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  In this paper, I study the effects of ubiquitous withholding VAT schemes on the tax 

compliance and productivity of firms. With insufficient administrative resources, third-party reports 

and the existence of paper trails are not sufficient conditions for compliance. Therefore, tax 

authorities in developing countries use withholding VAT as an advance payment to prevent fraud, 

evasion, and avoidance. This paper contributes to a crucial area of tax systems research which 

investigates the relevance of remittance responsibility, as well as the relative importance of 

withholding and information reporting on compliance. However, withholding also makes firms 

claimants of excess VAT credits. Credit reimbursement delays create distortions on resource 

allocation and adversely impact the productivity of businesses. I present stylized models which 

address these issues and use administrative data from Senegal, a country which terminated 

withholding, to test some of the hypotheses. 
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1  Introduction 
  

Despite the widespread adoption of the value-added (VAT) tax in developing countries over 

the last fifty years, its revenue performance is often stalled by design and implementation issues. 

Chief among these implementation issues is the administration of withholding at source schemes, 

which are prevalent on business-to-business transactions in many African and Latin American 

countries. Withholding VAT is a system through which suppliers only receive a fraction – or 

sometimes none – of the VAT on sales to designated withholding agents2. Instead, they receive 

withholding certificates, which become credits in their VAT accounting. In some countries, banks 

accept these vouchers as collateral for short-term loans, albeit with a haircut. Without timely 

refunds, the system also contributes to the formation of excess-credits. The tax authority owes 

money to firms for long periods (See Ebrill et al. 2001, chapter 15). Needless to say, withholdings on 

firms’ sales may create large opportunity costs. Businesses denounce these excess-credits as 

interest-free loans to the state. Credit formation due to withholding also hinders firm production 

via constraints on their operating capital for input expenditures. In Senegal, for instance, Figure 5 

shows that credits rolled for more than three months are, on average,  12%  of monthly turnover. 

Hence, withholding policies may introduce distortions which affect the allocation of production 

factors and the productivity of firms. In particular, withholding VAT may create substantial 

inefficiencies for input-intensive sectors. But, under optimal commodity taxation models, such 

production inefficiencies may be tolerated if administrative costs are taken into account 

(Dharmapala et al. 2011, Yitzhaki 1979, Diamand and Mirrlees 1971).  

 

From the state’s point of view, the goals of a withholding VAT system are threefold. First, as 

an advance payment, it maximizes collection and ensures that tax revenues reach the Treasury 

promptly. Second, as large business based remittance, withholding creates economies of scale and 

reduces administrative costs (Dharmapala et al. 2011, Kopczuk and Slemrod 2006). The tax authority 

can, therefore, conduct cost-efficient audits by processing information from large firms.  In general, 

large corporations are more likely to possess superior bookkeeping methods compared to smaller 

and less sophisticated ones. Kleven et al. (2016) argue that, as fiscal intermediaries, large firms are 

unable to misreport true liabilities because verifiable book evidence and headcount act as a joint 

deterrence to evasion. With a large number of employees, any of them can denounce existing 

collusions about the information reported to the tax authority. Bachas and Jensen (2017) make a 

similar argument by documenting the existence of firm size effects in tax enforcement and 

compliance. They show that the size gradient in enforcement is highest for less developped 

countries. Yet, enforcement tools must be credible. And the tax authority should have enough 

                                                      
2 Stated differently, designated withholding agents (buyers) are responsible for the remittance of VAT. 
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technical capacity to exploit third-party reports or a mechanism to raise the probability of detecting 

evasion (Naritomi 2016). This is not often the case in developing countries. Kuchumova (2017) 

presents a theoretical framework in which there is a trade-off between information reports and 

audits, arguing that an optimal allocation of resources between the two can improve tax 

compliance. However, this result is unlikely to be useful in developing countries where both tools 

tend to be weak. With sub-optimal enforcement, even the proper processing of third-party 

information and the existence of paper trails are not sufficient conditions in curbing tax evasion. 

When audits uncover discrepancies through cross-checks,  firms can offset the increase in reported 

turnover by a similar increase in other margins (expenses), which are not subject to tax filling 

(Carrillo et al. 2016, Slemrod et al. 2015). Hence, the third goal of a withholding system. It creates a 

compliance default on the extensive and intensive margins. As the value-added tax is retained and 

remitted by the supplier, withholding reduces evasion possibilities for businesses outside the VAT 

system or those which are identified in the registry but would still fail to remit VAT 3. On the intensive 

margin, withholding reduces evasion with the post collection audit of requests for credit 

reimbursements 4. Despite its prevalence in developing countries, withholdings on inter-firm 

transactions have, so far, been subject to little analytical consideration. In the recent public finance 

literature, only Brockmeyer and Hernandez (2017) have studied the introduction of a withholding 

scheme in Costa Rica’s sales tax. In many other countries, though, policy advice seems to go in the 

opposite direction, arguing for the elimination of withholding VAT.  

 

In this paper, I use a reform removing withholding from Senegal’s VAT design to address 

three related issues on both theory and empirics. The first problem is about firm compliance when 

we eliminate withholding from a tax system. Under such a scenario, the tax remittance responsibility 

shifts from the buyer to the seller. Even though optimal tax theory models assume the irrelevance 

of  remittance responsibility when the tax authority observes liability at little cost, this assumption 

breaks down with evasion possibilities (Slemrod 2008). There are two hypotheses on the effects of 

withholding VAT on compliance. The first one is that VAT generates information trails which are 

sufficient in reducing evasion, regardless of withholding. Thus, if the tax authority has the 

technology to cross-check information reports, withholding VAT does not change compliance 

decisions. However, under weak technological capacity, it could be more relevant than information 

reports. Thus, the second hypothesis contends that withholding VAT creates a compliance default 

and its termination leads to greater evasion. When it is in place, the tax authority locks in tax 

payments before an audit. So, if removed, heterogeneous responses could be observed based on 

audit probability, which is often increasing in turnover. As a result, large taxpayers may not respond 

at all to the termination of withholding VAT. But small and medium-size firms with lower audit 

                                                      
3 This is often the case for withholdings on employee earnings. 
4 Fraudulent claims are important sources of revenue losses. 
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probabilities will evade more. Moreover, because of limited resources devoted to tax audits, the 

evasion of smaller companies will be on the extensive margin. This second hypothesis justifies 

decisions to keep withholding  as a feature of VAT design. To my knowledge, despite the widespread 

use such designs, no study has explored the compliance effects of withholding VAT. African 

countries such as Mali, Togo, and Senegal have removed it  from their tax codes. But these policy 

changes are yet to be evaluated. With the administrative data from Senegal, I investigate whether 

the termination of withholding leads to greater non-compliance on the extensive and intensive 

margins. [Insert findings on issue 1 here and discuss intensive and extensive margin mechanisms]. 

 

 The second issue relates to the behavior of the withholding agent. With the management 

and issuance of certificates as well the remittance responsibility, they bear part of the administrative 

costs. I propose a theory on the circumstances under which withholding agents fail to fully remit 

withholdings. I hypothesize that under weak audit probabilities or low penalties, withholding agents 

might remit less than they are supposed to. This simple result speaks to many anecdotes of 

withholding agents who are also part of the state apparatus. They are subject to weak enforcement 

tend to keep the withheld sums.  

 

 The third issue is that we expect withholding to introduce distortions in the production 

decisions and productivity of firms. There is a tension between the revenue maximization objective 

of the state and the necessity to run a VAT system which minimizes distortions. Indeed, withholding 

regulations and costly refund claims are  major impediments to the neutrality of the value-added 

tax in many developing countries (See Chambas 2014 for a review on the subject). In Senegal, for 

instance, withholding affects a relatively high share of firms. Before the reform, on average, about 

20%  of Large Taxpayer Unit(LTU) or Medium Taxpayer Unit (MTU) firms were subject to 

withholdings every year. When withholding generates excess-credits which are reimbursed with 

lengthy delays, VAT can, indeed, become a tax on production instead of a tax on final consumption 
5. Firms often consider this as an impediment to efficiency because they become claimant of  credits6 

,which reduce their operating capital. Several questions need related to this issue merit attention. 

For instance, how does withholding affect the use of different inputs in production? In the case of 

production for domestic consumption, sectors that use intermediate inputs more intensively could 

grow less as result of the policy. Therefore, firms in these industries could benefit from the reduction 

of credit formation through the cancellation of withholding on VAT. [Insert findings on issue 2 here]. 

 

 This paper is organized as follows. In section 2, I review the literature and point to the 

semantic distinction between withholding and third-party information reports and more generally 

                                                      
5  Because of this, Ebrill et al. 2001 went so far as describing the dysfunctions in the refund process as the “Achilles heel” of the VAT (See Chapter 15 
in [?]).  
6 Interest-free loans to the state 
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to address the contributions of this paper on the role of withholding in tax systems. Section 3 

presents stylized facts about withholding VAT. In section 4, I present theoretical models on the 

compliance and production decisions of firms.  Section 5 presents the institutional background in 

Senegal while Section 6 describes the data. In Section 7, I present  preliminary empirical results.   

 

2  Related Literature 
  

In this study, I contribute to the new wave of research on optimal tax systems (Slemrod and 

Gilitzer 2013). This approach considers issues in three research areas. The first one is on the design 

of optimal tax rates and bases. To address issues related to this strand of the literature, many 

contributions on taxation in developing countries have used administrative data to cover the design 

of optimal rates and bases in the context of weak enforcement capacity (Best et al. 2015, Waseem 

2015, Best 2014). The second area covers enforcement rules in taxation such as the use of non-rate 

instruments, including third-party information reports, audits and enforcement actions (Pomeranz 

2015, Brockmeyer et al. 2017). And the third one is about remittance rules, the designation of 

taxpayers responsible for collecting and remitting taxes to the tax authority, the frequency of the 

transfers as well as the related reporting requirements. Here I address this third branch of the 

literature on tax systems. Optimal tax models are relatively silent about the role of remittance 

responsibility in revenue collection. However, with evasion possibilities and limited enforcement 

resources of revenue authorities, remittance responsibility could play a role in increasing 

compliance and reducing administrative costs. In other words, it matters whether it’s a supplier or 

a buyer which remits VAT in a firm-to-firm transaction. When third-party reports have a limited 

impact on compliance or when certain taxpayers (small firms) internalize low probabilities of audits, 

withholding could play a role in reducing evasion. Few studies have addressed the role of remittance 

responsibility in VAT design. And this is perhaps because it tends to be bundled with the effect of 

third-party information reports on evasion. I discuss this issue in 2.1.  

 

The second area where I seek to make a contribution relates to the evasion of indirect taxes 

such as VAT or goods and services taxes (GST). Recent studies have notably focused on the evasion 

of income taxes (Kleven et al. 2011, Kleven et al. 2015 and Kleven and Waseem 2013) and corporate 

income taxes (Best et al. 2015). But very few contributions have considered the issue of indirect tax 

evasion. Except for Keen (2008) and Emran and Stiglitz (2005), issues about the design and 

implementation of VAT in developing countries have received less theoretical and empirical 

consideration. In particular, despites the widespread presence of withholding in the VAT design of 

developing countries, its effects on compliance and production decisions of firms subject to 

withholding (withholdees), as well as withholding agents are not well understood. Finally, this study 

also relates to the literature on the effects of policy distortions intra-firm input allocation and the 
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distribution of resources across firms. 

 

 

2.1  Withholding vs. Third-party information reports 

  

The 2012 tax reform in Senegal is unique insofar as it provides an opportunity to shed more 

light on the relative merits of withholding and third-party information reports in explaining observed 

levels of compliance. Before the change, they could have acted jointly to reduce evasion. But with 

the reform, only the information trail channel operates. Thus, the setting is suitable for finding 

evidence on the importance of each instrument. This is a novel contribution because the actual 

effect of information reports is not always clear when operates alongisde withholding. 

 

Therefore, before I address withholding in the public finance literature, I find it necessary to 

stress the semantic distinction between withholding and third-party reported information. This 

distinction is important because the performance of modern tax systems is often attributed to the 

latter when in practice both policies, though different, are often implemented together. Therefore, 

it’s worth pointing that a particular tax can include elements of third-party reported information but 

no requirement on withholding. Take the basic design of VAT in a country with high tax enforcement, 

say a developed country. The invoice-credit nature of the mechanism requires firms in intermediate 

stages of production to report verifiable information on their transactions. VAT can, therefore, have 

self-enforcement properties without any form of withholding. 

 

Now, consider personal income taxes. Not only do they include third-party reported 

information insofar as the firm declares wages and salaries but, on top of that, they are also withheld 

at source. Thus, even with the ability to verify employer reports on income taxes, it’s unclear 

whether evasion rates are low because of information reporting or withholding, two different 

aspects of tax design. For instance, Kleven et al. (2011) conduct an experiment in Denmark and claim 

that while there is substantial evasion for self-reported income, there is almost no evasion for third-

party reported income. They extend the Allingham and Sandmo (1972) model to account for the 

heterogeneity in sources of income and the sources of information reports and audit probabilities 

associated with each type of revenue. In particular, they claim that third-party reporting resolves 

the puzzle in the Allingham-Sandmo model, which predicts high evasion rates when audit 

probabilities are small. However, this argument is flawed as it attributes high compliance rates to 

information reports when in fact personal income tax withholding at source could preempt 

employee evasion, even with no information reports.  

 

Also, to make a point a point on the distinction between the two instruments, it’s also 
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important to recall the history of the introduction of the former in modern tax systems. For example, 

Slemrod 2008 shares few historical episodes in which withholding are introduced to increase tax 

compliance. When Catholic and other Irish farmers refused to remit tithes to the Protestant church, 

a law required landlords to withhold and remit the payments. As a result, compliance increased. 

And perhaps, the most successful example of tax withholding’s effect on compliance is the withheld 

at source personal income taxes. The revenue-efficient nature of withholding at source is seen as 

early as 1803 when Henry Addington, with the breakdown of the Treaty of Amiens, used personal 

income taxes withheld at source to finance war efforts. About the more recent history of withheld 

taxes, Dusek and Bagchi 2016 use variations in the adoption of income tax withholding at source by 

U.S. states from the 1940s to the 1970s to show that holding tax rates constant, and there is 24% 

increase in income tax revenue after the implementation of withholding policies.  

 

Specifically, for VAT, the literature is yet to show substantial evidence on the relative 

importance of third-party reporting and information trails when withholding is an instrument in its 

design. The only existing studies have claimed positive effects of information trails on compliance 

but in contexts where withholding is also present. For instance, considering the role of third-party 

information trails on the compliance decision of Chilean firms subject to VAT, Pomeranz 2015 has 

studied the response to an increase in perceived audit probability in the presence of paper trails. 

The paper presents two conflicting hypotheses on the role of paper trails. On the one hand, given 

equal evasion opportunities in all transactions, firms would exhibit a greater response to audit 

probability in the presence of paper trails. On the contrary, in the presence of paper trails, lower 

responses to increased audit probability can also indicate that,ex ante, the underlying cross-

bookkeeping of the VAT mechanism was itself a deterrent to evasion. In particular, because of the 

paper trail generated through the invoice-credit system, in theory, VAT has self-reinforcing 

properties due to  opposing fraud incentives in intermediate states of the production chain. The 

incentive structure of VAT only breaks down in the final sale to the consumer,who unlike firms, has 

no incentive to ask for receipts. Pomeranz (2015) differentiates between inter-firm transactions and 

sales to final consumers in evaluating the impact of audit signals on evasion. With this distinction, 

the study finds that  announcing additional audits has a limited impact on the reporting of VAT 

transactions with paper trails. But the role of withholding (administrative substitution of the entity 

responsible for VAT remittance) on compliance is not mentioned at all in this argument proposing 

paper trails as a sufficient deterrent to evasion. In fact, lower responses to greater audit probabilities 

could be observed not only because of the paper trails but also because there were not evasion 

opportunities, to begin with. Indeed, the Chilean tax code allows the designation of some buyers as 

responsible for retaining VAT on their purchases. 

 

2.2  Withholding, optimal taxation, and tax evasion 
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 Standard optimal tax models are silent on the effects of remittance responsibility. However, 

when these models consider evasion possibilities, the irrelevance assumption about the entity 

(buyer or seller) responsible for remittance breaks down (Slemrod 2008 and Kopczuk et al. 2016). 

For instance, in the implementation of VAT, if changes in the withholding system switch the 

remittance responsibility from all firms to a smaller set (or vice versa as is the case in Senegal), the 

irrelevance assumption no longer holds.  In the more recent literature using administrative data, 

Carillo et al. 2012 and Brockmeyer and Hernandez (2017) have explored the effect of withholding 

on compliance. In particular, Brockmeyer and Hernandez (2017) study the importance of 

information and withholding on the compliance to a business sales tax in Costa Rica. The authors 

document compliance gaps on the extensive and intensive margins and to a lesser extent on the 

payment margin. These differences provide arguments for the use of withholding as an enforcement 

tool. They find that coverage by business sales tax withholding is associated with higher reported 

taxable income. Doubling the withholding rate leads to an increase of 40% in the tax payments of 

firms covered by the withholding scheme. The mechanisms for the higher payments are an 

incomplete reclaim of withheld amounts and lower misreporting. However, the contribution of the 

present paper is different from Brockmeyer and Hernandez (2017) because I focus on VAT which 

has been the most popular tax instrument in developing countries over the last fifty years albeit 

with significant impediments such as excess-credits, often due to withholding schemes. Second, I 

study the removal of a withholding scheme as a natural experiment rather than its reinforcement, 

as is the case in Brockmeyer and Hernandez (2017).   

With the Senegalese reform, I will present a theory which elicits the effect of withholding on 

the evasion and production of firms and test empirical predictions with administrative data. I 

provide and extension of Yaniv (1999) which shows that while withholding is irrelevant under the 

expected utility theory models of evasion (Allingham and Sandmo 1972), the size of advance 

payment affects evasion decisions under a prospect theory model. In particular, prepaid taxes can 

substitute for costly enforcement. The model I present explains enforcement conditions (audit 

probability and penalties) under which withholding in a VAT system can deter evasion. For a 

theoretical model of the withholding agent’s behavior, I adopt a similar framework to Yaniv (1998) 

which considers conditions under which an employer fails to remit personal income tax 

withholdings. 

  

 

 2.3 VAT Withholding, resource misallocation, and productivity  

 Withholding VAT also fits into the literature dealing with the effects of government policies 

on resource allocation and firm productivity. Beyond differences in the speed of technology 

adoption, aggregate differences in total factor productivity (TFP) depend on the distribution of 

production factors within production units but also across heterogeneous ones. Recent 
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contributions to this literature have  sought to explicitly establish a relationship between distortions 

introduced by particular institutions or policies to resource misallocations and lower aggregate total 

factor productivity (TFP). The diversion of resources from high productivity firms to unproductive 

ones could explain large cross-country differences in growth outcomes. Following the seminal 

contribution of Restuccia and Rogerson (2008), Hsieh and Klenow (2009) provide the first 

quantitative evaluation of the extent of resource misallocation across manufacturing 

establishments in China and India compared to the United States. They show that substantial 

differences in the marginal products of labor and capital exist within industries. In a counterfactual 

measurement, reallocating capital and labor to equalize their marginal products to the extent 

observed in the U.S. would result in 40%30  TFP gains in China and 60%40  TFP gains in India. 

In the same vein, other contributions by Cirera et al. (2017) have replicated the measurement of 

resource misallocation in Africa. They find that a reallocation equalizing marginal returns across 

different firms within the manufacturing sector would increase manufacturing productivity by 

163%  in Kenya and 31%  in Côte d’Ivoire.  

 

Based on a survey spanning many literatures, Restuccia and Rogerson (2017) describe three 

categories of factors resulting in resource misallocation. First, they list statutory provisions, such as 

features of the tax system which vary with firm characteristics (audit probability based on size, 

minimum turnover taxes), regulations on business size or market access. Second, there are 

distortionary provisions introduced by the state or banks to penalize or favor particular firms. 

Examples include tax incentives, procurement rules or selective tax enforcement. And third, we have 

market imperfections and specifically market structures (monopoly power), market frictions and the 

enforcement of property rights which create disincentives for individual firms. These idiosyncratic 

policies and market distortions can build wedges in the prices of each production unit, but the 

aggregate capital accumulation and aggregate relative prices are constant. Other frictions that have 

been subject to theoretical and empirical work are related to trade policies (Melitz 2003), imperfect 

credit markets (Midrigan and Xu 2014, Kalemli-Ozcan and Sorensen 2012) and capital adjustment 

costs (Asker et al. 2014). However, so far, the effects of specific aspects of tax systems on resource 

allocation and productivity are yet to be explored using the analytical tools of this literature (IMF 

2017 has provided insights on productivity and tax-related distortions). Withholding on VAT is one 

such policy, which many anecdotes describe as having distortionary effects on the production 

decisions of firms. It is thought to create disincentives to input intensive firms which provide goods 

and services to designated withholding agents. For those businesses, withholding contributes to the 

formation of excess-credits which, in turn, affect resource allocation and productivity.  

 

 

When withholding has excess-credits as its byproduct, it can introduce differences in the 
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marginal products of capital. To illustrate this point, consider a hypothetical example like the one 

presented in Hsieh and Klenow (2009). Suppose we have two firms with identical technologies. But 

one was not subject to withholding (say  a state-owned bank) and the other one which is subject to 

withholding. When the latter faces credit formation with reimbursement delays, its implicit cost of 

capital can be higher compared to the firm without excess-credits (imperfect credit markets and 

withholding certificates accepted with a haircut). If both businesses equate their marginal product 

of capital (MPK) with their cost of capital, the MPK of the firm without excess-credits is lower. This 

situation produces resource misallocation since total output per worker and TFP would be greater 

if capital is transferred from the production unit with low MPK to the one with high MPK. 

 

 

3  Withholding VAT: A brief introduction and stylized facts 
  

In most countries, withholding VAT is a credit system through which government institutions, 

major corporations; parastatal organizations act as VAT collection agents on behalf of the tax 

authority. When invoiced by suppliers – regardless of the vendor’s tax registration status –  

withholding agents only pay a price net of VAT. They keep the VAT component of the gross price 

and remit it to the tax authority. Suppliers receive credit certificates. They can use the vouchers as 

credits in their VAT accounting and later as a supporting document in the refund process. 

 

To present the inner workings of a typical withholding VAT system, let’s consider a 

transaction between two economic agents, A  and B . Let us assume a state institution, say the 

Ministry of Agriculture, is designated as a withholding agent 7, call it A , purchases a 100  million 

worth of goods and services comprising a VAT exclusive price of 90  million and 10  million of VAT 

from its supplier, call it firm B . Under a 50% withholding rate, A  only pays firm B  95  million. As a 

withholding agent, A  withholds and remits 5  million to the tax authority. Firm B  is entitled to a 

withholding certificate worth 10  million.  

Now, also assume that at the end of the month, firm B  determines that it has a net VAT due 

of 1 million. Then, it has VAT credit claim of 4  million from the tax authority, resulting from the 

difference between the withheld amount of 5  million and its VAT liability of 1 million. In this 

scenario, Firm B  would submit a refund request of 4  million. Figure 1 illustrates the case of 

withholding VAT with a credit claim.  

But in most cases, it’s worth noting that firm B  faces delays and uncertainty before 

repayment. Audits and checks on submitted documents – including certificates received from 

                                                      
7 The Ministry of Agriculture is a suitable example, as it does not sell goods and services. It would only be responsible for remitting VAT 

withholdings to the tax authority. This simplifies the examples, which follow. 
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withholding agents – or just administrative inefficiency often extends statutory repayment periods. 

It is also important to note the cash flow implication for firm B  when there is no withholding policy. 

As Figure 2 illustrates, firm B  would have received a 100  million VAT inclusive price from A . B  

would only have to transfer directly the net VAT due of 1 million to the state. 

The cases described herein are from the simplest design of a withholding VAT scheme. Tax 

codes in Latin America and Africa include more complex designs with parameters on the 

computation of the withheld amount, the goods and services to which the policy applies and the 

ability to roll forward excess-credits and obtain a refund. The different schemes for selected 

countries in Africa and Latin America are summarized in Table 1. 

 

4  Analytical Framework 
  

In this section, I present an analytical framework for the evasion and production decisions of 

firms. Both the withholding agent and its supplier can seek to evade taxes. The former commits 

fraud to compensate for administrative costs it bears on behalf of the tax authority. The latter could 

be non-compliant because the withholding system generates excess-credits which limit its operating 

capital. First, I present stylized models on the evasion decisions of the withholdee and the 

withholding agent. Then I analyze production decisions and productivity under a withholding 

system. 

4.1  The compliance of the withholdee 

 Consider a firm subject to withholding (seller,  B  in Figure 1) operates in perfect 

competition with free entry and exit, has a production function H  and has expenditures E . Its 

value-added is, therefore, EHVAB = . Assume that the state sets three policy parameters, namely 

the VAT rate  , a withholding rate   on the VAT amount to be remitted by the buyer (withholding 

agent) and 1>B , the penalty parameter if evasion is detected. The withheld amount on sales is, 

therefore, HW = . The firm can choose to report a value-added of 
BB VAX  . Firm B ’s net 

income in the non-detected and detected states of evasion write as follows  

 

)()(= BB

nd

B XWWVAY    

))(()(= BBBBB

d

B XVAXWWVAY    

 

Note that in both cases, without withholding or when the tax authority reimburses credit right away, 

W  drops out of the model. We fall back to the classic tax evasion model. However, assume that the 

state does not reimburse credits in a timely fashion. Then,  the firm’s fraud decision depends on 

whether it has a net credit )>( BVAW  or net debit position )<( BVAW   vis-à-vis the tax 
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authority8. In particular, the company cares about its net cash position before filling its monthly VAT 

return. In other words, its evasion decision is influenced by how much cash it will have for  its 

operations as a result of the advance payment. The net position in the non-detected and detected 

states of the world write 

 

B

nd

B XWY  =  

)(= BBBB

d

B XVAXWY    

 In particular, similar to Yaniv (1999), under prospect theory, the value function of the firm )(v  is 

concave for net debit positions and convex for net credit positions. The firm’s reference point is 

WVA . It solves 

 )()(=Max d

BB

nd

B
B

X
YvpYvV   (1) 

Where, according to common practice in the decision to audit VAT returns, firms with 

consistently net credit positions are likelier to have their VAT returns audited. Hence, I assume 

)( BB VAWp   and 0>)(Bp . In 1, when 
BXW > , the firm has a certain net credit position. So 

consistent with prospect theory, this certain refund is associated with a probability of unity. 

 Proposition 1. When withholding VAT is above the actual liability (net credit position, 

BVAW > ), the entry condition into evasion is 0<
BdX

dV
 at WX B = . This condition is summarized 

by 

 1<
(0)

)(
<





v

VAWv
p B

BB


  

The entry condition in Proposition 1 depends on the size of the withheld amount W . When 

W  are set sufficiently high, the tax authority can reduce evasion on both the intensive and extensive 

margins, even when it has limited enforcement capacity. So even as p  is close to null, evasion can 

be prevented by setting withholding sufficiently high. This is illustrated in Figure 3. Given that the 

penalty parameter 
B  is set by statute, when limited administrative resources constraint audit 

probabilities to  small values, only withholdings above the true liability can act as an enforcement 

tool. In the case of Senegal, the high withholding rates seemed to reflect this theoretical result. 

Except for LTU firms, withholding agents paid VAT exclusive prices and remitted the full tax to the 

tax authority. 

 

 Proposition 2. When withholding VAT is below the actual VAT liability ( VAW < ), with low 

penalties or audit probabilities, the firm faces a lower marginal cost of evasion and will evade as 

                                                      
8 Net credit means an overpayment while in net debit, the firm must make an additional payment. 
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long as .
(0)

(0)









v

v
p BB   

According to Proposition 2, under low audit probabilities or small penalties, firms no longer 

subject to withholding VAT will remit less tax. However, in the administrative organization of 

revenue authorities in many countries where withholding VAT is a feature of the tax system, 

taxpayer segmentation by turnover also creates a notched audit probability. For instance, Large 

Taxpayer Unit firms tend to have higher audit probabilities. Thus, the removal of withholding VAT 

may have no effect on their reporting and payment behavior. However, when withholdings are 

below the actual VAT liability (including the case of withholding policy removal), the risk of evasion 

will be higher for medium and small businesses. Senegal eliminated withholding VAT in two 

successive steps, first for large taxpayers and then for medium-size taxpayers. This is a useful context 

for a careful evaluation of the result presented in Proposition 2. 

 

4.2  The remittance decision of the withholding agent 

 

 Assume that the withholding agent (the buyer, firm A  in Figure 1) operates in a competitive 

market with a single good. Let F  be its output and H  its costs which are also what it purchased 

from the withholdee (sales of supplier and firm B in Subsection 4.1). The withholding agent’s value-

added is HFVAA = . It withholds an amount HW =  from the purchase transaction with the 

withholdee. However, the firm can choose to remit less than the full withheld amount. It can do so 

through an under-reporting of the costs of inputs it paid to its supplier, which allows it to capture 

part of the VAT withheld at source. The withholding agent has a decision set consisting of a menu 

of two cost functions },{ HH , respectively represent an accurate reporting and  under-reporting. 

Such a decision can, for instance, be justified by a desire to compensate for the costs it incurs to 

administer the collection and reporting on behalf of the tax authority. Hence it declares the withheld 

amount HWHWA   == . Correspondingly, the declared value-added amount 

HFVAHFX AA  == .  

It’s also worth mentioning that the firm could, in principle, use other channels to evade VAT. 

It can underreport  or overestimate its costs. Assuming the withholding agent is a large firm whose 

operations are visible, it might be strategic on its part to fraud on withholdings, anticipating that 

with limited resources, the tax authority is unlikely to audit its actual input costs via the books of its 

smaller suppliers.   If caught after an audit, the withholding agent faces a penalty 1>A  . When the 

withholding fraud goes unnoticed, the firm maximizes the following objective function  

AAA

nd

A XWWVAY  )(=  

)()(= AAAAA

d

A WWXWWVAY    

Firm A ’s net payment position in the non-detected and detected cases write  
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)()(=)(= HFHHXWWY AA

nd

A    

))(()()(==)()(= HHHFHHYWWXWWY A

d

AAAAA

d

A    

Next, consistent with the practice of taxpayer segmentation in many developing countries, I 

assume that to reduce its administrative costs and to maximize its coverage of smaller suppliers, the 

audit probability of withholding agents is contingent on size. More formally, 0=(0)0,> A
A p

F

p




 and 

1=lim AF p . Furthermore, I assume the manager is risk-averse with utility function )(v  . The 

firm’s manager solves  

 )()()(1=Max d

AA

nd

AA
H

YvpYvpV   

Considering an interior solution, setting first-order condition equal to zero yields 

 

 





1
<AAp  

Hence, the evasion decision depends on the withholding rate   as well as enforcement 

parameters, namely the audit probability 
Ap  and the penalty parameter 

A . Below are two 

propositions which follow from this result. 

Proposition 3 An increase in the withholding rate   raises the relative price of the marginal 

benefit of a truthfully reported unit cost of inputs (declare and remit less than what was withheld 

forom the supplier).  

 Proposition 4. Everything else the same, a decrease in the penalty parameter 
A  or a 

decrease in the audit probability 
Ap  will result in fewer remittances by the withholding agent.  

 

Proposition 4 is an important result since it emphasizes relevant parameters in the 

compliance decision of withholding agents. Though the risk of non-remittance by withholding 

agents is overlooked, it’s an important element to consider in the implementation of a withholding 

VAT system. In particular, when withholdings agents are other state institutions with significant 

economic or political clout, the penalty parameter is no longer relevant. Non-remittance could be 

rampant. 

 

4.3  Withholding VAT, excess-credits and intra-firm input allocation  

  Now, I turn to the effect of withholding VAT on the production decisions of firms which 

receive prices net of VAT, the withholdees.  

 

Consider a withholdee firm which accumulates credits after delays in the reimbursement of 

excess-withholdings. The firm’s budget is,therefore, expenditure constrained. If credit markets were 

perfect with the acceptance of withholding certificates as collateral for bank loans, the effect of 
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excess-withholdings and delays in reimbursement would matter less. But with imperfect credit 

markets 9 and a financial sector unwilling to accept withholding certificates as collateral for credit, 

then the build-up of excess-withholdings can lead to adjustments in input use and output production 
10. I use the approach from models in the agricultural economics literature to present expenditure-

constrained profit functions. Short-run and long-run credit constraints are known to affect farm 

production(Ciaian et al. 2011).  

Assume that the withholdee’s technology is characterized by a nonempty, compact and 

convex set with free disposal of inputs and outputs. Further assume that it operates with two inputs, 

labor L  and capital K . Let w  and R  be their corresponding input prices, which are strictly positive. 

Assuming 0>P  as the vector output prices, the withholdee’s profit function then writes 

 

 KRLwPH =  

The constraint on expenditures on inputs is modeled through the inclusion of parameters 
L  and 

K  {0,1} . When there is no withholding, 0=  and 0== KL  . The firm’s expenditure function 

writes 

 

 KRLwE KL   =)(  

Where the upper bound on expenditures, E , is a function of the withholding rate  . A reduction in 

the withholding rate reduces excess-credits and therefore relaxes the expenditure constraints. In 

formal terms, )(E  and 0<


E
 11.There are several cases to consider in the analysis of the effect 

of expenditure constraints on input use. Depending on the level input intensity and the subsequent 

build-up of excess-credits or the operational cash at its disposal to pay for non-creditable inputs 

such as labor, the firm may face different scenarios. I first analyze the case where no such constraints 

exist, either because there are no excess-credits or if the state reimburses them in due time. In 

general, The firm solves a constrained optimization problem as below 

 
0)>()(subject to

=Max





EKRLw

KRLwPH

KL 


 

Assuming only interior solutions, the optimum is characterized by 

 

                                                      
9 Strong information asymmetries and credit rationing 
10 To isolate the hypotheses on the effect of expenditure constraints on input use and production decisions, we must assume that the level of access 
to external financing does not change during the period under consideration. This is a strong assumption, which must be considered when 
interpreting model results. 
11 Of course, we abstract away from other factors, which can also affect the expenditure constraints. Factors specifically related to VAT design 
include (I) the existence of multiple rates, especially when those applicable to a firm’s purchases are higher than those on its sales, (ii) credit 
formation during an investment phase and (iii) credit formation to a focus on export-oriented operations or (iv) the existence of a substantial share 
of zero-rated items on a sale. 
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 RPH

wPH

KK

LL

)(1=

)(1=









 

Now, I present present several cases under different propositions. 

 

 Proposition 5. Without a withholding induced expenditure constraint (i.e. 

0==0,= KL  ), production decisions only depend on the relative market prices and the relative 

market value products of inputs. In other words, the equality 
R

w

PH

PH

K

L =  characterizes the 

equilibrium. This result is the same as in standard unconstrained profit maximization problem.  

Proof. Without an expenditure constraint, the problem reverts to the standard 

unconstrained optimization problem for the firm. The interior optimum is characterized by 

wPH L =  and RPHK = , from which the result follows.  

 

  Proposition 6. When withholding leads to the build-up of excess-credits to the point of 

symmetric expenditure constraints (i.e. 1== KL  ), the marginal value products of each input is 

greater than its per unit input cost ( wPH L >  and RPHK > ). Also, input use and output decisions 

are affected by the upper bound on expenditures as well as the relative market prices of labor and 

capital. Relaxing the upper limit on costs increases both the use of both inputs, as well as the 

production level. The extent to which either input increases depends on the relative market prices 

of labor and capital.  

Proof. See Appendix 8. 

Proposition 7. Under a symmetric expenditure constraint, any increase in the withholding 

rate leads to a decrease in output. Inversely, a reduction in the withholding rate leads to an increase 

in production.  

Proof. From the proof of Proposition 6, we know that 0>
E

H




. Since the level of expenditure is 

decreasing in the withholding rate, we also have 0<


E
. It follows that 0<=

 









 E

E

HH
 . 

The case described in Proposition 7 may arise for a capital intensive firm. A transaction with a 

withholding agent, combined with a delay in the reimbursement of excess-credits, can reduce the 

company’s ability to both acquire new inputs and or increase its labor force. 

 

4.4  Withholding VAT, resource allocation across firms and productivity  

 

Now, I turn to the effect of withholding on the resource allocation across firms. First, assume 

that the economy has a set of heterogeneous firms in a monopolistic competition market structure. 
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These production units have different efficiencies and face different distortions on output or input 

use based on the excess credits induced by the withholding policy. In contrast to the case analysis 

in the previous subsection, for simplicity, I assume that the Revenue Authority reimburses all excess 

credits with delays. This extension on the effects of withholding on resource allocation follows the 

presentation in Hsieh and Klenow 2009. A representative firm produces a single final good H  using 

a Cobb-Douglas technology while using the outputs of I  other sectors as its inputs. Hence, we have  

 i
i

I

i

HH



1=

=  

 With i  the contribution of sector i  in the value-added and 1=
1= i

I

i
 . The sector specific output 

iH  is itself characterized by CES technology, such that:  

 1

1

1=

][= 



 







ij

J

j

i HH  

 Where   is the intra-industry elasticity of substitution. The production function of the 

differentiated product ijH  writes  

 i
ij

i
ijijij LKAH

1
=  

 

 Now, I assume that withholding can introduce two distortions on capital and labor, either jointly 

reflected in the value of output or through their relative marginal products. An output distortion 

H  changes the marginal products of the two inputs by the same proportion. In the context of 

withholding VAT, firms with delays in the reimbursement of excess credits face a constraint which 

hinders their turnover growth, for instance with limitations on the purchase of new inputs or hiring 

decisions. Thus, H  would be high for them and low for firms which are unaffected. The second 

distortion, K , increases the marginal product of capital relative to the marginal product of labor. 

Again, firms affected by excess withholding have a higher cost of capital. Bank accept their 

withholding certificates as collateral for credits but with a haircut. Their implied cost of capital and, 

therefore, K  is higher compared to their peers. With these distortions and if the cost of capital R  

and the wage w  are constant, the objective function of the representative firm in sector i  and 

producing good j  with price ijP  can be formalized as  

 ij
ij

Kijijij
ij

Hij RKwLHP )(1)(1=    

  

Profit maximization yields the following marginal products in 2 and 3. The marginal revenue product 

of capital MRPK  is proportional to the turnover to capital ratio. The marginal revenue product of 

labor MRPL  is proportional to the average turnover per employee. For each production unit, 

idiosyncratic distortions on capital and labor drive resource allocation decisions which, in turn, lead 
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to differences in marginal revenue products between firms. Firms affected by withholding policy, 

either through higher output distortions or cost of capital, have higher marginal revenue products.  

 
)(1

)(1
=

ij
H

ij
K

ij

R
MPRK








     (2) 

 

 

 

ij
H

ij

w
MRPL

1
=  (3) 

 Again, following Hsieh and Klenow 20009, a firm’s revenue productivity is the geometric mean of 

the factor marginal revenue products and writes: 

 

 

ij
H

i

ij
K

i
ij

s
ij

i
ij

i
ij

ijij

ij MRPLMPRK
wLK

HP
TFPR

















1

)(1
)()(

)(
=

1

1
    (4) 

 

From 4, it’s clear that high marginal revenue products of labor and capital are associated 

with high TFPR . When a firm’s excess withholding raises its marginal revenue product of capital, it 

produces at a sub-optimal level. So, when the removal of the withholding policy reduces excess 

credits, we would expect the marginal revenue products of firms affected by the reform to decline 

in the post-reform period. They would, therefore, experience revenue, capital and employment 

growth. Finally, with assumptions on input shares and on the elasticity of substitution, the 

distortions and productivity parameters can be estimated as follows. 
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i

i
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K
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


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
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With these results and assumptions on the elasticity of substitution as well as factor shares, 

I can measure capital and output distortion before and after the withholding VAT policy reform, as 

well as infer about its impact on the productivity of firms. 
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5  Institutional background in Senegal 
  

 

5.1  Administrative organization  

 Senegal’s domestic tax system is administered by the Directorate General of Taxes and 

Domains (Direction générale des impôts et des domaines - DGID). DGID collects revenue on all direct 

and indirect taxes as well as registration rights. DGID has central services and operational services. 

The latter is divided into 20  tax centers, three of which are specialized tax units. A Large Taxpayer 

Unit (LTU) is in charge of all taxpayers whose turnover is greater than 1 billion CFA Francs, firms 

operating in sectors of strategic importance to Senegal’s economy, public institutions and 

businesses in cross-ownership arrangements. A Medium Taxpayer Unit (MTU) covers all businesses 

whose turnover is between 200 million CFA Francs and 1 billion CFA Francs. A third specialized tax 

unit administers taxpayers in regulated professions and which require their members to identify 

themselves through a registration process (lawyers, notaries, pharmacists, etc.). In general, 

specialized tax units have jurisdiction in Dakar, the administrative and economic capital of Senegal. 

All other tax centers cover different geographic blocks across the country.  

 

5.2  Value-added Tax (VAT) and withholding VAT 

 Senegal adopted its first value-added tax in the fiscal year 1980. Since then, the legislation 

has gone through multiple changes aiming to increase VAT performance with a simplification of the 

base, reductions of applicable rates and a greater inclusion of wholesalers 12. Since August 1, 1994, 

the West African Economic and Monetary Union (WAEMU) treaty set harmonizes indirect tax policy 

with statutory tax rates and tax bases. Later, the 1998 WAEMU directive set guidelines for VAT 

policy.Since then, the maximum VAT rate applicable in any member country has to be between 15 

and 20%. Senegal chose a VAT rate of 18%, closer to the upper bound and reflecting in part the 

narrowness of its VAT. A reduced rate of 10% applies to accommodations and food sales in the 

tourism industry. There is no official threshold for VAT registration. But most of the VAT registered 

firms are medium-size and large businesses, with the bulk of revenue collected from the latter 

group.  

 

By the th15  of every month, firms are required to declare all transactions in the preceding 

month subject to VAT. Firms fill a form which includes information on turnover a given month, sales 

not subject to VAT, applicable deductions and the amounts withheld at source by withholding 

agents, excess credits rolled over for the next period and finally the value of refund claims in process. 

Besides, withholding agents also submit a monthly list of suppliers for which they applied 

                                                      
12 Sometimes they are loosely defined as the informal sector. 
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withholding VAT, as well as the amounts withheld for each firm. If VAT operations result in a net 

credit, the amount can be rolled over to the following month and subtracted like other tax-

deductible business expenses. If the firm does not exhaust its excess credits, it may request a 

quarterly refund and at the latest within two years of the initial transaction which created the credit. 

Credits which are not reclaimed within two years are lost. Exporting companies, firms executing 

government contracts, public entities, and enterprises financed with aid or external debt can 

immediately ask for refunds in the month following the transaction which resulted in an excess 

credit.  

  

So, it is in this context that a reform came into effect in 2013 to eliminate VAT   management 

complexities . Senegal reformed its VAT system with the gradual removal of withholding  . From 

2004 to 2012, a withholding rate of 50% of the VAT amount was applied to firms registered at 

Senegal’s LTU while 100% of the VAT component of eligible transactions was withheld at source for 

all others. With the reform, first, for the LTU firms, the withholding policy was removed on January 

1st, 2013. Then, on January 1st, 2015 the policy was canceled for MTU businesses. 

  

6  Data 
  The data comes from the database tables of DGID, generated with a software called SIGTAS 

(Standard Integrated Government Tax Administration System).The database provides information 

on firm characteristics such as economic sector, business activity, location, incorporation type, the 

relevant tax center (LTU, MTU or other tax centers) and payments made for each tax and in every 

period. The data covers monthly and annual returns between 2010 and 2015, including 2  years 

before the reform, took effect for LTU firms and three years for MTU firms.  In this paper, I use the 

following tables: 

 

VAT Returns I use repeated cross-sections (monthly) of VAT returns   before and after the 

policy change. This dataset also includes withholding VAT for every reporting period. The main 

outcomes from this table are the payment and declaration (filling of returns) of VAT. This data table 

also includes standard information such as monthly turnover, exempt-sales, excess-credits and 

input deductions. 

Income Tax. Firms also file annual income tax returns, which they submit along with their 

financial statements. The annual income tax returns provide information about on annual turnover, 

the accounting profit of the firm, its taxable profit, physical capital formation, fixed and variables 

costs. 

PAYE. Every month, taxpayers also submit a form with the personal income tax withheld at 

source for each employee (Pay-As-You-Earn - PAYE data). These forms provide information on the 

wage bill and labor force of the firm. I use the PAYE data for information about the firm’s wage bill, 
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which is used in estimating the effect of withholding on productivity.  

  

I combine all these sources of information into a single dataset used for the analysis. Table 

2 displays summary statistics on the characteristics of firms registered at the LTU or the MTU. The 

majority of LTU firms are limited-liability corporations or partnerships with 95.69%  of them 

categorized as legal persons. They are also more likely to be in manufacturing and have higher gross 

profit margins. On the other hand, MTU firms are more likely to be sole proprietorships with 12.15%  

of businesses in this category, compared to 3.05%  for LTU firms.Tables 4 and 5 present the 

descriptive statistics on the VAT returns of LTU and MTU firms for the 20152010  period. 

 

7  Preliminary results on the effect of withholding reform on 

compliance and productivity 
  To assess firms’ compliance behavior after the removal of withholding VAT, I exploit the 

fact that the reform creates a quasi-experiment, setting itself for a difference-in-differences 

estimation. Table 2 displays the evolution of the withholding VAT policy parameters over time. The 

first wave of the reform occurs on Jan 01, 2013 for LTU firms, followed by a second change for MTU 

firms on Jan 01, 2015. The policy remains in place for all others. Using the staggered roll-out of the 

reform, I can define treatment and control groups in both periods. At each point, all the firms which 

are affected by the change are defined as treatment groups while the all other unaffected firms 

constitute a control group. The identification relies on a common trend assumption between firms 

in treatment and control groups. To test this hypothesis, I check whether the trends in the primary 

outcome variables are similar across the two groups during the years preceding the reform. For 

instance,Figure 7 plots the average share of firms which made positive VAT payments in the 

treatment and control groups for the LTU wave of the policy change. The two lines move in tandem, 

lending strong support to the validity of the parallel trends assumption. To estimate the effect of 

the reform on compliance, I run the following difference-in-differences specifications. 

   

itititiiitiitiit WPostTreatPostWWTreatPostTreatty   321=       (5) 

 Where ity  is firm i ’s outcome in period i , iTreat  is its treatment status, tPost  denotes the post-

reform period. The specification also includes an interaction term between the treatment status (=1 

if affected by the reform) and an indicator variable for firms with withholding-related  transactions 

in the two years preceding the reform. That is  0>1
0=

24=

t

titi WW
 . Finally, i  and t  are firm and 

month fixed effects, while i  is a linear time-trend and it  the error term. The treatment effect for 

firms affected which were affected by withholding VAT  before the reform is is  1 . The 

treatment effect fo firms which had no positive withholding VAT is 1 . 
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Tables 4-6 report very preliminary results of these two specifications in linear probability 

models for the payment and reporting margins of LTU firms. In model (1)  of Tables 4 and 5, I find 

that the reform has a negative and significant effect 0.05)<(p  on both the extensive and intensieve 

margin of VAT payment for LTU firms which experienced withholding VAT before, lending support 

to the argument that the termination of withholding leads to greater evasion. This result runs 

counter to our theoretical model which posited that the removal of withholding would have no 

effect on LTU firms because of higher audit probability. However, to make a definite conclusion on 

this, we would need to confirm those audit probabilities for LTU firms are indeed high. In case they 

are not, the result would not be surprising.   

   

 Models (1)  and (2) of Tables 4 and 5 shows that after the reform has no adverse effect on 

the behavior of MTU firms which previously had positive withholding VAT.  The result holds for both 

the intensive and extensive margins of VAT payment. Consistent with this result, I also find no effect 

on the filling behavior of these firms. 

 

Table 6 provides preliminary results on the impact of withholding policy termination on a very basic 

measure firm productivity. The outcome variable is the log of output per employee. I find that, for 

firms which previously experienced withholding, the reform had no effect on this basic measure of 

productivity. This result holds for medium-size businesses as well. In future versions of this paper, I 

will focus on more elaborate measures of productivity and their relationship with withholding VAT 

as presented in subsection 4.4. Updates will also include an empirical section on the behavior of the 

withholding agents, as well as robustness checks on regression results. 
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Tables 
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Sources: Tax code provisions and press coverage on withholdings in listed countries 
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                                                              Impact on the extensive Margin of VAT payment 

  (1) (2) 

 LTU MTU 

  =1 if VAT Paid>0 
=1 if VAT 
Paid>0 

Treatment*Post -0.0408*** 0.0401*** 

 (0.0137) (0.0130) 

Treatment*Withholding VAT -0.0162 0.0391* 

 (0.111) (0.0222) 

Withholding VAT*Post 0.0283*** 0.0113** 

 (0.00725) (0.00483) 

Treatment*Withholding VAT *Post -0.0391** -0.0400** 

 (0.0182) (0.0160) 

Constant 0.787*** 0.666*** 

 (0.0231) (0.00200) 

   

Month FE Yes Yes 

Firm FE Yes Yes 

Observations 116,540 648,862 

Number of firms 2,495 21,218 

R-squared 0.007 0.001 
Notes: This table displays the results on the extensive margin of VAT payment for LTU and MTU firms. Both (1) and (2) reflect the difference-in-

difference specification in (5). For example, (1) shows the results for large taxpayer unit firms, which were the treatment group in the first wave 

of the reform. It Displays the treatment effect of the reform on the intensive margin of VAT payments. The treatment effect on firms which had 

positive withholding VAT before the reform is (  1 ) = (-0.450)+(-0.947)=-1.397. This treatment effect is negative and significant at the 5% 

level.  Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
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                                                             Impact on Intensive Margin of VAT payment  

  (1) (2) 

 LTU MTU 

  Log (VAT Paid) Log (VAT Paid) 

Treatment*Post -0.450** 0.778*** 

 (0.219) (0.207) 

Treatment*Withholding VAT -0.647 1.036*** 

 (1.688) (0.371) 

Withholding VAT*Post 0.697*** 0.329*** 

 (0.124) (0.0648) 

Treatment*Withholding VAT *Post -0.947*** -0.772*** 

 (0.304) (0.254) 

Constant 12.01*** 8.142*** 

 (0.353) (0.0305) 

   

Month FE Yes Yes 

Firm FE Yes Yes 

Observations 115,600 639,069 

Number of firms 2,494 21,205 

R-squared 0.008 0.002 
Notes:  This table displays the results on the intensive margin of VAT payment for LTU and MTU firms. Both (1) and (2) reflect the difference-in-

difference specification in (5).  Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
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                                                            Impact on the declaration margin  

  (1) (2) 

 LTU MTU 

  =1 if VAT Declared =1 if VAT Declared 

Treatment*Post 0.0196* -0.00142 

 (0.0108) (0.0116) 

Treatment*Withholding VAT 0.0986** 0.0484*** 

 (0.0501) (0.0162) 

Withholding VAT*Post -0.0125* -0.0107*** 

 (0.00666) (0.00352) 

Treatment*Withholding VAT *Post -0.0228 -0.00378 

 (0.0144) (0.0137) 

Constant 0.807*** 0.648*** 

 (0.0108) (0.00172) 

   

Month FE Yes Yes 

Firm FE Yes Yes 

Observations 116,540 648,862 

Number of firms 2,495 21,218 

R-squared 0.004 0.002 
Notes:  This table displays the results on the declaration margin of VAT for LTU and MTU firms. Both (1) and (2) reflect the difference-in-

difference specification in (5).  Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
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                                                         Impact on turnover per employee  

  LTU MTU 

  Log (Turnover/Employee) Log (Turnover/Employee) 

Treatment*Post 0.417** 0.325* 

 (0.180) (0.189) 

Treatment*Withholding VAT 1.708* 0.670** 

 (1.027) (0.286) 

Withholding VAT*Post -0.0910 0.0686 

 (0.107) (0.0510) 

Treatment*Withholding VAT *Post -0.235 0.0313 

 (0.240) (0.223) 

Constant 12.24*** 8.895*** 

 (0.218) (0.0273) 

   

Month FE Yes Yes 

Firm FE Yes Yes 

Observations 116,540 648,862 

Number of firms 2,495 21,218 

R-squared 0.011 0.003 
Notes:  This table displays the results on the treatment effects of the withholding reform for LTU and MTU firms. Both (1) and (2) reflect 

the difference-in-difference specification in (5).  Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
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[Graphs on parallel trends here] 
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Appendix A: Proofs  
Proof. The proof uses 3 elements, namely the two results from the FOCs and the expenditure constraint. First recall that with 

1== KL  , we have 

 

 RKwLE KL  =  (1) 

 

Differentiating the constraint gives: 
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The FOCs are:  

wPHL )(1=   (3)   RPHK )(1=   (4) 

 

From 3 and 4, we have the following result 
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Totally differentiating this result gives: 
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Replacing 2 into 5 yields:  
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Re-arranging this expression gives the first comparative static with respect to labor L  
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Following the same steps, we arrive at the comparative static with respect to capital 
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For the effect on output, from the chain rule, we have 
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Replacing the results for 
dE

dL
 and 

dE

dK
 into this expression yields 
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