on average by 3.3% per year. Trade openness as

a share of GDP slightly increased from about 35% to 38% while the share of the manufacturing sector

remained stable around 14% of the economy. 3. Colombia has its share of corruption and governance

issues fueled, among other things, by money from narco-tra�cking. However, during the period of the

computerization that we examine, its ranking according to the World Government Indicators increased

from 34th percentile of countries for which the data is available in 2000 to the 41st percentile in 2006 (and

reaching the 45th percentile in 2015) with the greatest improvements seen in the Rule of Law and Control

of Corruption indexes. The modernization of customs was one of the reforms taken by the Colombian

Government during this period in order to tackle corruption. To illustrate this, Appendix Figure 1 shows

that, according to our customs data, the average customs clearance time for importation went down

from about 17 days in 1995 to a bit less than 10 days in 2014. The general improvement in Colombian

customs facilitation, trade and institutions are consistent with the main �ndings of this paper, and raise

the importance of drawing lessons from policies that may have contributed to this progress.

2For an overview of the empirical literature on corruption in developing countries see Olken and Pande (2012)
3World Bank statistics available at https://data.worldbank.org/
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2.2 Description of the Customs Reform and Qualitative Evidence

The decision to focus on the computerization originated from discussions with the management and

operations sta� at DIAN. When asked about the changes that were most in�uential to tackle corruption

and facilitate the transits for the �rms, the computerization was brought forward as a game changer,

allowing customs to facilitate transactions and better monitor them. The program was named Siglo XXI,

and its implementation started in 2000.4 The computerization occurred in di�erent customs posts at

di�erent periods, as illustrated in �gure 2. This staggered timing is due to the limited capacity of the

team implementing the program, and the capacity building required with the implementation at each

customs post.

The new system allowed users to declare their imports online rather than at arrival at the customs,

facilitating and speeding up the process. It was expected to reduce large economic costs due to the

bureaucracy and immobilization of merchandises at imports. DIAN's internal documentation, however,

makes it clear that the reform goes beyond a digitization of the declaration. It emphasizes a broad �need

to bring the technological strategy in line with developments in regulation and procedures�. For this

reason, this study must be interpreted as an evaluation of the entire reform that was made possible by

the computerization.

The DIAN share internal documents describing the reform. The most comprehensive document,

produced in 2001, is titled �Advances in the Control of Corruption Through the Customs System Siglo

XXI� displaying its central objective. It includes a summary table with remarkably detailed accounts of

the �aws of the existing system that left room for corruption, and how they would be addressed by the

reform. We present key features of the reform, as described by the internal documentation:

• Before the reform, �The only criteria to inspect the charge was the judgment of the customs in-

spector�, but after the reform, �the possibility of corruption acts has been diminished since the

transporter interacts with the customs o�cer only when the computer system calls for such inter-

action�

• Prior to the reform, there was a risk of a cargo not being presented to the customs o�ce, or that

the quantities or values were under-reported. After the reform, customs are automatically informed

of deliveries.

• The �risk that the customs inspector declares conformity between the cargo manifest and the phys-

ical cargo when there is a di�erence that should cause its apprehension� was reduced by the �full

control and identi�cation of the actors who perform each one of the checks�. That is, the new system

generated traceability and better accountability from the customs o�cers, who can be concerned

about a �risk that the customs authority veri�es the correspondence between the form and the real

cargo�.

4DIAN started the development of Siglo XXI in 1997 with the project �Sistema Global de Información y Mejoramiento
de la Gestión Aduanera Siglo XXI�
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• �In the previous scheme, there was no transmission of the message with payment noti�cation by

the Bank, which generated multiple problems that were di�cult to detect before the release of the

cargo (falsi�cations, adulteration, etc.)� whereas in the new scheme, the DIAN receives the online

con�rmation of payments and �once the payment is made, the release request is executed without

any intervention by customs authorities �, �about 86% of the merchandise obtain automatic release�

compared to 30 to 40% before the reform.

• Siglo XXI allowed the instantaneous registration and comparison across declarations by the trans-

porter, the importer, the warehouse, and the bank. �Discretion by the o�cials for the selection of

documents for inspection purposes is completely eliminated�.

• The physical or documentary inspection processes in the new system are triggered by inconsistencies

in the declarations and risk pro�les rather than arbitrary decisions of customs o�cers. �In the new

scheme, customs executes physical inspections to no more than 9% of the documents. This is an

improvement since, before, the rate over 50%.� Automatic risk pro�les were already in place in

2001, but many additional elements were expected to be progressively incorporated.

• E�ciency gains from the rapid processing of information and �avoiding duplication of processes

(such as typing) for users�

• �Tools are provided so that users can do management control of their processes�

The report, written in 2001, after implementation had started in Bogota, draws a number of conclusions

on its e�ects. The �rst set of bene�ts relates to an increase in convenience for the importers due to

the reduction in bureaucracy. �With the exception of the physical inspection and payment, all the

processes related to the declaration's obligations can be developed from its management center through

the Internet�. As argued by the documentation, the time to clear customs was reduced and the reform

�reduce[d] the possibility of errors that imply indirect costs to the user such as onerous sanctions or delays

in the procedures�. All these bene�ts would occur even in the absence of corruption under the initial

system, simply from the improvements in e�ciency allowed by the better management of information

o�ered by the technology.

Another set of bene�ts described by the internal documentation clearly points towards a reduction

in corruption. It highlights a �decrease of discretion in the exercise of the customs function, through the

automation of a large part of the controls and the exercise of physical reviews based on risk pro�les,

and with the support of the computer application, providing greater transparency in the procedures� as

well as an �improvement in the control of the ful�llment of the obligations by the customs authority, and

speci�cally those of declaration and payment of taxes�. Mistrust in the activities performed by some

customs agents before the reform is evident in these words, as is the desire both to limit their direct

interactions with the importers and, when interactions are necessary, to make them more transparent

and traceable. The documentation explicitly states the view that the reform resulted in a �decrease in the
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degree of corruption, evidenced by the reduction of complaints by customs users and their associations�.

The program may have contributed to the 17.75% increase in the collection of customs taxes in Bogota

in its �rst year of implementation, although the authors also argue that such increase may be partly due

to a recovery from a bad year in 1999.

These qualitative insights from DIAN's internal reports help guide our empirical analysis. They

suggest that we should expect an increase in the number of transactions (if the reform reduced outright

smuggling) and in imported amounts (if it reduced under-declarations). We will also compare the amounts

actually paid by the importers to the amount due according to the data. Discrepancies are a sign that may

re�ect fraud made easier by a lack of communication with the banks, as mentioned above. Facilitation

should also be re�ected by a reduction in the duration to pass the customs. This facilitation and reduction

of corruption should lead to a preference for reformed customs which should be re�ected by an increase

in imports through reformed customs. The switch from discretionary power to a stricter application of

the rules may be re�ected in a change in sanctions applied to the importers when they did not comply

with the procedures or delays. Finally, another insight from discussions and documentation is that risk

pro�ling went from relatively crude to complex algorithms, as the administration improved its ability to

make use of the available data to identify risky transactions. Hence the bene�ts of the reform should be

progressive over the years following its implementation.

3 Data and variable de�nitions

This section describes the four databases used for the analysis, and how we combined it. To keep in mind

how the data is used, when looking at the impact of the computerization on �rm level outcomes, we use

a triple di�erence strategy that allows the change in economic outcomes to be a�ected by the timing of

the computerization at the most relevant port but also by the exposure of the �rm to the reform, which

depends on whether it is an importer before any of the reforms. We also analyze the channels using

data collected at customs, data on corruption judiciary cases, and data from the International Trade

Statistics Database. All our data cover the study period of 1997 to 2008, from 3 years prior to the �rst

computerization to 3 years after the last computerization.

3.1 Data Description

This paper combines three rich databases. First, we use the imports transaction database from DIAN

(the Colombian customs authority, by its acronym in Spanish), which covers all import transactions.

This database gathers about 1,000,000 import transactions per year from about 56,000 �rms. For each

transaction, it provides information about the type of good that is imported, its quantity, value, desti-

nation, origin, and the taxes to be paid in association with the transaction. It also includes the dates

of arrival and clearance which allows us to calculate the clearance time for each transaction. We were
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able to recover whether each transaction was done manually or by computer. Panel B of Table 1 lists the

variables from the customs database that we use for our analysis.

Our primary outcome variables come from the the Annual Manufacturing Survey (EAM) provided by

the o�cial Colombian statistical agency (DANE), a rich yearly panel data on about 6,000 manufacturing

plants. The database covers all manufacturing plants with at least 10 employees in the country, or with

a level of annual production above a certain limit (worth about USD 150,000 in 2017). Once we keep

only plants available throughout all years of the study period, we are left with 3,478 plants. The results

remain highly consistent if we include �rms with years of missing information. The EAM data contains

annual information on value added, sales, inputs, labor, capital and other standard indicators of the

economic activity of the plants. We also calculate, based on these indicators, measures of productivity,

in particular sales per worker and Total Factor Productivity. Table 1A provides a description of the

variables that we computed from the EAM data. Plant-level information from EAM is complemented

with the DIAN information for the purpose of assigning a relevant customs post to any given plant for

the pre-refom period. This process is described in detail in the following subsection.

In order to test whether the degree of corruption was a�ected by the reform, we also use data from

the Information System of Registration of Sanctions and Causes of Dismissal (in Spanish Sistema de

Información de Registro de sanciones y causas de Inhabilidad), which registers the executed and noti�ed

decisions sent to the Attorney General's O�ce by the competent authorities. This database includes

all disciplinary and legal violations in the public sector that that were investigated by this O�ce. The

information about each case includes the municipality where the violation occurred, the public agency to

which accused o�cials are a�liated, the outcome of the case (guilty or not, and the disciplinary or legal

sanctions), and a description of the violation. We construct a data set that counts, by municipality and

year, the number of cases related to corruption by o�cials a�liated with DIAN and those by o�cials

a�liated to other agencies (which we use as a control). We labeled the following types of violations

as corruption-related: budget violations, contractual violations, administrative violations and violations

with criminal connotations. We use both unweighted counts of judiciary cases and a weighted counts

obtained by Principal Component Analysis across di�erent type of violations. It is worth pointing that

over the years of study there are 7042 violations related to corruption, of which only 37 cases involve an

employee of the DIAN. This small number of cases raises a limitation of the approach, hence it is the

combination of evidence that unveils the role of corruption in the economic impacts that are observed.

3.2 Plants exposure to the Treatment and their Assignment to Customs

Posts

In this subsection, we explain how we match plants with customs posts and our de�nition of treatment

and exposure. Both were done with the intent to minimize potential concerns of endogeneity. In our

baseline speci�cation, we assign each plant to the customs post through which imports by �rms in the
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plant's municipality were most likely to go, in the pre-reform period. To do this we �rst calculated, for

each �rm in the DIAN database, the share of the value of its imports that came through each port in

the pre-reform period. We then averaged this share across �rms in the same municipality, ranked the

resulting average for each municipality over ports, and assigned to each municipality the port to which

the highest share was associated. Finally, we associated each plant in the EAM database to the port

assigned to its municipality in the previous step. The rules of assignment use imports 1) prior to the

reform, and 2) at the municipality level, which should both minimize risks of endogeneity. In section 4.4

we explore the robustness of our results to alternative methods of assignments of plants to customs.

Once a plant has been assigned to a port, each plant and year is considered as �treated� if the customs

post assigned to the plant had undergone computerization at that point in time. We label a customs post

as computerized if over 80% of imports were declared by computer, rather than manually.5 Notice from

Figure 2, that in each customs posts, the switch from manual to digital imports almost always rapidly

jumped from 0 to almost 100% of imports and then remained around 100%, hence it makes sense to

consider this as a discontinuous treatment, and it is not sensitive to setting the cuto� at 80%.6

Finally, a plant is considered as exposed to the treatment if the �rm to which the plant belongs carried

any import transaction in 1997-1999. We, again, de�ne exposure based on the pre-reform period so that

the exposure status is not a�ected by the computerization of its corresponding custom. Besides this, the

�rm-level merge between the DIAN and the EAM database also allows us to assign to each plant in the

EAM, outcomes registered by DIAN, related to importing by its owning �rm: value of imports, taxes

due and paid, etc. Because the merge is only possible at the �rm level, rather than the plant level, the

interpretation must take into account the fact that we observe import transactions for the plant added

to those by other plants owned by the same �rm, and including non-manufacturing activity of the �rm.7

4 E�ects of the computerization on plant level economic out-

comes

This section presents the analysis of the e�ect of the reform on plant outcomes. We begin by presenting

the baseline strategy, followed by the corresponding results. We then present extensions and validation

tests.

5A code in the DIAN database allows us to identify whether the declaration is manual or computerized. We thank
DIAN's sta� for pointing us to this code

6Bogota, which was the �rst customs to implement the computerization, is the one exception with a rapid raise to about
86% of transactions, but reaching 100% only 2 years after the beginning of the computerization. Still the initial rapid raise
is enough to consider Bogota as treated in year 2001, and Table A2 shows that the results are robust to the exclusion of
municipalities one by one.

7The merge between EAM and DIAN is possible by the presence of tax identi�ers for �rms in both databases. However,
access to such identi�ers is subject to even stricter con�dentiality restrictions than the rest of the EAM.
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4.1 Main Speci�cation

The methodology builds on the fact that computerization occurred in di�erent customs posts at di�erent

periods, because of the limited capacity of the team that trained the customs agents to use the new

program. The timing is certainly correlated with the capacity of each customs post, itself correlated with

characteristics of the �rms most likely to go through the customs. To address this issue, we use a triple

di�erence strategy, exploiting both the staggered timing of the computerization and the �rms' degree

of exposure to the reform, which is de�ned by their prior importation status. In particular, our main

regression can be written as:

Ypct = βTct ∗ Ip + δTct +Xpctλ+ θp + γt + εpct (1)

where each observation corresponds to a plant year combination. Ypct is the outcome of interest in

year t of plant p associated to customs post c. The outcomes of interest are measures of the economic

activity of the pant. Tct is a dummy equal to 1 if, in customs c, more than 80% of imports were digital at

year t. Ip is our indicator for exposure to the treatment: a plant level dummy, equal to one if the plant

imported at least once between 1997 and 1999 before any treatment. θp are plant level �xed e�ects and

γt are year �xed e�ects. Xpct is a set of additional controls, composed of the log of the value added in

1999 interacted with year dummies, and of the value of transactions in the associated customs post in

1999 interacted with year dummies. Such controls are essential to take into account the fact that initial

di�erences in customs and �rms characteristics can drive di�erences in changes over time.8

Note that we do not control for Ip alone because it is already captured by the plant dummies. εpct is

the error term, clustered at the customs level to account for possible customs level shocks. Because the

number of clusters is relatively small (26 customs), we also present the wild bootstrap p-values following

Cameron et al. (2008).

β is the triple di�erence estimator of the e�ect of the reform on exposed plants compared to non

exposed plants. It captures the di�erence in the change in the outcome variable between importing �rms

and non importing �rms that results from the computerization of the assigned customs.

However, non exposed plants may be indirectly a�ected by computerization. A positive e�ect can

result from the indirect access to cheaper and higher quality inputs and a negative one can be due to the

increased competition from importers. Hence we are also interested in δ, which is a measure of the change

in outcome Y that occurs among non exposed plants at the time when imports became computerized in

the corresponding customs post. Finally, our estimation of the computerization on exposed �rms is given

by β + δ, hence all regressions show the p-value that tests the signi�cance of this sum. β is estimated by

a triple di�erence while the estimations of β and β + δ are equivalent to a double di�erence.

The identifying assumption of the double di�erence is that there is no systematic relationship between

8In particular exposed customs are on average substantially larger than non exposed customs. To address this 1) add the
controls described above, 2) express all outcomes in logs, ratios or dummies, and 3) in Table 3, we present the estimations
separately by quartile of the initial value added of the plants.
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the timing of the reform and the the growth potential of the plants (for both exposed plants and non

exposed plants separately). Whereas the identifying assumption for the triple di�erence is that the timing

of the computerization is not correlated with what the di�erence in the change in the outcomes of interest

(between exposed and non exposed plants) would have been in the absence of the reform. In other words

there is no systematic relationship between the timing of the reform and the di�erence in the growth

potential between exposed and non exposed plants. In section 4.3 we provide tests of whether these

assumptions hold prior to the reform, using a dynamic version of our main speci�cation, which breaks

the estimation of the treatment e�ect by year.

Importantly, being classi�ed as exposed or non exposed is not completely synonymous of actually

being an importer or non importer during the entire study period. On average during the study period,

exposed �rms are 80% likely to import , whereas non exposed �rms are 8% likely to import and thus

to bene�t from the reform. Hence the coe�cients β an underestimation of the e�ect of the reform on

importers compared to non-importers. It can be interpreted as Intention To Treat estimation of the e�ect

of the computerization for an importing �rm (compared to a non importing �rm), with a 72% compliance

rate.

Finally, our analysis only keeps plants that remain in the sample from 1997 to 2008 to avoid e�ects

due to a dropout a�ected by the treatment. This reduces the number of plants by half, from about 7,000

to about 3,500. The results using the entire set of plants are qualitatively very similar.9

4.2 Results: E�ects on the Economic Activity of Manufacturing Plants

We run the regression described in equation 1 to estimate the e�ect of the computerization on plant

level activity. In panel A of Table 2, the e�ect of the interaction CustomsReform ∗ Exposure is the

triple di�erence estimate of the reform on the change in outcome on the importing plants compared

to the non-importing plants, that is, coe�cient β in the equation 1. The second line shows the e�ect

of CustomsReform, δ, which can be interpreted as the double di�erence estimate of the e�ects of the

reforms on non exposed plants. The last row of the panel presents the p-value of the sum of the two

coe�cients, which can also be interpreted as the double di�erence estimate of the e�ect on exposed plants.

Because the standard errors are clustered at the level of the 26 customs, we also show the wild bootstrap

p-value of the triple di�erence estimates.

Inputs is the measure that is expected to be most directly a�ected by the facilitation of imports.

Indeed, we �nd that the reform led to a signi�cant and substantial increase of inputs used by exposed �rms.

Interestingly, it appears that the reform signi�cantly reduced the sales and value added of non-exposed

plants by about 4 and 7 log points respectively. This negative impact is consistent with the competition

e�ect of trade in the literature, discussed previously. Additionally, we �nd that, in comparison to non-

exposed plants, sales grew by an additional 9 log points, and value added grew by an additional 13 log

9The results are available from the authors upon request
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points. When summing coe�cients β and δ for value added, we �nd that value added at the average

exposed plant increased by a signi�cant 6.5 log points (p-value of 0.006). Given that the exposed �rms

represent 96% of the value added of the manufacturing sector, we estimate that the customs reform led

to an increase of about 6% in the average manufacturing plant. We also �nd that the number of workers

and a dummy for whether the plant is exporting both increased signi�cantly at the average exposed

plant, whereas we �nd no signi�cant e�ect on capital. In these 3 cases, we �nd a negative, though

statistically non-signi�cant, e�ect on the non-exposed �rms. Finally our indicators of productivity also

show a signi�cant increase for exposed �rms resulting from the computerization of customs. Both the

e�ect on the value added per worker and the TFP remain signi�cant when summing coe�cients β and δ.

Hence our results show large e�ects of the computerization for the plants that are primary users of the

corresponding customs posts. These e�ects are re�ected in the scale of their economic activity as well as

their productivity. However non exposed �rms appeared to have su�ered from the competition brought

forward by the facilitation of imports.

4.3 Parallel trends and Dynamic E�ects of Computerization

We now extend the triple-di�erences analysis to a dynamic speci�cation that serves two purposes. First,

it provides a check that the parallel trend hypothesis holds during the years that preceded the treatment.

Second, it sheds light on the dynamic e�ects of the treatment, by presenting year-by year changes in the

outcome variables following the implementation of the reform. The approach breaks up the estimation

of the treatment e�ect by year:

Ypct = α+

y=−1∑
y=−3

[βyTcty ∗ If + δyTcty] +

y=4∑
y=1

[βyTcty ∗ If + δyTcty] + λXpct + θp + γt + εpct (2)

where y is equal to the number of years after the reform (if positive) or ( or |y| year before the reform
if negative) with y = 0 on the last year before the reform, which we will refer to as the baseline year.

Hence Tcty is a dummy equal to 1 if customs c at time t has used computers for exactly y years if y is

positive. And if it is negative, Tcty is a dummy equal to 1 if customs c at time t is |y| years before y = 0.

The two exceptions are year Tct−3, which we de�ne as a dummy equal to one for any year that is three

years or more prior to the baseline year for customs post c, and Tct4, which is equal to one if customs

c at time t had been computerized for four years or more. They are included to ensure that the only

omitted year is the baseline year, so that all coe�cients βy can be interpreted as the triple di�erence

e�ect of the year y of treatment, in comparison with the baseline value. 10. Hence βy is our estimation

of the di�erence in the change in Yfct between importing plants and non importing plants after y years

10Our presentation of the results does not include βy≤−3 and βy≥4 since the years for which some observations are
available vary by customs depending on the year of its reform, hence their coe�cients are a mix of selection and time
e�ects, not easy to interpret and not necessary for our analysis.
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of computerization of the assigned custom. Also, similarly to the previous regression, δy is a measure

of the change in the outcome Yfct on non exposed plants that do not import after y years of customs

computerization (compared to a non computerized customs post). Finally βy + δy is the equivalent for

exposed plants.

Under the parallel trend assumption (for a triple di�erence), β−2 and β−1 should not di�er signi�cantly

from 0. The coe�cients β1 to β3 are informative of how the reform a�ected the plants outcomes of

interest over time. The e�ects are expected to be progressive on most economic outcomes given that 1)

the customs itself should adapt to the new technology and progressively learn to make better use of the

data to improve its risk pro�ling, and 2) Inputs from abroad should have e�ects through innovation and

competitiveness that are likely to build up over time.

Panel B of Table 1 presents the results of estimating this dynamic speci�cation, while Figure 3

displays the evolution of the triple-di�erence coe�cient graphically for a few selected outcomes. Outcome

variables for the exposed plants relative to the non-exposed ones are found to be relatively stable, or non

signi�cantly decreasing, in the two years preceding the reform. Of the 16 coe�cients on Y ear of reform−
2 ∗Exposure and Y ear of reform− 1 ∗Exposure none is signi�cant. These results support the parallel
trend hypothesis for the triple di�erence. Parallel trends for non-exposed plants between computerized

and non-computerized custom posts also hold for 14 out of 16 coe�cients (with the exception of the

number of workers, which was decreasing prior to the reform). Moreover, the triple di�erence coe�cient

takes o� once the reform starts, increasing progressively year after year, as anticipated. Consistent

with our prior, the positive e�ect of the reform on the economic activity of the exposed plants grow

progressively as the reform settles.

4.4 Robustness Checks on the Economic Activity of Manufacturing Plants

In this section, we present 3 robustness checks of the main set of results. First one may be concerned by

the limited number of customs (26), and the highly uneven share of trade among customs. In particular,

by itself Bogotá handles 46% of imports transactions and was the �rst to implement the reform. First, the

results include bootstrapped standard errors by customs post to limit inference based on a small number

of customs. Besides this, we present in Appendix Table 2 the eximation of model (1) when excluding,

one by one, the 10 largest customs.11 The results are very consistent, indicating that the �ndings were

not driven by any speci�c customs post.

Second, as described in subsection 3.2, we assigned each plant to the customs post through which

imports by all �rms in the plant's municipality were most likely to go, in the pre-reform period. This

strategy makes the treatment binary, allowing us to examine the parallel trend assumption and dynamic

e�ect of the treatment. However in practice, �rms in the plant's municipality tend to go to multiple

customs posts. Hence in Appendix Table 3, we reproduce the same strategy, but instead of matching

11In fact, for each one of the 10 largest customs separately, the estimation excludes all plants matched with that customs
post
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each plant to the customs post with the highest importations to its municipality, we associate probabilities

that are proportional to the share of imports from each customs post, in the municipality in 1999. Then

the treatment variable indicates the fraction of associated port that underwent the reform. This results

in a continuous treatment variable that can be interpreted as the share of imports that are expected to

go through a computerized customs (based on imports of the municipality in 1999). Appendix Table

2 shows that using a continuous treatment lead to qualitatively similar conclusions with, if anything,

coe�cients of a larger order of magnitude, possibly because of the gain in precision.

Finally, our baseline match is based on location. By looking at customs posts most used used by each

municipality, we tend to match plants with their most accessible customs post. Yet the customs posts

used by a given plant are also largely determined by the type of goods imported, because it a�ects the

country of origin and preferred type of transportation (air, sea or land). In our alternative speci�cation,

we de�ne the treatment as the fraction of inputs of the �rm that is treated, meaning that we list the

inputs used by each plant, and assign to each input a level of treatment equal to the fraction of this input

that goes through a treated customs post.12 The results, which we show in Appendix Table 4 remain

quite similar, both in signi�cance and magnitude of the e�ects, despite using this very di�erent way of

matching the plants to the customs. Similarly to the previous continuous measure of the treatment, it

appears that, if anything, our baseline estimation is underestimating the e�ects of the customs reform.

This speci�cation and the previous one also reduce concerns about having only 26 clusters, since the

treatment is continuous and not tied to a small number of clusters.

5 Mechanisms and Additional Results

5.1 Firm Level Regressions on Facilitation at Customs

This subsection analyzes the e�ects of the reforms on outcomes relating to import transactions, still using

plant and year as the observation. By de�nition, these outcomes exist only for importing plants, so the

comparison with non-exposed plants is no longer possible. We estimate a double-di�erence version of

equation 1 for outcomes from the DIAN database. In particular, we estimate:

Ypct = α+ ρTct + λXpct + θp + γt + εpct (3)

where the notation is identical to the one of equation 1. The coe�cient ρ is the double-di�erence

e�ect of the reform on plants at computerized ports compared to those at non-computerized ports.

Results are presented in Table 2, panel A. We �nd that the reform in the associated port led to

12More speci�cally, we �rst estimate, for each plant, the share of inputs corresponding to each category of good (using
the HS4 codi�cation). Second we estimate, for each category of good, the share of each customs post from which it is likely
to go through. By multiplying the two across all goods that are used by a plant, we obtain the probability that imports of
this plant go through each customs based on its input use in 1999. Finally, we obtain the continuous treatment variable by
multiplying the probability to go through each customs by a dummy for whether the customs was treated at a given year.
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a reduction in the number of days to clear customs by 1.3 days (over an average of 15 days). This

points towards facilitation and a reduction of bureaucracy. However the magnitude of this reduction

is relatively small, and seems unlikely to explain by itself the economic changes observed in the prior

section. Furthermore, the parallel trend of this variable does not hold, potentially casting doubt about

the proper identi�cation of this e�ect.

We also �nd that the ratio of all taxes collected divided by imports declared did not change signi�cantly

after the reform. Hence we can rule out positive e�ects of the reform through a change in tari�s. Tari�s

could have increased if the computerization would make it more di�cult to manipulate the categories of

goods in order to pay a lower tax, however we do not �nd any evidence of this.

We also investigate discrepancies between taxes paid and taxes due, which according to our discussions

with DIAN sta� is a sign of fraud. The reform was expected to improve the communication with the

bank and make sure that payment was made before releasing merchandises. The data include the amount

due (after potential deductions) and the amount that was actually paid by the �rm. It shows a suspicious

5% of cases where taxes due are not entirely paid (often not paid at all). We use as outcome variable the

ratio between the amount paid and the tari� that is due.

As shown in column 3, this discrepancy is signi�cantly reduced by the reform. This indicates that the

reform contributed to a reduction in this form of fraud. One would expect that this would penalize the

�rms which, before the reform, were able to not pay the all the taxes that were due. Finally column 4

shows a signi�cant increase in sanctions after the reform, which may reveal a switch from informal bribes

to formal sanctions.

5.2 Heterogeneous E�ects by Size

We replicate the regression of model (1), by quartile of value added in year 1999 (just before the start of

the wave of reforms). This serves two purposes. First, one can be concerned that, on average importing

plants are larger than non-importing plants, for example, the quartile of smallest plants is comprised of

only 23% of exposed plants compared with 95% for the fourth quartile. Hence comparing plants among

the ones of similar size should limit this concern. Besides this, we are also interested in learning about

how di�erent types of �rms are a�ected.

Our �ndings are presented in Table 3. If we focus on the e�ect of value added from the �rst to the

fourth quartile, we �nd an e�ect of β + δ of 4.8, 16.5, 3.7 and 2.3 log points respectively. Though all

estimations of the e�ects are positive, more signi�cant and larger e�ects tend to concentrate in the second

quartile. This conclusion generally holds for most outcomes (with the exception of physical capital). This

heterogeneity in the e�ect of the reform on economic activity of the plants could be driven by two factors.

First, in standard models of trade with heterogeneous production units, a given reduction in the cost of

trade should lead to heterogeneous e�ects (Melitz, 2003; Fieler et al., 2018). It assumes �xed costs of

trading, such that the most productive businesses, which in turn are the largest, already bene�t from
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importing even if the cost is relatively high. Small plants have a limited ability to bene�t from trade.

And the medium sized plants are the ones that are most likely to extend their trade activity as a result

of the cost reduction. Real-life plants are likely heterogeneous in dimensions not contemplated by this

standard model, which makes it particularly telling that our �ndings relating scale and productivity

square quite well with its basic predictions. The distribution across quartiles of the positive e�ect of the

reform on exporting seems to also support this interpretation. Plants in the second quartile increased

their likelihood by about 7.3 percentage points, which is higher than the change in other quartiles (though

the di�erence is not signi�cant). By contrast, those in the bottom quartile do not increase their likelihood

to export even after the reform.

Second, it is possible that the cost reduction brought by the reform varies by type of �rm, in particular

if, before the reform, some �rms only endured coercive corruption whereas others were better able to

fraud or collude with customs agents. To shed light on this question, we run model (3), again splitting the

sample using the same quartiles, by value added in 1999 and present the results in Appendix Table 5.13

Interestingly, the average ratio of taxes paid over due evolves around 95% to 97% for all quartiles, except

the top quartile, which paid only 76% of the amount due. It is also the only group with a signi�cant

change in this variable, which increased by about 6 percentage points with the computerization. The top

quartile also saw an increase in sanctions following the implementation of the reform. These patterns are

consistent with the fact that large �rms were more able than others to bene�t from special favors, which

was made more di�cult by the reform. It would provide an alternative explanation why we observed in

Table 3 that the top quartile is the one that bene�ted the least from the computerization. Under this

scenario, both collusive and coercive corruption were occurring, but coercive corruption would need to

be predominant for the overall e�ect of the reform to be positive.

5.3 Customs Level Regressions on Activity at Customs

In order to further understand the channels that explain our main �ndings, we also analyze outcomes at

the customs level, still using data from the DIAN. This allows us to observe changes in total number and

value going through the customs, and taxes collected.

Similarly to section 5.1, by construction, this analysis cannot rely on relative exposure to the treat-

ment, hence we resort to a double di�erence strategy, however in this subsection, each observation corre-

sponds to a customs post and year:

Yct = α+ δTct + θc + λXct + γt + εpct (4)

where δ is the coe�cient of interest, which tells us about the change in Yct at the time of the

computerization of customs c, and θc are customs level dummies. Standard errors are clustered at the

13Notice �rst that because only importing �rms remain in this regression, this limits the sample, and generate a di�erence
in the size of the samples left in each quartile, with the bottom quartiles having less observations, and thus being more
noisy. Hence this set of results needs to be interpreted with caution.
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customs level.

We also run an accompanying dynamic speci�cation to check the parallel trend assumption and look

at the dynamics of e�ects. In particular, we run the following regression:

Yct = α+

y=−1∑
y=−3

[δyTcty] +

y=4∑
y=1

[δyTcty] + θc + λXct + γt + εpct (5)

The de�nition of the treatment variables Tcty are analogous to those of the dynamic treatment vari-

ables in the plant-level demand speci�cation 2. Hence, δy assesses the e�ect of the computerization on

Yct after y years when y is positive, and it is used to check the parallel trend when y is negative. Again,

the standard errors are clustered at the customs level. Xpct is the value of transactions in the associated

customs post in 1999 interacted with year dummies, to control for changes over time that vary by initial

size of customs.

The description of the intervention in section 2.2 draws our attention to many possible channels

through which the reform should operate, including a reduction of smuggling, of possibilities to avoid

paying due taxes, and of the customs o�cers' ability to impose arbitrary sanctions and additional taxes.

It is also the case that the facilitation of imports could lead to an increase in imports. These port-level

regressions allows us to assess these channels.

The �rst two columns of table 4A show that the reform was followed by a drastic increase in the

number of transactions (about 83% of its mean), and in the total FOB value of imports (81%). This

increase can either be due to a reduction of smuggling or to an actual increase in imports. Any of

these scenarios is a sign of success for the reform, either because the registration of imports increased,

or because the facilitation generated an increase in imports, or a reorientation of entry ports towards

the most e�cient ones. While the data available do not directly allows us to distinguish between these

di�erent channels, the combination of results that we obtain helps us to at least make some inferences

about it. First, the increase in input use observed in table 2 at the plant level points towards an actual

increase in imports. Interestingly, table 4B shows that the e�ects of the reform on the number of imports

and their total value also increase gradually, following the same pattern as the one observed in input

use. These observations are also compatible with the progressive learning and improvements from the

customs. But the increase in imports at customs appears to be of a greater order of magnitude, leaving

room for other channels to be at play.

We turn our interest to taxes collected at the customs, because it is informative of the channels

through which the economic activities of businesses may be a�ected, but also because tax collection is

in itself an outcome of interest for the country (and its increase was one of the stated objectives of the

reform). Column 3 shows that tax collection increased in large proportions with the reforms, by 70% of

its average value, not because of an increase in the tax rate (which remained constant, as we saw in table

XX), but as a result of an increase in the tax base. However we cannot attribute all this to a country-wide
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increase in tax revenue, since it can also be due a displacement from non reformed customs to reformed

ones as indicated by the following results.14

The last column of table 4A shows the e�ect of the reform on transportation costs (from the exporting

country to the customs). Total transportation costs increased by 110%, hence in greater proportion than

the total value of imports. Both the redirection imports and increase in transportation costs spent to reach

tretaed customs are suggestive of a revealed preference for customs that underwent the computerization.

This is reminescent of the �ndings of Sequeira and Djankov (2014) that �rms in Southern Africa are

willing to increase travel costs in order to go through a less corrupt port.

5.4 Predictability of Time to Clear Customs

We found in the plant-level analysis that the reform reduced the average time a plant's import transactions

require to clear customs by about 1.3 days. However, importers care not only about the average duration

to clear customs but also about its predictability. Theoretical arguments about the cost of corruption

often mention the cost brought by unpredictability. Furthermore, the reform explicitely aimed to reduce

the discretionary power of customs agents, which should result in more predictability for the �rms going

through a computerized customs. Hence in this subesction, we investigate whether an increase in the

predictability of time to clear customs occured with the reform.

In Table 5, we report the R2 of a transaction-level regressions of time to clear customs on transaction

characteristics, including weight, value and dummies for �rm, product and cutoms post. The regressions

include more than a million transactions. The regressions are separated by year and treatment status of

the customs posts, so that it compares the R2 of treated customs to the ones of non treated customs for

each year from 2001 to 2004, which are the years with a mixture of treated and non treated customs. An

additional line pools together all years from 2001 to 2004. We only included characteristics observable

by the �rm, so that a higher R2 can be interpreted as a greater predictability from the perspective of the

�rm going through the customs. Depending on the year, the R2 is signi�cantly higher for computerized

customs posts compared to the non-computerized ones of that same year, with a di�erence that ranges

from 3.3 to 5.6 percentage points. This suggests a facilitation of imports that is re�ected not only in the

reduction in average time to clear customs, but also in the increased predictability for �rms. This is also

consistent with the reduction in the discretionary power of agents that was aimed by the reform.

5.5 Corruption judiciary cases

In this subsection, we add a more direct test of the hypothesis that a reduction in corruption is also part

of the story. We investigate how the reform a�ected the number of corruption cases registered by the

Procuraduría General de la Nación (the General Prosecutor) that were related to DIAN. The variables

are described in Appendix Table 1D. This approach has the advantage of using a direct measure of

14In fact we calculated that total revenues collected at customs increased by about 32% from 1999 to 2008
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corruption, but is limited by the fact that, there are only 37 cases of corruption related to DIAN during

the study period. Hence the results should be interpreted cautiously, as part of a set of evidence that

point towards corruption as being one of the mechanisms at play. 15

We present in Table 6 the estimation of regressions that follow the speci�cation described in equation

4. As outcome, we use the total number of corruption cases related to DIAN (column 1) and a factor

estimated by Principal Component Analysis of the 4 types of violations, to check whether the results

are sensitive to the form of aggregation of the 4 types of violation (column 2). All regressions include

customs and year �xed e�ects, as well as the total number of violations in the custom's municipality that

are not related to DIAN (or the factor in column 2) . Together, this accounts for variations between

customs and changes in corruption and judiciary system over time. Cases not related to DIAN has

a strong predictive power of DIAN related cases and purges the estimation from determinants likely

to be unrelated to the reform, assuming that it had limited spillover on corruption in the rest of the

municipality. Otherwise these regressions are over-controlling and underestimating the e�ect (the results

are robust to not including these controls). The results show a statistically signi�cant drop in the number

of irregularities reported at the DIAN, concurrent with the reform. This is consistent with a reduction

in corruption being part of the channels that explains the large impact on the economic activity of

manufacturing �rms.

6 Conclusion

This paper analyzes the economic consequences for Colombian manufacturing sector of the computeri-

zation of imports declarations, accompanied by a reorganization that automatized many decisions and

limited the discretionary power of customs o�cers. Together, the results show that a reform in the

most accessible customs triggers a progressive and signi�cant growth in the value added of the exposed

�rms, reaching 6% increase in the value added of these plants. This e�ect goes along with a growth in

input use, labor, productivity and the propensity to export. These strikingly strong results goes in line

with a previous literature that shows that import taxes can be quite harmful to �rms productivity and

growth (Tre�er, 2004; Amiti and Konings, 2007; Kugler and Verhoogen, 2009; Halpern et al., 2011), and

another literature showing that the �corruption tax� can have e�ects that are many times larger than an

equivalent formal tax (Wei, 2000; Svensson, 2003). By contrast, the �rms that were not importing may

have been negatively a�ected, potentially as a consequence of their loss in competitiveness compared

to importing �rms. Quite strikingly, data from surveys of manufacturing �rms, customs transactions

and corruption cases all point towards signi�cant improvements for importing plants when their assigned

customs underwent the reform. The results are also robust to assigning customs based on the plant's

15Also an increase in the number of judiciary cases is an ambiguous indicator of corruption, since it may indicate that
there is more corruption, or that corruption is more likely to be detected, hence re�ect an intention by the authorities to
tackle corruption. In this context, because the General Prosecutor is a national institution, we consider that, at a given
period, its intention to prosecute should not vary across customs.
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composition of inputs rather than by proximity, lending further credence to the results.

A rich internal documentation from the DIAN goes in lengths about how the reform would tackle the

�aws in the previous system that were leaving many opportunities for corruption. The qualitative insights

from the documentation describe a reduction in smuggling, a better communication with transporters,

banks and other stakeholders, making fraud much more di�cult, and a reduction in the discretionary

power of customs agents, which led to less complaints about corruption. We use it to guide our empirical

approach of the channels and �nd a high degree of consistency of our results with the qualitative insights.

The customs data on imports con�rm the large increase in registered imports and tax collection, which

appears to be due to a mix of a reduction in smuggling, and an a reorientation of trade �ows, due to

importers willing to travel longer distances to go through the automatized and less corrupt customs

(similar to the results of Sequeira and Djankov, 2014). The reform reduced the manufacturing plants'

time to clear customs at import by about 7% and increased the predictability of the time to clear customs

from the plant's perspective. The reform was followed by a reduction in the discrepancies between the

amount due by importers and the one actually paid. According to the DIAN, this was a fraud in which

plants were taking advantage of the lack of communication between customs and banks. Furthermore

we �nd that the reform was followed by a signi�cant drop in the number of on corruption cases at the

DIAN.

This paper adds to the scarce evidence on the costs of corruption at customs. It highlights the potential

of new technologies to better manage information. By limiting interactions that are prone to corruption,

the intervention reduced the discretionary power of the customs agents. It also allowed decisions to be

based on a more rational use of the information made available by the technology. Such reforms have been

promoted by international organizations, yet with little more than anecdotal evidence and qualitative

studies to back the argument. This study provides new evidence of the large bene�ts of computerization

of imports for the economy. The computerization had an estimated total cost of about nine million

dollars, which is dwarfed by the estimated bene�ts in the form of tax collection and economic growth

. Interestingly, engineers from the DIAN reported how challenging it was to obtain funding to support

the development of the project. This paper provides strong evidence that when properly implemented,

such investment can have a high return for the economy. The conditions that allowed this reform to be

successful remain to be explained further, though in Colombia, the program was developed internally

for three years prior to its �rst implementation. The internal documentation highlights that �it has

been of singular importance for technology-process integration, that the Siglo XXI project has not been

conceived exclusively by a software engineering team, but as a working group, with the inclusion between

customs experts and the engineers who developed the application, in perfect collaboration with external

users (customs users and unions)�. We intentionally provide a fair amount of details about the content

of the reform so that it can be insightful to the implementation of other customs reforms based on the

automation of multiple tasks in other countries, which have not yet undergone such reform.

Rigorous evidence of successful attempts to tackle corruption remain relatively rare, in particular at
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customs level. Hence the importance to draw lessons from this case. This paper supports a growing

evidence on the large bene�ts of proper use of information and communication technologies as a tool

to improve institutions, reduce bureaucracy and tackle corruption. An interesting features that emerges

from the qualitative and quantitative analysis is that a proper use of information technology implies

increasing some information �ows (e.g. to increase accountability), but also intentionally cutting some

information links (when the risk of coercion or collusion is high). We see a better understanding of such

feature in order to make the most of information technologies that were not available a few years ago as

a promising area for research, institutional development and economic development.
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Figure 1: Proportion of imports in Colombia declared by Computer

Figure 1 presents the proportion of import transactions in Colombia that were declared by computer.

Using data from the DIAN from 1994 to 2014, we calculated by month, the average across all transactions

of a dummy equal to one if the transaction was declared by computer.
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Figure 2 Proportion of imports Declared by Computer in 15 Largest Customs

Figure 2 presents the proportion of imports declared by computer for each one of the 15 largest

custom posts. Using data from the DIAN from 1994 to 2014, we calculated by month the average across

all transactions of each customs post of a dummy equal to one if the transaction was declared by computer.
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Figure 3: Dynamic triple di�erence e�ect of the customs reform on key outcomes

Figure 3 provides a visual representation of the triple di�erence e�ects of changes at plant level before

and after the reform, corresponding to model (2) and presented in Table 1B.
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APPENDIX

Figure A1 Time to Clear Customs when Importing to Colombia

Figure A1 presents the average time to clear customs during an import transaction in Colombia.

Using data from the DIAN from 1994 to 2014, we calculated by month, the average time all import

transactions.
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