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Abstract 

 

We provide new evidence on the prevalence and consequences of corruption in a developing 

country context. Based on rich administrative transaction-level data from Madagascar customs 

merged with data from the port authority and a partner institution, we construct novel measures to 

detect collusion between inspectors and brokers, resulting from deviations from the official rules 

in the allocation of import declarations to inspectors. We show that import declarations suspect of 

collusion are significantly riskier, as measured by risk scores, likelihood of being recommended 

for physical inspection and of being subject to reference value advice. Importantly, we show that 

declarations suspect of collusion have significantly higher ex-ante declared values, total taxation 

rates and undervaluation (measured by gaps relative to external reference values and prices) and 

hence embody higher potential tax revenue losses. Our estimates also document clear-cut evidence 

of a differential treatment provided by inspectors to the declarations of brokers they may be 

colluding with. Inspectors give priority to and assess significantly faster those declarations, they 

scan them less frequently and change less frequently the inspection channel. Suspicious 

declarations are still significantly undervalued and have still significantly higher potential tax 

revenue losses after the inspector’s assessment process and the her/his ensuing adjustments to the 

declared import value. 
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1. Introduction 

Corruption is prevalent in developing countries and constitutes an obstacle to their growth (Olken 

and Pande, 2013). Anecdotal evidence suggests corruption is particularly prevalent in customs. 

Tax evasion that limits countries’ fiscal capacity is pervasive in the developing world (Besley and 

Persson, 2013) where revenue collected by customs agencies still accounts for a sizeable fraction 

of overall tax revenues. But to date there is no systematic information on the frequency and severity 

of corruption and collusive agreements in customs and on the ensuing tax evasion and revenue 

losses. 

 In this paper we begin to fill in this gap exploiting rich novel highly disaggregated 

transaction-level import customs data for Madagascar over the 2015-2017 period and examining 

interactions between customs inspectors and brokers. The 6th poorest country in the world with a 

GDP per capita of USD 402 as of 2015, Madagascar provides an ideal context to examine collusion 

in customs and its tax evasion consequences. With a tax to GDP ratio of 10 percent, its revenue 

mobilization is among the weakest in Africa. Customs revenues account for 44 percent of overall 

tax revenues, despite substantial tariff evasion which is estimated to lead to revenue losses 

equivalent to at least 30 percent of non-oil revenues (Chalendard et al., 2016).1 The focus on 

customs inspectors is novel and particularly interesting in Madagascar where such positions are 

highly desired due to the attractive salaries (whether these include corruption or not). In 2017, 

15,000 candidates applied for a 300-position recruitment program launched by Madagascar 

customs. Even more importantly, examining collusion between customs inspectors and brokers in 

Madagascar customs is particularly interesting because performance-based pay contracts for 

inspectors were recently implemented in Madagascar’s main port (in September 2016) with the 

aim to incentivize inspectors to curb tax evasion and illicit financial flows and expedite customs 

clearance. 

Our approach to detect collusion relies on the data forensic analysis of deviations from 

official rules in the allocation of import declarations of brokers to inspectors. Such allocation is 

performed by an information technology (IT) system in a way that should allocate an incoming 

import declaration from a given broker randomly to inspectors, conditional on their workload and 

average productivity (in the task of clearing customs for declarations). We construct a measure 

                                                           
1 Tariff evasion is estimated based on a mirror statistics study of trade flows, a type of approach that will be discussed later in the 

section. 
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identifying excessive interaction for each broker-inspector pair which we deem to be suspicious 

of collusion arrangements. Empirically, we detect collusion in 10% of import declarations over the 

period 2015-2017. 

We conduct several exercises to ascertain that what we measure is indeed collusion. First, 

the incentives for collusion and cheating would increase for import declarations at a higher risk of 

customs fraud and tax evasion. Indeed, we provide econometric evidence that declarations handled 

by brokers and inspectors that interact excessively are significantly riskier: they have higher risk 

scores, are more likely to receive an ex-ante recommendation to go through a physical inspection 

(red channel), and are more likely to be subject to advice on a reference value, which is provided 

by an external entity only for declarations deemed riskier. Importantly, we also show that 

declarations of brokers that interact excessively with certain inspectors are those with the highest 

stakes: they have significantly higher ex-ante declared value, total taxation rates, and 

undervaluation (measured by larger gaps relative to external reference values and prices) and 

therefore embody significantly higher potential tax revenue losses. 

Second, we provide clear-cut evidence that inspectors treat differentially the declarations 

of brokers that they interact with excessively frequently and with whom they may be in collusive 

arrangements. Inspectors give priority to and assess significantly faster those declarations. 

Additionally, inspectors scan significantly lower shares of containers in those suspicious 

declarations and change their inspection channel less frequently. Suspicious declarations are still 

significantly undervalued after the inspector assessment process and the ensuing adjustment she/he 

does to the declared value. Focusing on a measure that captures the fraction of undervaluation that 

is corrected by the inspector in her/his assessment process, our estimates show that inspectors 

make a 31 percentage-point smaller adjustment to the undervalued declared value of suspicious 

declarations, relative to non-suspicious declarations. Moreover, even after accounting for 

adjustments to import value made by the inspector, the potential total tax revenue losses are still 

significantly higher for suspicious declarations.  

This paper relates to a body of literature on corruption and on tax evasion particularly in 

developing countries, comprehensively reviewed in Olken and Pande (2013) and in Besley and 

Persson (2013). Our paper also relates to a recent strand of the literature that focuses on the role 

of bureaucrats for public sector outcomes, such as local tax collection (Dincecco and Ravanilla, 

2017). More specifically our paper contributes to the smaller literature on corruption and duty 
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avoidance in customs whose key papers are Yang (2008); Dutt and Traca (2010); Sequeira and 

Djankov (2014), and Sequeira (2016) as well as to the literature on tariff evasion, pioneered by 

Bhagwati (1964, 1967) and popularized by Fisman and Wei (2004), that has examined 

discrepancies between trade flows reported by trading partners, referred to as “mirror statistics,” 

to assess the extent of tariff evasion.2 Of particular relevance is the evidence in Sequeira (2016) 

who shows that tariff evasion is a central reason for bribery in customs when tariffs are high, and 

that tariff liberalization between South Africa and Mozambique reduced substantially the 

frequency and size of bribes paid by importers to customs officials. Our work differs from this 

prior literature in that is conducts a forensic data exercise to detect collusion between customs 

inspectors and brokers in Madagascar based on highly-disaggregated administrative data rather 

than on highly-disaggregated but perception-based data or on administrative data but more 

aggregate (mirror statistics study of trade flows). 

The paper is organized as follows. Section 2 describes risk management procedures and 

the import clearance process in Madagascar. Section 3 describes the data. Section 4 describes the 

identification and measurement of collusion risk and the characteristics of declarations that are 

suspect of collusion. Section 5 investigates whether customs inspectors treat differentially the 

declarations that are suspect of collusion and provides estimates of the costs of collusion. Section 

6 examines the role of a reform to inspectors’ incentives on collusion and differential treatment. 

Section 7 concludes.  

 

2. Risk management and import clearance process in Madagascar 

Customs agencies have three concurrent missions: (i) collecting revenue, (ii) facilitating trade, and 

(iii) ensuring security (De Wulf and Sokol, 2005; McLinden et al, 2011). While a comprehensive 

discussion on the principles and operations of customs agencies is beyond the scope of this paper, 

below we describe risk management systems that affect one of the crucial tools customs agencies 

have to conduct their missions, that is, the physical or documentary inspections of shipments 

crossing national borders.3 

                                                           
2 The discrepancies between trade flows reported by trading partners, often referred to as “evasion gaps”, are shown to vary with 

tariff rates and product characteristics (Javorcik and Narciso, 2008; Fisman and Wei, 2009), enforcement (Mishra et al., 2008), 

customs organization and country characteristics (e.g., level of corruption, see Jean and Mitaritonna, 2010; Carrère and Grigoriou 

2015; Javorcik and Narciso, 2017) and political connections (Rijkers et al., 2016). 
3 Details on the customs administration in Madagascar are provided in Chalendard et al. (2016). 
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In all countries around the world, Madagascar in particular, imports and exports may be subject 

to inspections because tariffs, VAT and excise taxes are collected or to fight illegal trade. But not 

all declarations are inspected in Madagascar as the country's customs inspection regime employs 

risk management. 

Risk management systems - considered to be international best-practice - employ statistical 

targeting of shipments based upon several variables that are retrieved automatically from the 

import declaration. The technical customs literature suggests that the firms involved in the 

transaction, the product, and the origin country are key shipment characteristics influencing the 

risk of the shipment. Risks associated with trading firms’ non-compliance may be multi-

dimensional, but in developing countries the key risk is lost revenue due to tariff and tax evasion 

(that may occur via misclassification of goods or misreporting for example). Sophisticated risk 

management systems employ a statistical model including a vector of predetermined weights that 

are applied to the variables retrieved from the import declaration and are combined with the 

electronic data to generate a risk score for the shipment. The risk score determines the probability 

of inspection and the rigor of the inspection should it occur.4 High-risk shipments face the highest 

degree of scrutiny via physical inspection whereas lower-risk shipments are given less scrutiny, 

being subject to documentary inspection only.5  

In Madagascar, risk management is used in the recommendations for each incoming import 

declaration of a specific clearance channel by two entities: Gasynet –described below– and the 

Customs administration. Their clearance channel recommendation can be either yellow, red, or 

blue channels. Shipments selected for the red channel are subject to physical inspection and 

documentary control, shipments assigned to the yellow channel undergo only document control, 

and shipments designated to the blue channel benefit from immediate release with no inspection, 

which occurs in Madagascar when importers are members of a special customs accelerated 

clearance program.  

                                                           
4 Laporte (2011) and Geourjon et al. (2013) describe how simple statistical targeting models and scoring techniques exploiting 

shipment characteristics are used by the customs administration in Senegal to assess risk and effectively limit physical inspections.  
5 In more advanced risk management systems, a small proportion of low-risk shipments are randomly selected to be subject to 

physical inspection. Such random selection is both an enforcement tool used to check compliance as well as a strategy to facilitate 

the updating of risk parameters used in the quantitative model used to target shipments for selection. Evidence of tariff evasion or 

other forms of non-compliance observed in the inspections is fed back into the risk model, raising the probability of inspection 

attached to subsequent shipments with similar characteristics. The risk management unit of Madagascar’s customs administration 

does not employ currently such an advanced risk management system. 
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Appendix Figure 1 shows a detailed scheme with the customs clearance process in 

Madagascar. The clearance process starts at time 0, before goods are shipped, when the advance 

cargo information –Bordereau de Suivi des Cargaisons– for the import declaration is electronically 

submitted and received by Gasynet, a Malagasy company who came into existence from a private-

public-partnership between the Malagasy government and the Swiss Société Générale de 

Surveillance (SGS) company. Gasynet is charged with monitoring and screening incoming import 

declarations and it provides for each a risk score based on its internal risk model (using the advance 

cargo information) and a clearance channel recommendation (along with qualitative comments 

justifying the recommendation). Gasynet also provides reference values for a subset of import 

declarations (around 6%) based on the SGS proprietary reference price database and a network of 

offices/representatives in exporting countries. Gasynet has also developed some interfaces 

between systems, such as for scanning inspection and the use of electronic devices for physical 

inspections for better tracking of inspections and some possible corruption.6 At time 1, the 

container with the imported goods arrives to the port of Toamasina and its capacity and weight are 

measured by the Container Terminal Services agency. At time 2, the broker –act as a representative 

of the importer– submits electronically the import declaration to the Customs Administration.7 The 

ASYCUDA risk management system automatically routes the import declaration to a clearance 

channel. The risk management team also conducts its risk analysis based on the import declaration 

information and recommends a clearance channel (along with qualitative comments justifying the 

recommendation). At time 3 the import declaration is allocated to a frontline customs inspector by 

the ASYCUDA IT system –and we will return to this allocation that is crucial for our identification 

of collusion in Section 4. The inspector conducts her/his clearance task that consists in first 

examining the information in the import declaration as well as the three clearance channel 

recommendations and taking a decision on which clearance channel to effectively subject the 

declaration to. This may involve no change, an upgrade or a downgrade relative to clearance 

channel recommendations (which may not be consensual among them anyway). If the red channel 

is selected, the inspector examines all documents, examines the results from a scan order to the 

container(s), then physically inspects the container(s), possibly opening of boxes inside the 

container(s) and taking of samples. If the yellow channel is selected, the inspector only examines 

                                                           
6 Gasynet is also charged with screening export declarations and it also developed the single window system in Madagascar and is 

striving to expand its coverage to more stakeholders. 
7 Some importers do not use brokers as representatives but submit themselves the import declaration. 
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the documents. Based on all the information gathered in the documentary control and the physical 

inspection the inspector produces an audit report where she/he indicates whether adjustments to 

the import value or quantity or product classification are to be made. At time 4, the inspector 

assesses the duties and taxes based on the final value of the import declaration and clears the 

declaration for release of goods to the market. 

 

3. Data 

From Madagascar’s customs administration we obtained highly disaggregated administrative data 

tracking imports at the transaction level for the period 2015-2017 (extracted through the 

ASYCUDA ++ system). For each import declaration, ASYCUDA data covers: the seaport of entry, 

the HS 8-digit products included (designated as items) and for each item the import value (in 

Madagascar Ariary) and weight (in kilograms), the country of origin and the country of provenance 

(transit), the dates/times of registration, clearance, and other relevant dates/times in the customs 

clearance process (day/month/year/hour), the inspection channel initially recommended by (i) the 

risk management system ASYCUDA++ and (ii) by the risk management team; unique numeric 

identifiers for the broker and for the importing firm, a unique numeric identifier for the customs 

inspector assigned to handle the declaration, results from a scanner exam that precedes physical 

intrusive inspection, total tariff and tax rates applicable (and exemptions), total taxes paid, fraud 

record (type of fraud identified and fines imposed).  Our analysis will rely on import data at the 

declaration level, even though some of the variables that we will use are constructed based on the 

most disaggregated data at the item level (where an item is an HS 8-digit product), computing 

sums or averages across items in a given declaration. In particular, we will construct measures that 

rely on unit prices for each item defined as ratios between value and weight.  

Madagascar’s raw customs transaction-level data is comprehensive in that it covers the 

universe of Madagascar formal import transactions. At its most disaggregated level, the raw 

customs data covers five types of imports —final imports for consumption, re-imports, temporary 

admissions, inward processing, warehouse, and other— but our analysis focuses on imports for 

home use (personal import included, customs regimes: IM4 and IM9) and re-import (customs 

regime: IM6) into the main port of Toamasina only. The main port accounts for 54% of the total 

number of import declarations (84% if we do not consider airports) and 75% of total annual import 
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value (85% if we do not consider airports), on average, across the period ranging from January 

2015 until September 2017.  

We also obtained from Madagascar’s customs administration a separate dataset with 

internal control system information that was merged to the import transaction-level customs data 

covering modifications done during the customs clearance process to: the inspector handling the 

declaration, the inspection channel that the import declaration effectively goes through, the import 

value, the import weight, and the associated taxes. 

We obtained from Gasynet complementary data for a large fraction of the import 

declarations that is merged to the import transaction-level customs data on a risk score (related to 

the risk of non-compliance with customs regulations ranging from 1 to 9) and a recommendation 

of an inspection channel (documentary control, physical frontline inspection or no inspection).  

Using its own proprietary reference price database, Gasynet also provides valuation advices 

(Valitrade advices). Since this service is costly, valuation advices are carried out for only a subset 

of declarations (about 6% annually). The selection of the 6% of declarations is based on their 

perceived degree of riskiness.   

We obtained from the company in charge of managing the container terminal in Toamasina 

—Madagascar International Container Terminal Services (MICTS) — complementary data for 

each container that arrives to the port of Toamasina on its weight (expressed in kilograms) and its 

size (expressed in twenty-foot equivalent unit or TEU units) as measured by weighing at a scale 

upon arrival. This data is merged to the customs data at the declaration level, keeping in mind that 

a given import declaration may correspond to a single container in its entirety, to multiple 

containers in their entirety, or to a portion of a container only. In the latter case we are unable to 

merge data on container weight to a particular declaration in the customs data. Hence, when using 

this container weight and size information we will be relying on smaller numbers of observations. 

An additional source of data we rely on is COMTRADE from which we obtain export 

flows – values and quantities – at the HS 6-digit-country-year level for all of Madagascar’s trading 

partners in 2015 and 2016.  We use this mirror trade data of flows being imported by Madagascar 

to construct exogenous benchmark/reference prices to which we will compare the unit prices of 

the items included the import declarations in the Madagascar customs data (as will be defined 

below). Specifically, we define an external reference unit price (ERUP) as the unit price (the ratio 

of export value to quantity in kilograms) at the HS 6-digit-country-year level. For a given HS 6-



9 
 

digit-country item in 2017, we the corresponding unit prices in 2016 since COMTRADE data is 

not available for 2017 yet. 

For our analysis on collusion, its determinants, and its consequences we will use as key 

variables proxies for collusion that are described in detail in Section 4. Additionally, we rely on 

three groups of variables:  

(i) ex-ante risk characteristics and other characteristics of the import declaration (customs 

clearance channels proposed by actors involved in the risk assessment process (Gasynet, 

ASYCUDA++ and the customs risk management team), ex-ante price gap, ex-ante weight gap, 

ex-ante value gap, ex-ante tax or tariff revenue losses;  

(ii) inspector actions (e.g., modification of the customs clearance channel, value adjustment, 

share of containers scanned, priority treatment of the declaration);  

(iii) customs outcomes (ex-post price gap, ex-post weight gap, ex-post value gap, ex-post tax 

or tariff revenue losses, assessment time).  

The precise definition of each of the variables used is provided in Appendix Table 1. We 

describe here the construction of our price, weight, and value gaps - which benchmark the 

information included in the import declarations to external prices, weights, or values - and our 

potential tax and tariff revenue losses, all of which are crucial variables in our subsequent analysis. 

To construct these gaps, we rely on three benchmarks from external sources, that are (inasmuch as 

possible) exogenous to the actions of the brokers and the customs inspectors. The three external 

benchmarks are as follows. The external reference average price is defined as the weighted average 

of the ERUPs for all HS 6-digit-country items included in the import declaration, where the 

weights are each item’s ex-ante declared weight (tons). The external reference weight is the weight 

of the declaration’s container(s) measured at the port. The external reference value is defined as 

the product between the external reference weight and the external average reference price. 

On the one hand, we define three ex-ante gaps. The ex-ante average price gap is given by 

the difference between the logarithm of the external reference average price and the logarithm of 

the average unit prices in the declaration (which are a weighted average across all HS 8-digit-

country items in the declaration of their unit prices (the ratio of declared value to declared weight), 

where the weights are each product’s ex-ante declared weight (tons)). The ex-ante weight gap is 

given by the difference between the logarithm of the external reference weight and the logarithm 
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of the ex-ante declared weight. The ex-ante value gap is given by the difference between the 

logarithm of the external reference value and the logarithm of the ex-ante declared import value.  

On the other hand, we define three ex-post gaps, after the customs clearance process, that 

is, after inspectors make any needed adjustments to values and weights. The ex-post average price 

gap is given by the difference between the logarithm of the external reference average price and 

the logarithm of the average adjusted unit prices in the declaration (which are a weighted average 

across all HS 6-digit-country items in the declaration of their unit prices (ratio of adjusted value to 

adjusted weight), where the weights are each item’s adjusted weight (tons)). The ex-post weight 

gap is given by the difference between the logarithm of the external reference weight and the 

logarithm of the adjusted weight. The ex-post value gap is given by the difference between the 

logarithm of the external reference value and the logarithm of the adjusted import value. For both 

ex-ante as well as ex-post gaps, larger values of the variables indicate more under-pricing, more 

under-weighing, or more under-valuation of the declaration.  

Additionally, we define ex-ante as well as ex-post potential tax revenue losses [or tariff 

revenue losses]. Ex-ante potential tax revenue losses are given by the ex-ante value gap multiplied 

by the total taxation rate [or the average tariff rate] of the declaration. Ex-post potential tax 

revenue losses are given by the ex-post value gap multiplied by the total taxation rate [or the 

average tariff rate] of the declaration.  

Next, we discuss the restrictions imposed to obtain our final sample used in Section 4 and 

subsequent sections. Firstly, as mentioned above, given the fact that the activity of seaports other 

than Toamasina is low, we restrict our study to Toamasina. Notice also that data are of less good 

quality in minor seaports. Secondly, we exclude from the sample import declarations that are not 

controlled by customs frontline inspectors (implying that imports benefitting from the accelerated 

clearance program are excluded) and import declarations including at least one good not assessed 

by customs inspectors (vehicles).  Thirdly, due to poor quality of COMTRADE data for oil 

products, we exclude oil imports. Fourthly, in order to increase the relevance of our collusion 

proxy, we remove from the sample declarations handled by brokers that do not interact frequently 

with customs (i.e., brokers that register less than 50 declarations per semester). Similarly, we do 

not compute our collusion proxies if, for a specific semester, the inspector worked only a small 

number of days. Specifically, we do not consider declarations assessed by inspectors if the 

inspector was relocated (moved in/out of Toamasina) during the semester and worked less than 
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two months at Toamasina Port. The final sample (i.e., the sample obtained after imposing all 

aforementioned restrictions) accounts for 79% of the total number and 83% of the total import 

value of import declarations that were under the control of customs inspectors and cleared at 

Toamasina Port. 

 

4. Detecting collusion 

This section describes the strategy we use to identify declarations subject to the risk of collusion, 

which will be declarations handled by customs inspectors who interact excessively frequently with 

certain brokers and/or importers, relative to what would be expected if official rules were 

respected. 

 

4.1 Detecting deviations from official rules in allocation of declarations across inspectors 

Our identification of suspect declarations relies on detecting deviations from official rules/formal 

procedures in the allocation of incoming declarations to customs inspectors. According to official 

rules, an incoming declaration should be allocated to whichever inspector has the lowest workload, 

i.e., the lowest number of pending declarations, and is active, i.e., connected to the IT system, 

ASCYCUDA, which allocates the declarations. The official rules allow for productivity 

differences across inspectors: a highly productive inspector will get, on average, more declarations 

than a poorly productive inspector. Yet, the assignment of declarations to inspectors is supposed 

to be random conditional on her/his productivity. The initial allocation of declarations is done 

automatically by the ASYCUDA IT system. 

These official rules imply that the share of all declarations that a given inspector handles, 

which we will refer to as her inspection share (analogous to the concept of market share in 

industrial organization) can vary across inspectors, depending on their productivity, but should not 

vary systematically across brokers, unless there was a manipulation of the IT system. That is, all 

inspectors should have, for a given broker, an inspection share close to their average inspection 

share.  

To assess whether this is indeed the case we consider the import declarations registered by 

a specific broker during a semester (this defines a ‘market’) in a given port. The port will be fixed 

throughout the discussion in this section so we will not identify it by a specific subscript in the 

equations below. For each broker we consider the inspection share of each inspector given by the 
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percentage of import declarations inspected by that specific inspector in a given semester defined 

as:  

𝑆𝑖𝑏𝑡 =
𝑛𝑖𝑏𝑡

∑ 𝑛𝑖𝑏𝑡
𝑘
𝑖=1

   (1) 

where 𝑛𝑖𝑏𝑡 is the number of import declarations registered by broker b in semester t that are 

allocated to inspector i and k is the total number of inspectors active in that semester.  

We compare the market share in Equation (1) to the expected market share that would arise if 

the allocation of import declarations to inspectors respected the official rules, which we predict 

using a multinomial distribution. The probability of observing a particular distribution 

(𝑋1𝑏𝑡, 𝑋2𝑏𝑡, … , 𝑋𝑘𝑏𝑡) of declarations of a given broker b across inspectors 1,2,…,k in semester t 

(where ∑ 𝑋𝑖𝑏𝑡 = 𝑛𝑏𝑡
𝑘
𝑖=1  is the number of import declarations registered in semester t by broker b) 

given inspector productivities (𝑝1𝑡, 𝑝2𝑡 , … , 𝑝𝑘𝑡) is: 

(𝑋1𝑏𝑡, 𝑋2𝑏𝑡, … , 𝑋𝑘𝑏𝑡/𝑝1𝑡, 𝑝2𝑡 , … , 𝑝𝑘𝑡) =
𝑛𝑏𝑡!

∏ 𝑋𝑖𝑏𝑡!
𝑘
𝑖=1

∏ 𝑝𝑖𝑡
𝑋𝑖𝑏𝑡𝑘

𝑖=1   (2) 

We define inspector productivity 𝑝𝑖𝑡 to be the ratio between the total number of import declarations 

handled by inspector i in semester t and the total number of import declarations in semester t (with 

∑ 𝑝𝑖𝑡 = 1𝑘
𝑖=1 ). By implication, what we are assuming is that for each inspector i, the probability of 

receiving 𝑋𝑖𝑏𝑡 import declarations from the total number of declarations registered by broker b in 

a given semester t follows a binomial distribution with probability p being equal to 𝑝𝑖𝑡, that is, the 

inspector share of overall import declarations handled in the semester. Since the properties of the 

multinomial and binomial distributions are well known we can readily assess for each broker and 

inspector whether the observed inspection share is statistically significantly different from the 

predicted inspection share under random allocation. 

 Before showing the results from the comparison between the observed market shares and 

the predicted market shares, it is important to make a few remarks regarding the final sample used 

for the calculations that is subject to several restrictions described in Section 3. The exclusion of 

firms that are members of the accelerated clearance program is crucial for two reasons. The first 

reason is that these firms are exempted from customs inspections, even though they are subject to 

ex-post audits and random controls, which happen very infrequently. The second reason is that the 

accelerated clearance program was reformed repeatedly in recent years as selection criteria and 

their enforcement varied and excluding firms that were ever granted accelerated clearance status 

minimizes the influence of changes in sample composition. The restriction of the sample to include 
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only brokers who register at least 50 import declarations per semester, is useful both to avoid 

potential small sample biases but also because collusion is more likely to arise in the presence of 

repeated interaction when the ability to punish deviations from collusive arrangements is greater.  

Figure 1 shows overlaid histograms of the observed distribution of the share of declarations 

of a given broker cleared by a specific inspector (the darker bars) and the predicted distribution 

one would expect if official rules were adhered to (the lighter bars). Clearly, the observed density 

distribution of markets shares by broker has a significantly higher dispersion and has more mass 

in the upper tail than the predicted distribution. This implies that, relative to the distribution of 

expected inspection shares, the observed allocation of declarations is characterized by excess 

interaction of some inspectors and brokers. The plot below the density distributions shows the 

cumulative distribution of inspector shares by broker, which also indicates excess mass in the 

upper tail of the distribution. The equality of the two distributions is rejected at the 1% significance 

level. Prima facie, this is evidence of deviations from official rules in the allocation of import 

declarations of a given broker across inspectors.  

To identify which declarations are handled by brokers and inspectors that interact 

excessively frequently with each other we compute for each inspector and broker combination in 

each semester t a measure of excess market share. This measure is defined as the difference 

between the observed inspector share of inspector i of broker b minus the expected inspector share 

share of inspector i of broker b. Using this measure of excess market share, we construct an ‘excess 

interaction’ indicator variable taking a value of 1 if excess market share exceeds 5% and the null 

hypothesis that the observed inspector share is consistent with formal allocation rules is rejected 

at the 0.1% significance level (i.e. p-value of 0.001), and taking a value of 0 otherwise. In all our 

econometric analysis this excess interaction indicator variable will be our variable of interest in 

measuring collusion. 

Table 1 provides summary statistics on the prevalence of collusion risk across brokers and 

inspectors in the Toamasina port over the 2015Q1-2017Q3 period. A total of 114 broker-inspector 

pairs are in excess interaction out of a total of 1,834 pairs registering and handling imports over 

the period. These 114 pairs are in excess interaction at least one semester but of these 14 are in 

excess interaction in all semesters. The broker-inspector pairs at a risk of collusion handle 4,690 

declarations, which represent more than 9% of all import declarations handled in Toamasina over 

the 2015Q1-2017Q3 period. The import declarations handled by broker-inspector pairs with a 
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collusion risk account for 8% of total import value and 8% of total import volume (weight) to 

Toamasina over the 2015-2017 period. 

 

4.2 Characteristics of suspicious declarations  

Are the declarations treated by inspectors who interact excessively frequently with a broker 

somehow special? If the excess interactions were the product of accidental deviations from official 

rules in the allocation of import declarations, then these declarations should not systematically 

differ from any other declarations. In contrast, if the excess interactions are the product of 

deliberate manipulation of the IT system in order to allocate a preferred inspector with whom the 

broker has a collusive arrangement, then a higher ex-ante risk of customs fraud, which would 

indicate higher susceptibility to tax evasion, would be expected for such declarations.  

 To test whether excess interaction between brokers and inspectors is associated with an 

elevated risk of customs fraud, we first estimate unconditional correlations between the excess 

interaction indicator variable and each of a set of declaration characteristics linked to ex-ante risk 

of customs fraud via simple ordinary least squares (OLS) regressions of the form: 

𝑥𝑖𝑏𝑡 = 𝛼𝐸𝐼𝐴𝑖𝑏𝑡 + 휀𝑖𝑏𝑡      (3) 

where i is an inspector, b a broker, t a semester in the 2015-2017 period and 𝑥 is a characteristic 

of the import declaration linked to ex-ante risk of customs fraud mentioned in Section 2. The 

estimates of Equation (3) are presented in Table 2 and inference is based on robust standard errors 

with White correction for heteroskedasticity clustered by inspector. This type of clustering 

accounts for serial correlation within a given inspector.  

The estimate in column (1) shows that, on average, declarations handled by inspectors who 

interact excessively frequently with the same broker have a risk score that is 1.2 points higher than 

declarations handled by inspectors that are not interacting excessively frequently. Those 

declarations are also more likely to receive an ex-ante recommendation to be routed through the 

red channel (implying a frontline physical inspection is required) and to be subjected to a Valitrade 

advice (i.e., to be part of the 6% of declarations for which Gasynet provides a valuation advice 

against which to compare the declared value). Of particular interest is the result in column (3) that 

declarations handled by inspectors who interact excessively frequently with the same broker are 

7% more likely to be have all ex-ante recommendations for a red channel, that is, to be those 

deemed to be at risk of customs fraud uniformly across entities and systems - the ASYCUDA IT 
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system, Gasynet, and the risk management unit of the customs administration. The total taxation 

rate faced by suspicious declarations is on average 5 percentage points higher (column (5)), their 

ex-ante declared value is 17 percentage points higher (column (6)) and their ex-ante declared 

weight is 51 percent higher (column (7)), relative to those of declarations handled by brokers and 

inspectors that do not interact excessively with one another.  

Importantly, although the suspicious declarations are shown to be larger orders/shipments, 

the estimates in Table 2 suggest that they may be undervalued. Column (8) shows that the ex-ante 

value gap is 58% larger for suspicious declarations. Column (16) shows qualitatively similar 

results for an ex-ante value gap relative to the Valitrade provided value, but for a much smaller 

sample. The ex-ante average price gap in column (9) is 58% larger for suspicious declarations. The 

ex-ante weight gap does not differ across systematically across suspicious versus non-suspicious 

declarations.  

Columns (11) and (12) show that, on average, declarations handled by inspectors who 

interact excessively frequently with the same broker have a significantly higher ex-ante potential 

total tax revenue loss and a significantly higher ex-ante potential tariff revenue loss than other 

declarations.  

Finally, suspicious declarations are significantly more likely to include different HS6 

products – a feature that in risk management systems is associated with high risk – and to include 

a larger fraction of differentiation products. But their actual product composition in terms of time-

sensitive products is not different from that of other declarations. Note that qualitatively similar 

findings to those in Table 2 were obtained using OLS regressions as well as local polynomial plots 

of various declaration characteristics against the (continuous) excess market share variable. 

As a complementary exercise to confirm the link between excess interaction between 

brokers and inspectors and potential customs fraud, we estimate by OLS a specification for the 

determinants of excess interactions including most of the risk characteristics used in Table 2 but 

also a rich set of fixed effects to account for additional important characteristics of the declaration 

as in: 

𝐸𝐼𝐴𝑖𝑏𝑡 = 𝛿𝑋𝑖𝑏𝑡 + 𝐼𝑐𝑜𝑢𝑛𝑡𝑟𝑦 + 𝐼𝐻𝑆2 + 𝐼𝑚𝑜𝑛𝑡ℎ−𝑦𝑒𝑎𝑟 + 𝑢𝑖𝑏𝑡    (4) 

where 𝐼𝑐𝑜𝑢𝑛𝑡𝑟𝑦 are source country fixed effects,  𝐼𝐻𝑆2 are HS 2-digit fixed effects, 𝐼𝑦𝑒𝑎𝑟−𝑚𝑜𝑛𝑡ℎ are 

month-year fixed effects, and X is a vector of declaration characteristics. The estimates of Equation 

(4) are presented in Table 3 based on robust standard errors clustered by inspector. We use a linear 
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probability model rather than a probit given the large number of fixed effects. The use of a linear 

probability model has the shortcoming that the predicted probabilities may not be meaningful since 

they can lie outside of the [0,1] interval. To avoid this shortcoming, we examine the findings in 

Table 3 from a qualitative perspective only. 

 First, we include in vector X a baseline set of characteristics: the declaration risk score, the 

initial recommendation for a red channel, the indicator for Valitrade advice, the total taxation rate, 

the indicator variables for mixed shipments, differentiated products, and time-sensitive products. 

Some of these risk characteristics are correlated among themselves and thus only some retain 

significance in the specifications as in Table 3. The estimates in column (1) show that more risky 

declarations, declarations for which Valitrade advice is provided and those with higher total 

taxation rate are significantly more likely to be suspect of collusion. 

Second, we find that ex-ante declared weight (column (3)) - a measure of the size of the 

declaration – is a significant predictor of excess interaction. Due to a concern that declared value 

and declared weight in columns (2)-(3) may themselves be affected by collusion arrangements, we 

use alternative measures of the size of the declaration in columns (4)-(6), either the external 

reference weight, size in twenty-foot container equivalent units, or the number of containers. 

However size of the declaration is measured, the evidence clearly points to larger declarations 

being linked to a significantly higher probability of collusion.  

Third, we add a measure of the ex-ante average price gap in column (7) and a measure of the 

ex-ante weight gap in column (8) to capture potential undervaluation and find that large ex-ante 

average price gaps or weight gaps are significant predictors of excessive interaction.  

Column (9) combines several variables to provide our preferred richer specification that 

controls for the size of the declaration using the arguably exogenous external reference weight as 

well as for undervaluation of the declaration. Size as well as undervaluation are significant 

predictors of excess interaction, but the positive impacts of risk score, Valitrade advice and total 

taxation rate are still strong and significant. 

Overall, the evidence in Tables 2 and 3 is consistent with the hypothesis that excess interaction 

between brokers and inspectors is associated with an increased risk of customs fraud and tax 

evasion. On the one hand, we find that declarations of brokers that interact excessively with certain 

inspectors are those that are riskier: they have higher risk scores, are more likely to have an ex-

ante recommendation of a physical inspection and to be subject to Valitrade reference value advice. 
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On the other hand, we find that declarations of brokers that interact excessively with certain 

inspectors are those with the highest stakes: they have larger ex-ante declared values, higher total 

taxation rates, higher undervaluation (measured by larger ex-ante gaps in value or in average 

prices) and thus higher ex-ante potential tax revenue losses. 

 

5. Differential treatment of suspicious declarations 

While Section 4.2 provided compelling evidence that our excess interaction indicator variable is 

proxying for collusion between brokers and inspectors, in this section we take an additional step 

and ask whether inspectors provide a differential treatment in terms of e.g., clearance time or 

adjustments to values and taxes to the import declarations of the brokers with whom they interact 

excessively frequently. If the excess interactions were accidental, then inspectors should provide 

no differential treatment to suspicious declarations, beyond the differential treatment that may be 

legitimately required as these declarations were shown to be riskier in Section 4.2. In contrast, if 

the excess interactions are the product of manipulation, then inspectors may be less strict in their 

treatment of suspicious declarations. 

To assess whether inspectors treat suspicious declarations - those of brokers with whom 

they interact excessively - differently than non-suspicious declarations, the following specification 

is estimated by OLS: 

𝑌𝑖𝑏𝑡 = 𝛽𝐸𝐼𝐴𝑖𝑏𝑡 + 𝛾𝑍𝑖𝑏𝑡 + 𝐼𝑐𝑜𝑢𝑛𝑡𝑟𝑦 + 𝐼𝐻𝑆2 + 𝐼𝑚𝑜𝑛𝑡ℎ−𝑦𝑒𝑎𝑟 + 𝐼𝑖 + 𝐼𝑏 + 𝜖𝑖𝑏𝑡    (5) 

where 𝑌 is a declaration-level outcome of interest, 𝐼𝑖 are inspector fixed effects, 𝐼𝑏 are broker fixed 

effects, Z is a vector of declaration characteristics and 𝐼𝑐𝑜𝑢𝑛𝑡𝑟𝑦 , 𝐼𝐻𝑆2, and 𝐼𝑦𝑒𝑎𝑟−𝑚𝑜𝑛𝑡ℎ are defined 

as above. The outcomes considered as dependent variables in Equation (5) are the inspector actions 

and customs outcomes listed in Appendix Table 1. The vector of declaration characteristics 

includes the risk score, the ex-ante recommendation for a red channel, the indicator for Valitrade 

advice, the total taxation rate, and indicator variables for mixed shipments, differentiated products 

and time-sensitive products, as in Table 3. It is important to account for inspector and broker fixed 

effects in Equation (5) as a way to accommodate potential heterogeneity across inspectors in 

productivity, efficiency, performance or other characteristics unrelated to collusion and similarly 

to account for potential heterogeneity across brokers in their import patterns, their intrinsic 

compliance, or other characteristics unrelated to collusion. It is crucial to note that by including 

these fixed effects our specification is extremely stringent, in that it is identifying whether the 
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excess interaction indicator variable has a significant coefficient even after controlling for average 

differences across inspectors and brokers. The estimates of Equation (5) are presented in Table 4, 

with inference based on robust standard errors clustered by inspector. 

Inspectors assess significantly faster (column (1)) and give priority – by clearing fewer 

other pending declarations (column (2)) - the declarations of brokers with whom they interact 

excessively. Additionally, inspectors scan significantly lower shares of containers in suspicious 

declarations relative to non-suspicious declarations (column (3)) and reroute significantly less 

frequently those declarations to an inspection channel different from the ex-ante recommendation 

(column (4)), suggesting that the predictability of the clearance process is higher for these suspect 

declarations. Some interesting patterns emerge from the risk characteristics in these columns, 

namely that declarations with higher risk scores take on average more time to clear and are not 

given priority over other declarations. 

Importantly, the estimates in Table 4 show that suspicious declarations are still 

significantly undervalued after the inspection: according to column (5) the reference/correct value 

is still significantly higher, and by more than 12%, than the ex-post value resulting from the 

inspector adjusting the ex-ante declared value. Columns (6) and (7) show that the same is verified 

for ex-post weight and average price gaps, both of which are still larger for suspicious declarations. 

Focusing on a measure that captures the fraction of undervaluation that is corrected by the 

inspector in her/his assessment process, column (8) implies that inspectors make a 32 percentage-

point smaller adjustment to the undervalued ex-ante declared value of suspicious declarations, 

relative to non-suspicious declarations. This remaining undervaluation of the declarations of 

brokers that interact excessively with some inspectors after the inspector assessment process 

implies that such brokers are likely to be paying lower taxes than they should, if the values had 

been adjusted upward all the way to the reference/correct value. Indeed columns (9)-(10) confirm 

that after accounting for adjustments to import value made by the inspector, the ex-post total tax 

revenue losses and tariff revenue losses are significantly higher for suspicious declarations.  

There may be alternative interpretations for the findings of differential treatment of 

suspicious declarations by inspectors. Particularly for the outcomes related to trade facilitation, 

one possibility is that our excess interaction indicator variable merely reflects “familiarity” 

between inspector and broker, whereby the fact that certain brokers interact very frequently with 

an inspector reduces fixed inspection costs. Also for the outcomes related to trade facilitation, 
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another possibility is that our excess interaction indicator variable is picking up the effects of 

congestion, and that when the port is busier the inspectors need to move more quickly in their 

customs clearance process. To address these possibilities, in future work we will construct 

measures of the number of interactions between inspectors and brokers and measures capturing 

the workload of the inspectors and enter them as additional controls in Equation (5) to verify 

whether the coefficient on the excess interaction variable is still maintained. 

 

6. Role of performance-pay based inspector contracts  

In future work we will examine whether the identified collusion and the estimated differential 

treatment provided to suspicious declarations responds to a reform to inspector incentives 

introduced via a performance-based pay contract implemented in Madagascar’s main port in 

September 2016 with the aim to incentivize inspectors to curb tax evasion and illicit financial flows 

and expedite customs clearance. Preliminary work on the observed impact of that reform on 

aggregate customs outcomes in Raballand et al. (2017) suggests that it expedited customs 

clearance times, reduced the frequency of physical inspections (red channel) and this coincided 

with better inspection targeting and more detection and recording of fraud.  

 

7. Conclusion  

To be added. 
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Figure 1: Allocation of declarations across inspectors 
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Table 1: Statistics on collusion across brokers and inspectors over 2015-2017 period 

 

Notes: totals over 2015-2017 period shown. Collusion is defined by the excess interaction indicator 

variable. The sample used for the calculations is the estimating sample defined in Section 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Broker-inspector couples - total number 1,817

Broker-inspector couples with a collusion risk:

in at least 1 semester 64

in all semesters 6

Import declarations - total number 45648

Import declarations of broker-inspector couples with a 

collusion risk 
2371

Share of: 

Import value with a collusion risk 4.9%

Import volume (weight) with a collusion risk 4.9%
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Table 2: Unconditional correlations between excess interaction between brokers and inspectors and 

risk characteristics of import declarations 

 

Notes: Robust standard errors in parentheses clustered by inspector. ***, **, and * indicate significance at 1%, 5%, and 10% 

confidence levels, respectively. The estimating sample is defined in Section 2. All variables are defined in Appendix Table 1. 
 

 

  

Risk              

score 

Ex-ante 

recommend.         

for                        

red channel 

Consensus on 

ex-ante 

recommend. for 

red channel

Valitrade        

advice           

provided

Total              

taxation          

rate

Ex-ante             

declared          

value 

Ex-ante     

declared   

weight 

Ex-ante        

value               

gap

(1) (2) (3) (4) (5) (6) (7) (8)

Excess interaction 

indicator 1.2476*** 0.0412* 0.0710*** 0.1472*** 0.0513*** 0.1666*** 0.5123*** 0.5795***

(0.0561) (0.0214) (0.0188) (0.0310) (0.0063) (0.0293) (0.0483) (0.0903)

Observations 50,297 51,383 50,029 51,383 51,383 51,313 51,313 29,891

R-squared 0.0149 0.0007 0.0024 0.0211 0.0124 0.0015 0.0060 0.0177
  

Ex-ante           

average          

price               

gap 

Ex-ante              

weight                   

gap

Ex-ante 

potential              

total revenue             

loss 

Ex-ante 

potential            

tariff revenue 

loss 

Mixed         

shipment

Differentiated 

products 

included 

Time-sensitive 

products 

included

Value              

gap               

Valitrade 

sample

(9) (10) (11) (12) (13) (14) (15) (16)

Excess interaction 

indicator 0.5796*** 0.0065 0.5893*** 0.5363*** 0.1225*** 0.0932*** -0.0050 0.2596***

(0.0903) (0.0075) (0.0848) (0.0860) (0.0351) (0.0216) (0.0050) (0.0452)

Observations 29,891 28,976 29,891 29,891 51,313 51,313 51,313 4,722

R-squared 0.0177 0.0000 0.0197 0.0211 0.0052 0.0037 0.0001 0.0417

Dependent Variable:

Dependent Variable:
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Table 3: Determinants of excess interaction between brokers and inspectors 

 

Notes: Robust standard errors in parentheses clustered by inspector. ***, **, and * indicate significance at 1%, 5%, and 10% 

confidence levels, respectively. The estimating sample is defined in Section 2. All variables are defined in Appendix Table 1. 
 

 

 

 

 

 

 

 

 

 

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Risk score 0.0068*** 0.0067*** 0.0055*** 0.0060*** 0.0064*** 0.0068*** 0.0058*** 0.0055*** 0.0049**

 (0.0012) (0.0012) (0.0011) (0.0014) (0.0013) (0.0013) (0.0014) (0.0019) (0.0020)

Ex-ante recommend. for red 

channel 0.0082 0.0082 0.0078 0.0122 0.0081 0.0083 0.0221** 0.0236** 0.0228**

 (0.0078) (0.0078) (0.0077) (0.0078) (0.0086) (0.0087) (0.0102) (0.0109) (0.0108)

Valitrade advice provided 0.1003*** 0.1002*** 0.0981*** 0.0971*** 0.0957*** 0.0966*** 0.1084*** 0.1066*** 0.1064***

 (0.0307) (0.0307) (0.0302) (0.0304) (0.0301) (0.0304) (0.0334) (0.0336) (0.0335)

Total taxation rate 0.1632*** 0.1717*** 0.1742*** 0.1984*** 0.2404*** 0.2392*** 0.1903*** 0.1848*** 0.1946***

 (0.0481) (0.0494) (0.0499) (0.0552) (0.0622) (0.0625) (0.0515) (0.0530) (0.0553)

Mixed shipment -0.0014 -0.0013 0.0009 0.0053 0.0075 0.0063 -0.0100 -0.0132 -0.0118

 (0.0105) (0.0105) (0.0108) (0.0136) (0.0136) (0.0135) (0.0105) (0.0143) (0.0144)

Differentiated products 0.0133 0.0138 0.0195** 0.0230*** 0.0134 0.0155 0.0187* 0.0163 0.0198*

 (0.0084) (0.0084) (0.0095) (0.0082) (0.0093) (0.0096) (0.0108) (0.0100) (0.0100)

Time-sensitive products -0.0075 -0.0071 -0.0086 0.0013 -0.0044 -0.0064 -0.0106 0.0014 0.0010

(0.0068) (0.0069) (0.0066) (0.0083) (0.0073) (0.0072) (0.0091) (0.0102) (0.0100)

Ex-ante declared value 0.0035

(0.0022)

Ex-ante declared weight 0.0096***

(0.0025)

External reference weight 0.0162*** 0.0102**

(0.0058) (0.0045)

Number of twenty-foot 

equivalent units 0.0348***

(0.0091)

Number of containers 0.0247***

(0.0086)

Ex-ante average price gap 0.0172*** 0.0275*** 0.0270***

 (0.0056) (0.0082) (0.0079)

Ex-ante weight gap 0.0263** 0.0263**

(0.0097) (0.0096)

Observations 50,230 50,230 50,230 28,681 41,842 41,842 29,459 16,628 16,628

R-squared 0.0818 0.0820 0.0835 0.0861 0.0845 0.0829 0.0827 0.0965 0.0971

Source country fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

HS2-product fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

Month-year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

Dependent Variable: Excess interaction indicator
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Table 4: Differential treatment of declarations of brokers and inspectors in excess interaction 

 

Notes: Robust standard errors in parentheses clustered by inspector. ***, **, and * indicate significance at 1%, 5%, and 10% 

confidence levels, respectively. The estimating sample is defined in Section 2. All variables are defined in Appendix Table 1. 

Assessment 

time                

(from 

allocation      

to              

assessment)

Number of 

other 

declarations 

cleared during 

assessment 

time  

Share of 

containers 

scanned

Rerouting of 

declaration to 

a different 

inspection 

channel

Ex-post       

value               

gap

Ex-post         

weight             

gap

Ex-post 

average        

price                

gap

Fraction of      

ex-ante          

value                

gap        

adjusted

Ex-post 

potential          

total tax 

revenue        

loss

Ex-post 

potential       

tariff        

revenue         

loss

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Excess interaction 

indicator -0.1414*** -0.1420*** -0.0113* -0.0329*** 0.1169*** 0.0178** 0.1174*** -0.3186*** 0.1316*** 0.1337***

(0.0341) (0.0307) (0.0058) (0.0103) (0.0274) (0.0072) (0.0277) (0.0969) (0.0256) (0.0274)

Risk score 0.0095*** 0.0059*** -0.0058*** 0.0044*** 0.0299*** -0.0084*** 0.0300*** -0.0145 0.0295*** 0.0331***

 (0.0022) (0.0017) (0.0007) (0.0007) (0.0023) (0.0009) (0.0023) (0.0111) (0.0021) (0.0017)

Ex ante recommend. for 

red channel 0.8539*** 0.6257*** -0.0112*** -0.1586*** 0.0634*** 0.0004 0.0644*** -0.0054 0.0502*** 0.0492***

 (0.0327) (0.0260) (0.0021) (0.0337) (0.0177) (0.0033) (0.0177) (0.0627) (0.0154) (0.0160)

Valitrade advice provided 0.7449*** 0.6073*** 0.0090*** 0.1881*** 0.1835*** -0.0223*** 0.1845*** 2.4066*** 0.1755*** 0.1578***

 (0.0441) (0.0389) (0.0031) (0.0134) (0.0196) (0.0030) (0.0195) (0.2164) (0.0201) (0.0224)

Total taxation rate 0.5249*** 0.3801*** 0.0999*** 0.0371 0.5875*** 0.1229*** 0.5969*** 1.1877*** 0.7340*** 0.4652***

 (0.1029) (0.0868) (0.0122) (0.0271) (0.0812) (0.0249) (0.0812) (0.2845) (0.0606) (0.0805)

Mixed shipment 0.0748*** 0.0503*** 0.0330*** 0.0334*** 0.2775*** 0.0241*** 0.2762*** -0.1476* 0.2759*** 0.2151***

 (0.0141) (0.0106) (0.0040) (0.0039) (0.0190) (0.0051) (0.0190) (0.0762) (0.0186) (0.0182)

Differentiated products -0.0131 -0.0049 0.0343*** -0.0147** 0.0433* 0.0915*** 0.0433* -0.4259*** 0.0300 0.1212***

 (0.0190) (0.0167) (0.0062) (0.0065) (0.0218) (0.0057) (0.0220) (0.0953) (0.0252) (0.0251)

Time-sensitive products 0.0170 0.0050 0.0263** 0.0065 -0.1728*** -0.0269*** -0.1713*** 0.3293** -0.1632*** -0.1239***

(0.0309) (0.0254) (0.0111) (0.0115) (0.0261) (0.0083) (0.0261) (0.1471) (0.0264) (0.0270)

Observations 50,160 49,353 16,635 50,230 29,459 28,681 29,459 16,991 29,459 29,459

R-squared 0.2599 0.2239 0.4615 0.1394 0.4574 0.1617 0.4582 0.1898 0.4699 0.4348

Source country fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

HS2-product fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Month-year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Broker fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Inspector fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Dependent Variable:
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Appendix Figure 1. Customs clearance process in Madagascar  
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Appendix Table 1. List of variables and definitions 
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Variable name Variable definition,  level of disaggregation (when different from the declaration level) and data source

Collusion proxies

Excess market share

Difference between the observed market share and the expected market share. The expected market 

share is the market share predicted based on a multinomial distribution that mimics the allocation 

process of import declarations to inspectors following the random rule. Defined at the broker-

inspector-semester level. Data source: Madagascar customs.

Excess interaction indicator

Indicator variable equal to 1 if the following two conditions are met: (i) the excess market share 

exceeds 5% and (i i) the probability that the allocation of import declarations to inspectors is random 

does not exceed 0.1%. Defined at the broker-inspector-semester level. Data source:  Madagascar 

customs.

Auxilliary variables

External reference unit price (ERUP)

Unit price (ratio of value to quantity in kilograms) of each trading partner exporting a given product to 

Madasgascar. Defined at the country-HS 6-digit product level (or in a variant at the country-HS 4-digit 

product level) averaged across the 2015-2016 period. Data source: UN COMTRADE.

External reference average price

Weighted average of the ERUPs for all  items included in the import declaration with weights being the 

ex ante declared weights for each item. Defined at the declaration level. Data sources: Madagascar 

customs, UN COMTRADE.

External reference weight
Sum of the weight measured for all  of the import declaration's containers at the port. Defined at the 

declaration level (for containerized declarations). Data source: MICTSL.

External reference value
External reference weight multiplied by external reference average price. Defined at the declaration 

level. Data sources: Madagascar customs, MICTSL, UN COMTRADE.

External reference value Valitrade F.O.B import value suggested by Gasynet (USD). Data source: Gasynet.

Risk score 
Score calculated by Gasynet that indicates the degree of riskiness (for tax evasion) of the import 

declaration ranging from 1 (very low risk) to 9 (very high risk). Data source:  Gasynet.

Ex-ante recommendation for red channel 
Ex ante recommendation of physical inspection by the ASYCUDA risk management system. Data source: 

Madagascar customs.

Consensus on ex ante recommendation for red channel

Indicator variable if the three ex ante recommendations from (i) the ASYCUDA risk management system, 

(i i) the customs agency's risk management unit, and (i i i) Gasynet are for frontline physical inspection.  

Data source:  Madagascar customs

Valitrade advice provided
Indicator variable equal to 1 if Gasynet provided a valuation advice (for this import declaration). Data 

source: Gasynet.

Total taxation rate
Sum of taxes (including tariff, VAT) that have to be paid divided by the import value retained by 

customs. Data source: Madagascar customs.

Average tariff rate
Sum of tariff duties that have to be paid divided by the import value retained by customs. Data source: 

Madagascar customs.

Ex-ante average price gap 

Difference between the log of the external reference average price of the declaration and the log of the 

average ex ante unit price declared (defined as the weighted average of the unit prices (values divided 

by weights) for all  items included in the import declaration, with weights being the ex ante weights for 

each item). Data sources: Madagascar customs, UN COMTRADE.

Ex-ante weight gap 
Difference between the log of the external reference weight and the log of the ex ante declared total 

weight.  Data sources: Madagascar customs, MICTSL.

Ex-ante value gap 
Difference between the log of the external reference value and the log of the ex ante declared import 

value.  Data sources: Madagascar customs, MICTSL, UN COMTRADE.

Ex-ante value gap Valitrade
Difference between the log of the reference value Valitrade and the log of the F.O.B value initially 

declared to Gasynet (USD).  Data source: Gasynet.

Ex-ante potential total revenue loss
Ex ante value gap multiplied by the total taxation rate. Data sources: Madagascar customs, MICTSL, UN 

COMTRADE.

Ex-ante potential tariff revenue loss 
Ex ante value gap multiplied by the average tariff rate. Data sources: Madagascar customs, MICTSL, UN 

COMTRADE.

Mixed shipment
Indicator variable equal to 1 if the import declaration includes more than 1 HS 6-digit product. Data 

source: Madagascar customs.

Differentiated products included 

Indicator variable equal to 1 if the import declaration includes at least 1 HS 6-digit product defined as 

differentiated according to the classification by Rauch (1999). Data source: Rauch (1999) and a 

concordance between HS 6-digit revision 2012 classification and SITC revision 2 classification from 

COMTRADE.

Time-sensitive products included

Indicator variable equal to 1 if the import declaration includes at least 1 HS 6-digit product defined as 

time-sensitive according to the classification by Hummels and Schaur (2013). Data source: Hummels 

and Schaur (2013).

Ex-ante risk characteristics and other characteristics of import declarations 
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Customs outcomes or inspector actions

Assessment time (from allocation to assessment) 
Log of (1 + difference in time (hours) between the date of assessment and the date of allocation of the 

declaration to the customs inspector). Data source: Madagascar customs.

Number of other declarations cleared during this 

assessment time  

Log of (1 + number of other declarations assessed by the customs inspector during the assessment 

process of the declaration). Data source: Madagascar customs.

Fraction of containers scanned Number of containers scanned divided by the total number of containers. Data source: Gasynet.

Rerouting of declaration to a different inspection 

channel

Indicator variable equal to 1 if the customs inspector modified the customs clearance channel 

automatically proposed by the Asycuda risk management system (from yellow to red or from red to 

yellow). Data source: Madagascar customs.

Ex-post average price gap 

Difference between the log of the external reference average price of the declaration and the log of the 

ex-post average unit price adjusted by the customs inspector (defined as the weighted average of the 

unit prices for all  items included in the import declaration, with weights being the ex-post weights (in 

tons) adjusted by the customs inspector for each item). Data sources: Madagascar customs, UN 

COMTRADE.

Ex-post weight gap 
Difference between the log of the reference weight and the log of the ex-post weight adjusted by the 

customs inspector.  Data sources: Madagascar customs, MICTSL.

Ex-post value gap 
Difference between the log of the external reference value and the log of the ex-post import value 

adjusted by the customs inspector. Data sources: Madagascar customs, MICTSL, UN COMTRADE.

Ex-post gap in value Valitrade

Difference between the log of the reference value (defined as the F.O.B import value suggested by 

Gasynet, USD) and the log of the ex-post F.O.B value ajudsted by the customs inspector (USD).  Data 

source: Gasynet.

Ex-post potential total revenue loss
Ex-post value gap multiplied by the total taxation rate. Data sources: Madagascar customs, MICTSL, UN 

COMTRADE.

Ex-post potential tariff revenue loss 
Ex-post value gap multiplied by the total taxation rate. Data sources: Madagascar customs, MICTSL, UN 

COMTRADE.

Fraction of ex-ante value gap adjusted 

Difference between the log of (1 + difference between the ex-post import value adjusted by the customs 

inspector and the ex-ante declared value) and the log of (1 + the external reference value and the ex-

ante declared value). Data sources: Madagascar customs, MICTSL, UN COMTRADE.


