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Abstract

Are firms sophisticated maximizers, or do they consistently make errors? Us-

ing transaction-level data from Ugandan value-added tax returns, we show that sell-

ers and buyers report different amounts 79 percent of the time, despite invoices be-

ing easily cross-checked. We estimate that 27 percent of firms are disadvantageous

misreporters—they misreport own sales and purchases such that their tax liability

increases—while 73 percent are advantageous misreporters. Many firms—especially

disadvantageous misreporters—fail to (or under- ) report transactions they themselves

reported at customs, increasing their VAT liability. Unilateral VAT misreporting cost

Uganda about USD 383 million in foregone 2013-2016 tax revenue.
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1 Introduction

In economics, firms are seen as sophisticated organizations—maximizers that make con-
strained but optimal decisions by carefully assessing the true costs and benefits to the
firm. This assumption underlies the models that guide our understanding of how firms
behave. Strategic decision-making by firms is by and large taken as self-evident.

There is, however, growing evidence that some firms deviate from optimal behavior
(DellaVigna & Gentzkow, 2019; Kremer et al. , 2019; Hortacsu et al. , 2019). If a signif-
icant proportion consistently makes mistakes, the consequences for theory and policy
design would be far-reaching. Consider how firms in low-income countries should be
taxed—one of the most important questions for economic development (Besley & Pers-
son, 2009; Kleven et al. , 2016). The value-added tax (VAT)—now in use in 166 countries
around the world—is popular among economists in part because of its enforcement prop-
erties. The seller and buyer have asymmetric (mis)reporting incentives and invoices for
the same transaction can easily be cross-checked in firm-to-firm transactions (Ebrill et al. ,
2001; Kopczuk & Slemrod, 2006; Pomeranz, 2015). This is thought to make the VAT “self-
enforcing,” but the argument assumes that firms are sophisticated enough to infer the
likelihood of cross-checks and to accurately keep track of their sales and purchases.1

In this paper, we study the sophistication of firms’ decision-making in a low-income
country context by analyzing their tax reporting behavior. We use 2013-2016 transaction-
level VAT and customs records on all domestic and international trade involving the
22,388 VAT-registered firms in Uganda. In the first part of our analysis, we document
that sellers and buyers report different transacted amounts in 79 percent of reported firm-
pair×month VAT observations, using an approach akin to Fisman & Wei (2004)’s cross-
checking of “mirror” customs data. In 60 percent of mismatch transactions we find a
“seller shortfall,” namely the seller reporting the lower value, and in the remaining 40
percent a “buyer shortfall.” The latter cases are harder to rationalize since the buyer re-
porting less than the seller raises one or both firms’ tax liability, other things equal.

In the second part of our analysis, we develop a fixed-effects methodology that esti-
mates what fraction of each reporting discrepancy can be attributed to the seller vs. the
buyer, controlling for other firms’ time-invariant characteristics. Combining each firm’s
estimated reporting discrepancies as buyer and seller in turn allows us to categorize firms’
reporting behavior. Some report accurately on average; some overreport total purchases
and/or underreport total sales such that the firm’s overall liability decreases—what we

1Another reason why economists recommend the use of the VAT is that the tax in theory does not distort
production decisions. Note also that the self-enforcement property breaks down in sales to final consumers,
because in that case the buyer doesn’t have to file VAT invoices.
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interpret as strategic behavior in a low-enforcement context and label advantageous misre-
porting; and some make disadvantageous reporting mistakes that increase the firm’s overall
liability.2

We find that 73 percent of VAT-registered Ugandan firms are advantageous misre-
porters and 27 percent are disadvantageous misreporters. Among advantageous mis-
reporters, 11 percent “look small” by underreporting both sales and purchases and the
firm’s value-added (a form of behavior first identified by Carrillo et al. (2017) in Ecuador
that may benefit the firm). Another 76 percent are “conspicuous” advantageous misre-
porters that underreport their sales and overreport their purchases. The remaining 13
percent “look big” by overreporting both sales and purchases. Seventy-two (63) percent
of firms classified as advantageous (disadvantageous) in any given year remain in the
same category the following year.

In a series of robustness checks, we analyze several ways in which our estimates could
under- or overestimate the prevalence of reporting mistakes. We re-estimate our model
assuming extensive final sales underreporting, finding that the proportion of disadvanta-
geous firms is still large. When we account for estimation uncertainty, the ratio of advan-
tageous to disadvantageous misreporters remains stable around three, although in this
case we cannot rule out neutral tax-reporting behavior for a substantial share of firms.

In the third part of our analysis we consider how sophisticated and less sophisticated
firms behave in higher state capacity contexts. The case for the VAT assumes some degree
of capacity to cross-check firms’ tax reports. Our results suggest that low-income coun-
tries may not have such capacity. However, like models of firms’ response to other public
policies, the self-enforcing VAT hypothesis ultimately rests on a more fundamental as-
sumption: that firms behave strategically. Confused firms may not respond as anticipated
to enforcement incentives.

To investigate, we take advantage of goods being more closely monitored when mov-
ing through customs.3 We compare an import transaction report at customs versus the
same firm’s report of the same transaction on the credit side of its domestic VAT records.
While, as expected, double reports are more consistent when the same firm makes both
reports and one of the two is at customs, we find discrepancies in a remarkable 48 per-
cent of such cases. In particular, we again find evidence of firm mistakes. Firms reduce
their tax liability by overreporting their imported inputs in VAT returns in 14 percent of

2We interpret systematic underreporting of a firm’s liability as strategic behavior and systematic overre-
porting of a firm’s liability as mistakes. By classifying any systematic, self-advantageous reporting errors as
strategic behavior, we possibly underestimate the true extent of reporting inaccuracies.

3It is well documented that tariffs are more stringently enforced than domestic taxes, perhaps because
goods have to physically clear customs (Riezman & Slemrod, 1987; Keen & Lighart, 2002; Emran & Stiglitz,
2005; Keen & Lighart, 2005; Baunsgaard & Keen, 2010; Cagé & Gadenne, 2018).
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import transactions, while they increase their liability by underreporting in VAT returns
in 34 percent of transactions. Importantly, the latter form of disadvantageous behavior
is significantly more common among firms classified as disadvantageous misreporters in
domestic VAT data.

Overall, our findings suggest that the majority of Ugandan firms are sophisticated
enough to respond to weak tax enforcement by considerably underreporting their tax
liability, as conventional models of firm behavior assume. However, a non-negligible pro-
portion consistently make costly errors. We quantify the consequences of such errors and
(self-) advantageous misreporting for tax collection. We estimate that the government rev-
enue gain due to reporting errors by disadvantageous misreporters is large—around USD
138 million during 2013-2016. However, the revenue loss due to misreporting by advan-
tageous misreporters is even larger, at around USD 522 million. On net, unilateral VAT
misporting cost the Ugandan government around USD 383 million, or 4 percent of total
tax revenue collected, during 2013-2016.

This paper contributes to three related but distinct strands of the literature on firm be-
havior and taxation. First, we provide what to our knowledge are the first direct estimates
of the extent of mistakes in an economy-wide population of firms. The methodology we
develop allows us to classify individual firms’ behavior as self-advantageous or not, and
we observe the entire population of formal, non-micro firms in Uganda’s economy. Our
analysis builds on an emerging body of evidence of seemingly erroneous behavior among
firms (see among others Tourek, 2018; DellaVigna & Gentzkow, 2019; Hortacsu et al. , 2019;
Kremer et al. , 2019; Hjort et al. , 2020).4

Second, we provide new evidence on how tax evasion responds to the state’s enforce-
ment capacity, and in particular how firms characterized by different degrees of sophis-
tication respond. In this sense, our analysis builds most closely—methodologically and
thematically—on Fisman & Wei (2004)’s mirror data approach to measuring how tariff
evasion responds to the tariff rate. However, our focus is on variation in enforcement ca-
pacity, linking our analysis with existing work on the causes and consequences of state
capacity (Besley & Persson, 2009, 2010; Acemoglu et al. , 2015; Best et al. , 2019; Page &
Pande, 2018). We also build on existing studies of more-vs.-less attentive taxpayers’ re-
sponse to tax rates (Chetty et al. , 2009; Reck, 2016; Aghion et al. , 2018; Rees-Jones &
Taubinsky, 2018).5

4Tourek (2018) documents another form of suboptimal taxpayer behavior—firms reporting identical
amounts in their income tax year after year—in neighboring Rwanda.

5Chetty et al. (2009); Aghion et al. (2018); Benzarti (forthcoming); Gillitzer & Skov (2018); Rees-Jones &
Taubinsky (2018) provide direct evidence of tax-reporting mistakes by individuals. Like this paper, Aghion
et al. (2018) show evidence that more sophisticated taxpayers tend to react as theory predicts to tax incen-
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Finally, we show that the VAT is far from self-enforcing in low state capacity settings.
Building on work studying how policy should be tailored to context (Laffont, 2005; Best
et al. , 2015, 2019; Duflo et al. , 2018; Hansman et al. , 2019), our analysis—especially in
combination with other evidence that third-party reporting may not in itself generate tax
compliance (Carrillo et al. , 2017; Almunia & Lopez-Rodriguez, 2018; Waseem, 2018b)—
qualifies the common argument that developing countries are especially likely to benefit
from use of the VAT (see, e.g., Bird & Gendron, 2007).6 The massive magnitude of the
revenue loss from VAT evasion we document in Uganda—and the corresponding cross-
country patterns documented by Cagé & Gadenne (2018)—suggest that the production ef-
ficiency benefits of VATs relative to tariffs are at least in part offset by capacity-constrained
governments’ ability to raise revenue on domestic vs. international transactions.

2 Background

2.1 The Value-added Tax (VAT) in Uganda

Uganda’s tax-to-GDP ratio, at 13 percent in 2016, is below the African and OECD averages
of 18 and 34 percent (OECD, 2018), while the ratio of its tax administration costs to tax
revenues (2.4 percent) is similar to other low-income countries (IMF, 2013; Lemgruber
et al. , 2015).

The VAT was introduced in 1996 and in 2016 contributed 32 percent of Uganda’s total
tax revenue (excluding revenue from tariffs), similar to elsewhere in Africa (OECD, 2018).
The design of the Ugandan VAT is relatively standard, with a general rate of 18 percent,
a credit-invoice system and standard exemptions (e.g., financial services) and zero-rating
(e.g., exports). Appendix A.1 provides details.

Since 2012 all Ugandan VAT-firms must file their monthly VAT declarations electron-
ically, within 15 days of the transaction month ending.7 These must include detailed
transaction-level records—spreadsheets listing each sale to and purchase from other VAT-
registered firms. This implies that, every month, the Uganda Revenue Authority (URA)
receives two reports for each transaction between any two VAT-firms.

tives, while less sophisticated taxpayers do so to a lesser extent.
6Tax evasion research has demonstrated the importance of third-party reporting in developed countries

(Slemrod et al. , 2001; Kleven et al. , 2011; Kleven, 2014), but also its limitations (Slemrod et al. , 2017; Al-
munia & Lopez-Rodriguez, 2018). The existing literature shows that in middle-income countries whose
enforcement capacity significantly exceeds Uganda’s—Brazil, Chile, China, Ecuador, India, and Pakistan—
authorities’ ability to cross-check VAT records tends to reduce evasion (Ebrill et al. , 2001; Pomeranz, 2015;
Carrillo et al. , 2017; Mittal & Mahajan, 2017; Waseem, 2018a; Naritomi, 2019; Fan et al. , 2019).

7About 80 percent of VAT returns are reported within 15 days of the return month and another 9 percent
within the next month.
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2.2 Data

Our analysis exploits the complete administrative data from VAT-registered firms’ decla-
rations between 2013 and 2016.8 The monthly VAT data contain information at the firm
level, including a scrambled firm Tax Identification Number (TIN), the declaration date,
total sales/purchases (amount and VAT charged/paid), and total VAT liabilities. The tax
return also contains data from the spreadsheets, called VAT “schedules”, detailing each
transaction. These include the transaction date, the seller and buyer TINs, the transaction
value, and the VAT charged or paid. Schedule 1 (VS1) contains all sales transactions to
other VAT-registered firms. Sales to final consumers or non-VAT firms are recorded only
as a monthly aggregate. Schedules 2, 3, and 4 contain domestic input purchases, imports,
and administrative expenses. Importantly, the transaction-level information reported in
the VAT schedules is consistent with the firm-level reports in 97 percent of cases, suggest-
ing that the transaction-level records constitute meaningful paper trails.

Our dataset contains 22,388 unique VAT-registered firms submitting at least one monthly
VAT return between 2013 and 2016, and the transactions data cover 15,569 sellers and
19,421 buyers, leading to 3,373,183 seller-buyer-month observations.9

The data on imports comes from customs declarations submitted to the URA between
2012 and 2016. These are transaction-specific, submitted electronically, and include the
value of the goods imported, the type and number of items, and the date of import. The
TIN of the importer allows us to match the customs data to the domestic VAT data. 9,998
VAT-registered firms import at least once. More information is in Appendix A.1.

3 Discrepancies in VAT Declarations

In this section, we document massive VAT reporting discrepancies in Uganda at the seller-
buyer-month level.

3.1 Conceptual background

For a date j transaction, let ySsbj and yBsbj denote the output VAT charged (as reported by the
seller s) and the input VAT paid (as reported by the buyer b). We aggregate transactions
at the monthly level and define Y Ssbt ≡ ∑j∈Jt y

S
sbj and Y Bsbt ≡ ∑j∈Jt y

B
sbj where t denotes

the transaction month. We define “seller shortfall” as a situation in which the total VAT
8We refer to fiscal year 2013/14 as 2013.
9Out of 22,388 firms, 19,137 have non-missing firm-as-buyer and/or firm-as-seller fixed effect estimated

as described in Section 4 and therefore make up our main sample of analysis.
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charged is lower than the total VAT paid, i.e., Y Ssbt < Y Bsbt, and “buyer shortfall" as Y Ssbt >
Y Bsbt.

Seller shortfall may be due to the seller underreporting output VAT or the buyer over-
reporting input VAT (or both). In either case, it implies a potential financial gain for one
or both firms, as the reported tax liability is lower than the true liability. Symmetrically,
buyer shortfall may be due to the seller overreporting output VAT or the buyer underre-
porting input VAT (or both), which implies a potential financial loss for one or both firms.

Other things equal, buyer shortfall points towards errors in firms’ VAT declarations.
However, it might be rational for buyers to understate their purchases if they simultane-
ously understate their sales, e.g., because this allows them to report a less suspicious (say,
nonnegative) VAT liability. Carrillo et al. (2017) provide evidence of such “looking small”
behavior in Ecuador. Buyer shortfall cases could also be due to sellers engaging in also-
liability-reducing “looking big” behavior by overstating both their purchases and sales
while underreporting their value-added. In and of themselves, transaction-pair level dis-
crepancies thus do not allow us to distinguish between sophisticated, self-advantageous
tax evasion and systematic reporting errors.

3.2 Discrepancies

Ugandan firms’ average monthly reported VAT liability for the 2013-2016 period is slightly
negative, and the median is zero, as is common in developing countries (Lemgruber et al. ,
2015; Pomeranz, 2015). While only 15 percent of firms report negative or zero value-added
in a full fiscal year, the reported VAT liability is zero or negative for 52 percent of firms (see
Table A.1). This proportion is quite similar across VAT-registered firms of different sizes.
Many firms can report positive value-added but zero or negative VAT liability because
the latter includes offsets carried over from previous months. Since refund claims are
restricted, offsets are typically carried-over.

We observe seller shortfall in 47 percent and buyer shortfall in 32 percent of seller-
buyer-month observations. Figure 1 provides a graphical illustration of these discrepan-
cies. The vertical axis measures the (inverse hyperbolic sine of the) total monthly amounts
declared by sellers, and the horizontal axis that of the total monthly amounts declared
by buyers. The data are grouped into a grid where the color of each square represents
the number of observations, going from 1 (lightest gray) to more than 50,000 (black).
Squares on the 45-degree line correspond to observations where seller and buyer-reported
amounts match. Observations above (below) that line correspond to cases of buyer (seller)
shortfall. Sellers and buyers report the same amount in only 21 percent of the observa-
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tions.
We observe these widespread discrepancies despite taking a number of steps to avoid

detecting false discrepancies. First, we use transaction dates rather than seller/buyer fil-
ing dates. Second, we minimize mismatched transactions by (i) using firms’ aggregate
monthly records rather than individual transactions and (ii) not labelling as discrepancies
cases where the seller and buyer declare the same amount, only with a one or two-month
lag. Finally, we allow for rounding errors of 1,000 Ugandan Shillings (about USD 0.30).

The dashed curve in Figure 1 shows the average amount reported by sellers for dif-
ferent values of the buyer-reported amounts. The curve lies systematically below the
45-degree line, implying that seller shortfall is quantitatively more important than buyer
shortfall in aggregate terms. Additionally, the distance to the 45-degree line increases with
the transaction amount, suggesting that the fraction of the transaction amount unreported
is higher for larger transactions.

4 Classifying Firms’ Reporting Behavior

In this section we show that most Ugandan firms engage in strategic tax reporting behav-
ior, taking into account the country’s low-enforcement environment, as economic theory
predicts. We also show that, in contrast, a sizeable minority makes costly reporting mis-
takes. To do this we evaluate whether firms underreport their value-added—sales minus
purchases—such that their liability falls, or erroneously overreport their value-added.

4.1 Assigning the blame: two-way fixed-effects analysis

We allocate a share of the responsibility for each discrepancy to the seller and the buyer
based on the aggregate reporting accuracy of each firm in all their transactions, i.e., across
all periods and with all trading partners. The starting point is a two-way fixed-effects
model inspired by Abowd et al. (1999, 2002). We define the discrepancy between buyer f ,
and seller f ′ in month t as dff ′t ≡ Y Bff ′t − Y

S
ff ′t such that dff ′t > 0 implies seller shortfall

and dff ′t < 0 implies buyer shortfall. Then, we estimate the following regression:

dff ′t = δc + δbf + δsf ′ + δt + rff ′t, (1)

where δbf and δsf ′ denote buyer and seller fixed effects (defined at the firm level), respec-
tively; δt is a month fixed effect; δc is a constant and rff ′t is a residual error term. Since
dff ′t is the nominal value of the discrepancy, δsf can be interpreted as a firm’s average dis-
crepancy as a seller, in monetary terms, controlling for all time-invariant characteristics of
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its clients, such as average size and reporting reliability. Similarly, δbf ′ can be interpreted as
a firm’s average contribution to discrepancies as a buyer, controlling for all time-invariant
characteristics of its sellers.10

As shown in Abowd et al. (1999, 2002), the two-dimensional fixed effects are separately
identified only within a “connected set” of firms, which in our context refers to firm-pairs
that are linked by transaction and all of such firms’ trade partners. The largest connected
set observed during our 2013-2016 data period covers over 99 percent of all observations,
90 percent of sellers, and 94 percent of buyers. We thus restrict our analysis to this largest
connected set of firms.

4.2 Firm-level reporting behavior

We now formalize our classification of a firm’s reporting behavior. We construct a firm-
level discrepancy measure, Qf , adding up the two estimated fixed effects for firm f :

Qf ≡ ws · δ̂sf +wb · δ̂bf , (2)

where the weights ws and wb represent the number of firm-trading partner monthly ob-
servations as a seller or buyer, respectively.11 A firm engages in advantageous misreporting
behavior if Qf > 0, meaning that it reports in a way that reduces its aggregate VAT lia-
bility. Symmetrically, a firm engages in disadvantageous misreporting behavior if Qf < 0,
which implies that it reports in a way that increases its overall VAT liability.

We further classify advantageous misreporters into three subcategories. First, a firm
engaging in conspicuous advantageous misreporting is one for which ws · δ̂sf ≥ 0 and wb ·
δ̂bf ≥ 0. This implies that the firm both underreports its sales and overreports its purchases,
and hence appears not to be concerned with hiding its tax evasion from the tax authorities.
Second, a firm engaging in looking-small advantageous misreporting is one for which ws ·
δ̂sf ≥ 0 and wb · δ̂bf < 0. This implies that the firm underreports its sales and underreports
its purchases. Finally, a firm engaging in looking-big advantageous misreporting is one for
which ws · δ̂sf < 0 and wb · δ̂bf ≥ 0, thus overreporting its sales and its purchases.

The top panel of Table 1 shows the resulting classification of firms. We find that none of
the 19,137 Ugandan VAT-eligible firms report consistently on average, while 14,026 firms

10In Appendix A.2 we show results from running (1) with various controls included. These are generally
very similar.

11More precisely, δ̂sf = δ̂s
′
f + δc and δ̂bf = δ̂b

′
f + δc where δ̂s

′
f and δ̂b

′
f are the fixed effects estimated in (1).

By adding the mean discrepancy (δc) to the deviations from the mean (δ̂s
′
f and δ̂b

′
f ), δ̂sf and δ̂bf give us each

firm’s reporting discrepancies as a seller (respectively, a buyer) controlling for trading partners’ effect and
time variations.
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(73 percent) are advantageous misreporters. These results suggest that when the VAT is im-
plemented in a low-state capacity context without systematic cross-checks, the majority of
firms misreport in order to lower their VAT liability. Of the firms that misreport in an ad-
vantageous way, 76 percent are conspicuous advantageous misreporters, only 11 percent
are looking-small advantageous misreporters, and the remaining 13 percent are looking-
big advantageous misreporters. The high proportion of conspicuous advantageous mis-
reporters suggests that the majority of Ugandan firms believe that the tax authority is
unlikely to detect evasion by monitoring firms’ reported value-added.12

However, we also find that 5,111 firms (27 percent) misreport in a disadvantageous way.
A substantial share of firms thus simply make reporting errors, perhaps due to poor ac-
counting practices or lack of understanding of tax incentives.13 This result underscores
the importance of accounting for heterogeneity in firm sophistication in theory and policy
design.

Advantageous and disadvantageous misreporting occurs with comparable frequency
among smaller, medium-sized, and somewhat larger VAT-registered firms. In particular,
as seen in Figure A.1, the average Qf measure is similarly distributed across most of the
distribution of firm size. However, the figure also shows that the average Qf measure
markedly increases among the largest firms, suggesting that the largest firms are more
sophisticated tax (mis)reporters than other firms. A more detailed comparison of the two
types of firms is in Appendix A.2.

4.3 Robustness analysis

The methodology we develop—starting with the two-way fixed effects regression (1) and
thereafter classifying firm types using the resulting Qf measure—allows us to shed new
light on the sophistication of firms’ decision-making, but has limitations.

A first limitation is that we restrict attention to unilateral misreporting. A second is that
we define strategic behavior to include only systematic misreporting that benefits the firm
financially. If some systematic reporting errors lower the firm’s VAT liability, our estimate
of disadvantageous misreporting is a lower bound of the extent of erroneous reporting
behavior.

12The more surprising set of firms engaging in looking-big behavior may for example be due to such firms
believing that the tax authority pays more attention to small than big firms (see e.g., Amodio et al. , 2019).

13Given that negative liabilities can be carried over to later months, one example of disadvantageous mis-
reporting is not bothering to include all input purchases in the firm’s tax declaration when its true liability
is negative. We find, in fact, that firms classified as disadvantageous misreporters—especially those with a
negative buyer fixed effect—are 19 percent less likely to file a VAT return with a negative liability, but 21
percent more likely to file a null return (Table A.2). This is of course just one example of disadvantageous
misreporting behavior.
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A third limitation is that we do not observe misreporting of sales to final consumers.
If firms we classify as disadvantageous misreporters—those that overreport their firm-
to-firm sales or underreport their inputs—also underreport a large enough share of sales
to final consumers, their total misreporting may in principle be advantageous. To ad-
dress this concern, we re-estimate our model assuming that all firms underreport a given
proportion of their sales to final consumers. As seen in Table 2, the proportion of advanta-
geous firms increases to 76 percent when we assume that all firms underreport final sales
by 10 percent. Even assuming an implausibly high14 degree of misreporting of sales to
final consumers—50 percent—the share of disadvantageous firms is about 19 percent.

A final concern is the potential influence of sampling error on fixed effect estimates of
objects of interest (Lancaster, 2000). First note that, in our setting, each additional firm
observed yields more observations in both of the two fixed effects dimensions (buyer and
seller), since each firm trades with others and is itself both a seller and buyer. Therefore
the estimated fixed effects are arguably asymptotic both in N and T , instead of only in T ,
as is usually the case.15

To investigate sampling error concerns empirically, we estimate 95% confidence inter-
vals around each of our point estimates for Qf , using a bootstrapping routine to estimate
the covariance between each firm’s seller and buyer fixed effect. Then we classify firms
into two groups based on their reporting variability. In order to define low variability, we
take as a benchmark the subset of firms that display a discrepancy of zero in 60 percent
or more of their trading partner-month observations in the raw data. Firms with a con-
fidence interval smaller than the average of this subset of firms are considered to have
low reporting variability (7,900 firms), and the rest are considered to have high report-
ing variability (11,237 firms). For these two subgroups, we reassess the fraction of firms
that are advantageous or disadvantageous misreporters, and we label as “neutral” any
firm whose confidence interval includes zero (see Table A.3). The share of neutral firms
is large in both subgroups (about 88 percent), but the relative proportion of advantageous
and disadvantageous firms is notably stable around 3 in the two groups—close to the 2.74
proportion found in our main estimates in Table 1.

As an alternative robustness test, we re-do the estimation of (1) and the classification
of firms via (2) separately for each year in our sample. As shown in Appendix A.2, we
find that 72 (resp., 63) percent of firms classified as advantageous (disadvantageous) mis-

14Assuming that the entire VAT compliance gap estimated for Uganda is due to evasion on sales to final
consumers—which this paper shows is far from the case—would imply that firms misreport sales to final
consumers by 50 percent (IMF, 2014).

15This distinguishes our setting from traditional applications of the Abowd et al. (2002, 1999) methodol-
ogy to employer-employee data, where the two fixed effects dimensions are units of different nature.
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reporters in year t stay within that classification also in the subsequent year. This suggests
that we primarily capture systematic components of firms’ reporting behavior that persist
across years. It also suggests that disadvantageous behavior is somewhat less persistent
over time than advantageous behavior.

4.4 Revenue consequences

We documented in Sub-section 3.2 that Ugandan sellers and buyers report different val-
ues in 79 percent of VAT transactions, and that 60 percent of such mismatch transactions
involve a “seller shortfall”. This suggests that, in aggregate, the revenue consequences of
VAT misreporting for the Ugandan government are likely adverse and potentially large,
but also that there may be significant positive revenue consequences from the observed
disadvantageous misreporting.

An increased (or decreased) liability attributed to one firm may have different revenue
consequences from one attributed to the other firm involved in a given transaction (see
Appendix A.3). To proceed, we thus divide up each reporting discrepancy dff ′t between
the two firms using the seller and buyer fixed effect estimated in Sub-section 4.1. If the
two fixed effects have the same sign, we assign shares of the discrepancy in proportion to
these. If instead the two fixed effects have opposite signs, we assign the entire discrepancy
to the firm whose fixed effect matches the sign of the discrepancy. Details are in Appendix
A.3.

Our estimates imply that the Ugandan government would have lost USD 138 million
in tax revenues during 2013-2016 if (only) disadvantageous misreporting were eliminated,
as seen in the bottom rows of Table 3. If (only) advantageous misreporting were elim-
inated, our estimates imply a revenue gain of about USD 522 million. If both forms of
misreporting were eliminated, our estimates imply a revenue gain of USD 383 million, or
about 28 percent of the total VAT collected.16 These estimates are very similar if we use an
alternative way to apportion discrepancies based on the estimated fixed effects, and also
if we naively assume that all instances of seller shortfall are entirely due to sellers and all
instances of buyer shortfall due to buyers, as shown in Appendix A.3.

16Many Ugandan firms have positive outstanding balances with the URA. This helps explain why the
revenue consequences of eliminating disadvantageous misreporting are smaller (in absolute value) relative
to those of eliminating advantageous misreporting than the estimated relative size of the magnitude of the
two forms of misreporting themselves. This, in combination with the correlation between individual firms’
buyer and seller shortfalls (see Sub-section 4.2), also helps explain why the revenue gain from eliminating
all VAT misreporting is smaller than the sum of the gain from eliminating respectively disadvantageous and
advantageous misreporting.
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5 Enhanced Enforcement Capacity and VAT Evasion by Strate-

gic and Confused Firms

In this section we show that both sophisticated and less sophisticated firms misreport
less when the state’s tax enforcement capacity is greater, but that less sophisticated firms
adjust their behavior to a lesser extent. To do so, we leverage the fact that imports are
subject to greater oversight than domestic transactions.

Our empirical exercise is closely related to the discrepancy analysis in Section 4. When
Ugandan firms file for customs clearance of an import transaction, they are required to pay
the VAT on the imported goods plus tariffs. Later, they should declare the input VAT paid
on imports on their VAT “schedules” in order to obtain the corresponding tax credit. We
thus compare a given firm’s double reports of the same transaction amount, one at customs
and one in domestic VAT returns. We do so in the sample of firms that report at least one
import transaction between and for which we estimate seller and buyer fixed effects in the
analysis of domestic transactions (N=9,318). Observations are at the firm-month level.

We find that the same amount is reported at customs and in the firm’s VAT declaration
in 53 percent of observations. In 14 percent of cases, the firm claims a larger amount
in VAT credit than what it reported at customs, thus reducing the firm’s VAT liability.
This self-advantageous misreporting is less frequent than occurences of seller shortfall in
domestic transactions, in line with the intuition that many firms adjust their behavior to
the state’s enforcement capacity.

In the remaining 34 percent of observations, firms report a lower amount in their VAT
declaration than at customs, thus leaving input tax credit unclaimed. This behavior—
we label it seemingly anomalous—is analogous to buyer shortfall discrepancies in domestic
VAT transactions, with the difference that here, the same firm makes both tax declara-
tions. Seemingly anomalous underclaiming of input tax credit from imported goods may
reflect disadvantageous behavior. Suggestive evidence that this is part of the explanation
comes from cross-sectional and time variation in such cases. First, monthly VAT returns
reporting a null tax liability are 22 percentage points more likely to display seemingly
anomalous import reporting than returns with a positive VAT liability, perhaps because
some firms with a null VAT liability do not bother claiming input VAT credits from im-
ports (see Table 4). (Footnote 13 discusses a similar form of disadvantageous misreporting
in domestic VAT reporting). Second, seemingly anomalous reporting is less frequent in
the early and final months of each fiscal year, when tax matters may be more salient to
taxpayers (see Table A.4). However, seemingly anomalous reporting may also represent
strategic behavior. There is for example anecdotal evidence that some goods are imported
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into Uganda by businesses even though they are destined for final consumption by in-
dividuals. Because these are not actual business inputs, they do not generate input VAT
credits and are legitimately not reported as such.

To investigate, we compare transaction amounts reported at customs and in domestic
VAT declarations separately for firms that we classified as advantageous and disadvanta-
geous misreporters based on (purely) domestic VAT transactions in Section 4. In Table 4
the outcome variable is a dummy variable that is equal to one for monthly observations
with seemingly anomalous reporting as defined above.17

We find that disadvantageous misreporters and firms with a negative buyer fixed effect
are respectively 4.5 and 8.2 percentage points (13 and 24 percent) more likely to engage
in seemingly anomalous reporting of imports than other firms.18 These estimates, shown
in columns 1 and 3 of Table 4, help validate the classification procedure in Section 4 and
imply financially irrational behavior by firms, especially those that engage in disadvanta-
geous VAT (mis)reporting.

We find no statistically significant difference in self-advantageous misreporting of im-
ports between advantageous and disadvantageous misreporters (see Table A.5). Both
types of firms appear to adjust their behavior to the verifiable nature of imported inputs
and engage in less self-advantageous misreporting of imports than self-advantageous
misreporting of domestic transactions.

Overall, the results in this section indicate that strategic firms misreport less when the
state’s tax enforcement capacity is greater, while confused firms do so to a lesser extent.

6 Conclusion

In this paper we study the sophistication of firms’ decision-making, using tax report-
ing behavior in a low-enforcement setting—Uganda—as a lab for analyzing the extent to
which firms make decisions that benefit themselves. We document widespread discrep-
ancies between seller and buyer VAT reports, with dramatic consequences for tax revenue
collected. By comparing a given firm’s misreporting of sales and purchases over time,
we show that, while a majority of firms misreport in a way that reduces their tax liabil-
ity, a non-negligible fraction—about a quarter—consistently misreports such that their tax
liability increases.

17We allow for rounding errors and pure timing mismatches, in the same way as in Section 4. We also
control for firm size (deciles of reported annual turnover) and sector in all specifications.

18These estimates remain essentially unchanged when we control for null VAT reported or include dum-
mies for the type of goods being imported, as seen in columns 2 and 4. Note also that the coefficient for firms
with a negative seller fixed effect is negative and smaller in magnitude, although statistically significant.

13



In the second part of the paper, we show that firms classified as strategic and confused—
advantageous and disadvantageous misreporters—respond differently to the state’s tax
enforcement capacity. All firms misreport less at customs where goods are subject to
greater monitoring, but confused firms are more likely to underreport their input tax
credit for imported goods on their VAT returns, leaving tax credits on the table. We in-
terpret these findings as indicating that (i) the proportion of firms that do not engage in
sophisticated optimization as usually assumed is high—with important implications for
theory and policy—but (ii) the majority of firms nevertheless respond to low state capacity
by evading taxes. Together, these two conclusions call into question the self-enforcement
properties of the VAT in limited enforcement contexts.
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Figures

FIGURE 1
DOMESTIC VAT AMOUNTS DECLARED BY SELLERS VS BUYERS

Notes: This figure plots the inverse hyperbolic sine (asinh) transformation of amounts reported by sellers over that by buyers for all
monthly transaction data in fiscal years 2013-2016. The data are grouped into a 0.05 × 0.05 grid and the color represents the number
of observations in each square, going from 1 (lightest gray) to more than 50,000 (black). Squares on the 45-degree line correspond to
observations where seller and buyer-reported amounts match. Observations above that line correspond to cases of buyer shortfall,
while those below indicate cases of seller shortfall. The dashed line represents the conditional mean of asinh(Amount reported by
sellers) for the values of asinh(Amount reported by buyers). Data source: VAT Schedules data for fiscal years 2013-2016.
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Tables

TABLE 1
FIRM TYPE CLASSIFICATION BASED ON Q STATISTIC

No. of Firms Share of firms
Advantageous 14,026 0.73

Conspicuous 10,732 0.56
Looking small 1,503 0.08
Looking big 1,791 0.09

Disadvantageous 5,111 0.27
Ratio of Adv. to Disadv. 2.74
N 19,137

Notes: Data Source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016. Firm types are defined based on Q(f ),
which is calculated as the weighted sum of the estimated firm-as-buyer fixed effect and firm-as-seller fixed effect, i.e., : Q(f ) =
ws · δ̂b + wb · δ̂s. ws (respectively, wb) is the number of firm-trading partner monthly obervations as a seller (resp., as a buyer).
(1) Advantageous: Q(f ) > 0. Advantageous firms are further categorized into: (1a) Conspicuous Advantageous: ws · δ̂s(f ) ≥ 0
and wb · δ̂b(f ) ≥ 0; (1b) Looking small Advantageous: ws · δ̂s(f ) ≥ 0 and wb · δ̂b(f ) < 0; and (1c) Looking big Advantageous:
ws · δ̂s(f ) < 0 and wb · δ̂b(f ) ≥ 0. (2) Disadvantageous: Q(f ) < 0.
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TABLE 2
FIRM TYPES ASSUMING UNDERREPORTING OF SALES TO FINAL CONSUMERS

Panel A Panel B Panel C
10% of sales to FC 30% of sales to FC 50% of sales to FC

No. of Firms Share of firms No. of Firms Share of firms No. of Firms Share of firms
Disadvantageous 4,508 0.24 3,959 0.21 3,605 0.19
Advantageous 14,629 0.76 15,178 0.79 15,532 0.81

Conspicuous 11,568 0.60 12,120 0.63 12,445 0.65
Looking small 1,861 0.10 2,226 0.12 2,481 0.13
Looking big 1,200 0.06 832 0.04 606 0.03

Notes: Data source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016. This table presents summary statistics
for firm-types, assuming various percentages of sales to final consumers are subject to seller shortfall. Firm types are defined based
on Q(f ), which is calculated as the weighted sum of the estimated firm-as-buyer fixed effect and firm-as-seller fixed effect, i.e.,
: Q(f ) = ws · δ̂b + wb(·δ̂s + FC). ws (respectively, wb) is the number of firm-trading partner monthly obervations as a seller
(resp., as a buyer). FC indicates average monthly unreported sales to final consumers: in Panel A, we consider that sellers do not
report 10 percent of their sales to final consumers, in Panel B, 30 percent, in Panel C, 50 percent. (1) Advantageous: Q(f ) > 0.
Advantageous firms are further categorized into: (1a) Conspicuous Advantageous: ws · δ̂s(f ) ≥ 0 and wb · δ̂b(f ) ≥ 0; (1b) Looking
small Advantageous: ws · δ̂s(f ) ≥ 0 and wb · δ̂b(f ) < 0; and (1c) Looking big Advantageous: ws · δ̂s(f ) < 0 and wb · δ̂b(f ) ≥ 0. (2)
Disadvantageous: Q(f ) < 0.
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TABLE 3
REVENUE CONSEQUENCES BY FIRM TYPE

(1) (2) (2a) (2b) (2c)

All Disadv. Adv. Conspic. Looking
Small

Looking
Big

No. of distinct firms 19,137 5,111 14,026 10,732 1,503 1,791
Percentage of all firms (100%) (27%) (73%) (56%) (8%) (9%)
Total net VAT due 1,553,971 669,721 884,250 558,794 113,157 212,299

Seller shortfall
Number of distinct firms with seller shortfall 17,249 4,258 12,991 9,751 1,482 1,758
Total net VAT due from firms with seller shortfall 1,275,917 575,195 700,722 438,926 95,317 166,479
Total VAT subject to seller shortfall 899,736 101,761 797,975 349,518 398,076 50,381

Buyer shortfall
Number of distinct firms with buyer shortfall 17,979 4,804 13,175 9,918 1,482 1,775
Total net VAT due from firms with buyer shortfall 1,316,813 612,195 704,618 439,889 96,937 167,791
Total VAT subject to buyer shortfall 727,354 419,678 307,675 148,332 51,837 107,506

Correcting seller shortfall and buyer shortfall
Impact on total net VAT due 383,730 −138,421 522,151 205,956 326,524 −10,328
Percentage of total VAT collected 28.2% −10.2% 38.3% 15.1% 24.0% −0.8%

Notes: Data Source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016. Revenue consequences are calculated by correcting the VAT liability in the last month of the
year for the total VAT under seller shortfall and under buyer shortfall. Shortfall is assigned using firms’ estimated fixed effects, see Appendix A.3 for details. The first column shows
results for the whole sample, while Columns (1) to (2c), firms are divided into sub-types based on their Q(f ) statistic. Q(f ) = ws · δ̂b + wb · δ̂s. ws (respectively, wb) is the number of
firm-trading partner monthly obervations as a seller (resp., as a buyer). (1) Disadvantageous: Q(f ) < 0. (2) Advantageous: Q(f ) > 0. Advantageous firms are further categorized
into: (2a) Conspicuous Advantageous: ws · δ̂s(f ) ≥ 0 and wb · δ̂b(f ) ≥ 0; (2b) Looking small Advantageous: ws · δ̂s(f ) ≥ 0 and wb · δ̂b(f ) < 0; and (2c) Looking big Advantageous:
ws · δ̂s(f ) < 0 and wb · δ̂b(f ) ≥ 0. All values are in thousands of USD.
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TABLE 4
NON SELF BENEFICIAL BEHAVIOR AT CUSTOMS AND FIRM TYPE

Dep.Var.: non-self beneficial (NSB) reporting
Firm Type (1) (2) (3) (4)

Disadvantageous 0.045∗∗∗ 0.041∗∗∗

(0.010) (0.009)

Null VAT 0.220∗∗∗ 0.213∗∗∗

(0.012) (0.012)

Negative Buyer FE 0.082∗∗∗ 0.069∗∗∗

(0.009) (0.009)

Negative Seller FE -0.007 0.001
(0.009) (0.008)

Month-Year FE Yes Yes Yes Yes
Size and Sector FE Yes Yes Yes Yes
HS Share of Import No Yes No Yes
N 123303 123303 123303 123303
R2 0.03 0.07 0.03 0.07
Mean of dep. 0.34 0.34 0.34 0.34

Notes: Data source: VAT Schedule 3, MVR and Customs data for fiscal years 2013-2016. This regression analyzes whether
Disadvantageous firms, and firms which have a negative seller (buyer) fixed-effect are more likely to behave in a non-self beneficial
way at customs. Observations are at the firm-month level. The dependent variable is a dummy equal to one if the firm claims lower
VAT amounts incurred on imports in VS3 than VAT paid on imports recorded in the Customs data in the same month. We allow for
1,000 UGX rounding and for pure timing mismatches. In Columns (1) and (2), the explanatory variable of interest is a (time invariant)
dummy for firm type, equal to one if the firm is classified as Disadvantageous, based on the value of Q(f ), as explained in Section 4.4.
In Columns (3) and (4), the explanatory variables of interest are dummies equal to one if the buyer (resp. seller) fixed-effect estimated
for the firm as described in Section 4 is negative. In all specifications, we control for firm size as measure by annual decile of reported
turnover, and for firm sector. In Columns (2) and (4), we additionally control for null monthly VAT liability as reported in MVR, and
for the type of goods imported as measured by dummies for each of the 21 HS Good Code Sections, equal to one if the firm imports at
least one good from the corresponding section. Standard errors, clustered at the firm level, are in parentheses. *** p < 0.01, ** p < 0.05,
* p < 0.10.
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A Appendix

A.1 Background on the VAT in Uganda

A.1.1 Institutional background

The Ugandan VAT – introduced in 1996 – follows a relatively standard design. A gen-
eral rate of 18 percent applies to all sales, with the usual exemptions for necessities and
some services.19 Firms with an annual turnover above 50 million Ugandan Shillings (USD
13,700)—a threshold raised to 150 million Ugandan Shillings (USD 41,100) in fiscal year
2015-16—are required to be registered for the VAT, while smaller firms can choose to pay
a simplified turnover tax.20 As in other countries, exports are zero-rated, but the VAT ap-
plies to imports. The VAT on imports is directly paid at customs, and can be credited as
input in the VAT declarations.21 VAT firms are required to submit monthly VAT declara-
tions to the Uganda Revenue Authority (URA). Payments of positive tax liabilities are due
within 30 days of the declaration. Refunds in the case of negative VAT liabilities are re-
stricted. Negative liabilities of less than 5 million Ugandan Shillings (USD 1,370) can only
be carried over as offset against future VAT liabilities (indefinitely). If the stock of nega-
tive liabilities is above this threshold, firms may request a refund but this triggers a desk
audit by the URA. The strict regulation of VAT refunds is common practice in low-income
countries (Lemgruber et al. , 2015).

While the rules regarding VAT declaration and payment are similar across all VAT
firms,22 the URA categorizes firms into three groups for monitoring and enforcement pur-
poses: large taxpayers are handled by a specific Large Taxpayer Office (LTO); medium-
size taxpayers are handled by the Medium Taxpayer Office (MTO); and smaller firms are
handled by the local URA offices spread out across the country.23 For further institutional
details and descriptive statistics on the VAT system Uganda, see Almunia et al. (2017).

19For instance, unprocessed agricultural products and medical, educational and financial services are
exempted from VAT. Another set of goods and services are zero-rated. A firm producing zero-rated goods
may claim input tax credits, while VAT paid on inputs used in the production of exempted goods cannot be
recovered (Uganda Revenue Authority, 2016).

20This turnover tax replaces both the VAT and the CIT. Firms below the registration threshold may choose
to enter the VAT system on a voluntary basis. After the threshold was increased, the majority of firms
between the new and the old threshold remained in the VAT system.

21Total VAT revenues are divided almost equally between the contributions from the domestic VAT and
the VAT on imports.

22With the exception that firms with an annual turnover below 200 million Ugandan Shillings (USD
55,026) may apply for their VAT to be calculated using cash basis accounting.

23LTOs are firms with an annual turnover above 15 billion Ugandan Shillings (USD 4.1 million) and/or
belonging to specific sectors such as oil and mining, banking, insurance, and government departments.
MTOs are firms with a turnover above 2 billion Ugandan Shillings (USD 550,260, threshold increased to 5
billion Ugandan Shillings/USD 1.3 million in 2015). STOs are firms with an annual turnover lower than
the MTO threshold, but above 50 million Ugandan Shillings (13,700 USD, threshold increased to 150 million
Ugandan Shillings/USD 41,100 in 2015). Below this threshold, which is the same as the mandatory VAT
registration threshold, firms are classified as Micro Taxpayers.
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A.1.2 Computation of revenue consequences

To compute revenue consequences of misreporting in the VAT, we rely on firms’ monthly
VAT declarations, and then aggregate the revenue implications at the yearly level.24 When
discrepancies are detected at the monthly level within a firm pair, we need estimates of
how much of the reporting gap is due to the buyer and the seller, so that we can calculate
the overall firm-level reporting discrepancies and the corresponding VAT liability. This
is necessary because an increased (or decreased) liability attributed to one firm involved
in a given transaction may have different revenue consequences from one attributed to
the other firm involved in the transaction. For example, if a firm reports a negative VAT
liability in a given month, “correcting” one case of seller shortfall may still leave it with
a negative liability vis-a-vis the tax authority. Our main results aggregate the revenue
consequences over the 2013-2016 period.

A.2 Two-way fixed effect analysis

In this section, we present further details for the two-way fixed effect analysis and results
from the robustness checks .

A.2.1 Comparison of advantageous and disadvantageous firms

After classifying firms into Advantageous and Disadvantgeous type as described in Sec-
tion 4, we compare the observable characteristics of each firm-type. Results are shown
in Table A.6. We regress a dummy variable for being an Advantageous firm, on a set of
firm characteristics. To facilitate comparison, all variables are standardized and have unit
standard deviation. We display results for the OLS regression (Columns 1 and 2), and for
a LASSO regression (Column 3). The LASSO results show that the characteristics which
are significantly different across firm types are the following: Advantageous firms are
less likely to belong to the Medium or Large Taxpayers Office (MTO or LTO). This seems
consistent with the idea that MTO and LTO firms are under higher scrutiny. Advanta-
geous firms have a higher ratio of sales to final consumers, and are more dowstream. This
seems consistent with the idea that VAT compliance is stronger higher up in the produc-
tion chain. Advantageous firms are more likely to be in the manufacturing and wholesale
and retail, sectors, and less likely to be in the mining, transportation/accomodation, fi-
nancial, real estate and public administration and sectors.

A.2.2 Panel estimation

Exploiting the panel dimension of the data, we investigate if firms that have self-advantageous
reporting behaviors in one year tend to be the same ones that have them in the next year.
This allows us to verify whether our classification is consistent over time.

We compute the transition matrix by comparing a firm’s classifications for different
years. That is, we run Equation (1) separately for each year in the sample:

24The fiscal year in Uganda runs from July to June.
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dff ′t = δbfy + δsf ′y + δt + rff ′t, (A.1)

where y = Fiscal Year 2013 to Fiscal Year 2016.
Since the buyer and seller fixed effects are only identified within a “connected” set

(Abowd et al. , 1999), we follow Card et al. (2013) and restrict the analysis to the largest
connected set of buyer-seller network for each year. We also restrict the sample to firms
that appear at least in two consecutive years. Table A.7 shows the results as a transition
matrix laying out firms’ classification in year t+ 1 conditional on their year t classification.
We find that 72 percent of advantageous firms and 63 percent of disadvantageous firms
stay within their classification in the following year.

A.2.3 Robustness

We perform two robustness checks by varying the sample used for the two-way fixed ef-
fect estimation. First, we re-run the two-way fixed effect regression by including controls
that affect the propensity of two firms to trade with each other. The objective is that by con-
trolling for these, the likelihood for a seller to trade with a particular buyer is as good as
randomly assigned. Specifically, we include two variables, one accounting for geographi-
cal proximity, and one accounting for sectoral complementarity. The first one is a dummy
variable for whether two firms are located in the same sub-county.25 The second one is
the share of products from the seller’s sector that are sold to the buyer’s sector. To com-
pute this, we use the official aggregate sector-level Input-Output tables calculated by the
Ugandan Bureau of Statistics for financial year 2009. Introducing the controls decreases
the sample of firms from 19,137 to 18,629. The results are shown in Panel A of Table A.8.
They are similar to what we obtained when running the regression without controls: 75
percent of firms are classified as Advantageous (against 73 percent in the main analysis)
and 25 percent are classified as Disadvantageous. Among the Advantageous firms, the
respective shares of Conspicuous, Looking-small and Looking-Big are very similar to the
ones in the main analysis.

Second, we replicate the analysis on a more consistent sample, keeping only firm-pairs
with a number of observations larger than ten, to assess the extent to which this affects
the results. The firm classification is displayed in Panel B of Table A.8. The share of
Advantageous firms increases to 88 percent. Among advantageous firms, a larger share
are classified as conspicuous – 91 percent, against 77 percent in the main analysis.

A.3 Firm type classification and revenue consequence computation

A.3.1 Details on revenue consequences

In the baseline approach, we divide the “blame” for each reporting discrepancy using
the estimated fixed effects. The idea is to assign shares of the discrepancy proportionally
based on the relative sizes of each firm’s fixed effect. We present our methodology for-
mally here. Let sit ∈ [0, 1] be the share of the discrepancy assigned to buyer 1 and seller 2.

25Uganda is divided up into a total of 1,403 sub-counties (Electoral Commision, 2016).
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Then:

s1t =


δ̂b1

δ̂b1+δ̂
s
2

if δ̂b1 · δ̂s2 > 0
0.5 if δ̂b1 = δ̂s1 = 0
1 if δ̂b1 · δ̂s2 < 0 and δ̂b1·d12t > 0

For example, suppose δ̂b1 = 30 and δ̂s2 = 10. For seller shortfall cases (d12t > 0), we
assign s1t = 0.75 and s2t = 0.25. In the case of buyer shortfall (d12t < 0), we assign
s1t = 0.25 and s2t = 0.75. If the two relevant fixed effects have opposite signs, e.g. δ̂b1 = 30
and δ̂s2 = −10, we assign s1t = 1 and s2t = 0 in case of seller shortfall, and s1t = 0 and
s2t = 1 in case of buyer shortfall.

A.3.2 Alternative revenue consequences

In the revenue consequence evaluation, we also consider an alternative method to assign
a given discrepancy observed for a firm pair to the buyer and the seller involved. This
approach uses information on the relative contributions of the two firms, revealed by their
estimated fixed effects.

For a given discrepancy dff ′t in a given month t between the two firms involved (say, a
buyer f = 1 and a seller f ′ = 2), we first calculate the difference in the two estimated fixed
effects for the two firms involved, i.e., δ̂b1 − δ̂s2. If the absolute value of d12t is greater than
the absolute value of the difference, we allocate the discrepancy between the firm pair
such that the assigned discrepancies reflect the difference in the estimated fixed effects.26

If the absolute value of d12t is less than the absolute value of the difference, we assign all
the discrepancy to the more offending firm in the direction of the discrepancy. This means
for a seller shortfall case, the entire discrepancy is assigned to the firm with a higher value
of the fixed effects; whereas for a buyer shortfall case, the entire discrepancy is assigned
to the firm with a lower value of the fixed effects. More formally, we assign the reporting
discrepancies, for a given firm f = 1 in month t, according to the following equation:

d1t =


d12t+(δ̂b1−δ̂s2)

2 , if | d12t |>| δ̂b1 − δ̂s2 | .
d12t

max(δ̂b1−δ̂s2,0)
δ̂b1−δ̂s2

, if | d12t |≤| δ̂b1 − δ̂s2 | and d12t > 0.

d12t
min(δ̂b1−δ̂s2,0)

δ̂b1−δ̂s2
, if | d12t |≤| δ̂b1 − δ̂s2 | and d12t < 0.

(A.2)

In Column 2 of Table A.9, we report the revenue consequence calculations using the
approach described above. The revenue loss due to misreporting remains of the same or-
der of magnitude as in our baseline approach: the adjusted revenue implications amount
to 27 percent of VAT revenue over the whole time period, against 32 percent in the main
approach.

26For example, if d12t is 60, δ̂b1 is 30, and δ̂s2 is 20, the assigned discrepancies for the buyer f = 1 and
the seller f = 2 are 35 and 25, respectively. Note that the difference in δ̂b1 and δ̂s2 of 10 is preserved in the
assignment. If d12t is 60, δ̂b is 30, and δ̂s2 is 30, the assigned discrepancies for the buyer f = 1 and the seller
f = 2 are 30 and 20, respectively. Again, the difference in δ̂b1 and δ̂s2 of 0 is preserved in the assignment.
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Figures

FIGURE A.1
Q STATISTIC OVER SIZE.

0
5

10
Q

 s
ta

tis
tic

0 5 10 15
asinh(Total Output)

Notes: In this Figure, we plot firms’ estimated Q statistic (Qf in Equation (2)) over the inverse hyperbolic sine transformation of firms’
total output in the estimation period. Data source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016.

v



FIGURE A.2
DISTRIBUTION OF REPORTING DISCREPANCIES IN THE DOMESTIC VAT

Notes: In this Figure, we show the distribution of discrepancies in the reporting of transactions by sellers and buyers for fiscal years
2013-2016. Data source: VAT Schedules data. Calculated by taking the difference between VAT charged in VS1 and VAT paid in VS24.
We use the inverse hyperbolic sine transformation of VS1 and VS24. Share ≥ 1: 0.028; Share ≤ −1: 0.031.
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FIGURE A.3
DISTRIBUTION OF Q STATISTIC.
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Notes: In this Figure, we plot the distribution of firms’ estimated Q statistic (Qf in Equation (2)). Data source: VAT Schedules data for
fiscal years 2013-2016.
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FIGURE A.4
CORRELATION BETWEEN BUYER AND SELLER FIXED EFFECTS
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Notes: In this Figure, we plot firms’ estimated buyer fixed effect over their estimated seller fixed effect. Observations are averaged by
bins of seller fixed effect. In the left panel, we use the unweighted seller and buyer fixed effects. In the right panel, the fixed effects
obtained in the two-way fixed effect estimation are weighted by the number of firm-trading partner monthly observations respectively
as a seller and as a buyer. Data source: VAT Schedules data for fiscal years 2013-2016.
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Tables

TABLE A.1
DISTRIBUTION OF VALUE-ADDED AND VAT LIABILITY BY FIRM SIZE

(1) (2) (3)
Value added Output-Input VAT VAT liability

Share > 0 84.33% 77.36% 48.26%
All VAT firms Share = 0 5.12% 7.43% 6.47%
(N = 22,388) Share < 0 10.55% 15.21% 45.27%

Share > 0 93.08% 77.75% 48.64%
LTO firms Share = 0 0.81% 0.77% 1.28%
(N = 738) Share < 0 6.11% 21.49% 50.07%

Share > 0 91.85% 79.94% 50.69%
MTO firms Share = 0 0.71% 1.39% 1.41%
(N = 1,635) Share < 0 7.43% 18.66% 47.91%

Share > 0 82.82% 77.00% 47.92%
Other VAT firms Share = 0 5.95% 8.62% 7.44%
(N = 20,015) Share < 0 11.22% 14.39% 44.63%

Notes: Data source: VAT Monthly Summary data for fiscal years 2013-2016. Column (1) shows total value added over the fiscal year,
including goods that are VAT-exempt. Column (2) shows the difference between total output VAT and total input VAT. Column (3)
shows total tax liability over the fiscal year, taking into account VAT credits carried over from previous fiscal year (2012). Firms can
display a positive Output-Input VAT, but a nil or negative VAT liability once offsets are subtracted. LTOs are firms with an annual
turnover above 15 billion Ugandan Shillings (USD 4.1 million) and/or belonging to specific sectors such as oil and mining, banking,
insurance, and government departments. MTOs are firms with a turnover above 2 billion Ugandan Shillings (USD 550,260, threshold
increased to 5 billion Ugandan Shillings/USD 1.3 million in 2015). Other VAT firms refer to VAT-paying firms with an annual turnover
lower than the MTO threshold.
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TABLE A.3
FIRM TYPE CLASSIFICATION BASED ON Q STATISTIC ACCOUNTING FOR VARIABILITY

Panel A: Low variability
No. of Firms Share of all firms Share of low var. firms

Advantageous 403 0.02 0.05
Conspicuous 344 0.02 0.04
Looking small 24 0.00 0.00
Looking big 35 0.00 0.00

Disadvantageous 168 0.01 0.02
Neutral 7,329 0.38 0.93
Ratio of Adv. to Disadv. 2.40
N 7,900

Panel B: High variability
No. of Firms Share of all firms Share of low var. firms

Advantageous 1,347 0.07 0.12
Conspicuous 1,088 0.06 0.10
Looking small 110 0.01 0.01
Looking big 149 0.01 0.01

Disadvantageous 383 0.02 0.03
Neutral 9,507 0.50 0.85
Ratio of Adv. to Disadv. 3.52
N 11,237

Notes: Data Source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016. Firm types are defined based on Q(f ),
which is calculated as the weighted sum of the estimated firm-as-buyer fixed effect and firm-as-seller fixed effect, i.e., : Q(f ) =
ws · δ̂b + wb · δ̂s. ws (respectively, wb) is the number of firm-trading partner monthly obervations as a seller (resp., as a buyer).
(1) Advantageous: Q(f ) > 0. Advantageous firms are further categorized into: (1a) Conspicuous Advantageous: ws · δ̂s(f ) ≥ 0
and wb · δ̂b(f ) ≥ 0; (1b) Looking small Advantageous: ws · δ̂s(f ) ≥ 0 and wb · δ̂b(f ) < 0; and (1c) Looking big Advantageous:
ws · δ̂s(f ) < 0 and wb · δ̂b(f ) ≥ 0. (2) Disadvantageous: Q(f ) < 0. We compute the 95 percent confidence interval around Q(f ),
for each firm. We run 100 iterations of the two-way fixed-effects model through a bootstrap routine. For each firm, we then compute
V AR(Q(f )) = w2

s · V AR(δ̂s(f )) + w2
b · V AR(δ̂b(f )) + 2 · ws · wbCOV (δ̂s(f ), δ̂b(f )). We further classify firms based on whether

Q(f ) displays Low variability, with a tight confidence interval (Panel A), or High variability, with a wide confidence interval (Panel
B). A confidence interval is classified as tight if its length is smaller or equal to a benchmark value for neutral reporting. The benchmark
value is the average length of the confidence interval obtained for the subset of neutral reporting firms (identified as firms that display
a discrepancy of zero in 60 percent or more of their trading partner-month observations in the raw data). Both low and high variabily
firms are classified as (3) Neutral if the 95 percent confidence interval includes zero.
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TABLE A.2
FIRM-TYPE AND VAT MONTHLY LIABILITY

Dep. Var.: VAT Liability
Null Null Positive Positive Negative Negative

Firm Type (1) (2) (3) (4) (5) (6)

Disadvantageous 0.042∗∗∗ 0.024∗∗∗ -0.066∗∗∗

(0.005) (0.007) (0.006)

Negative Buyer FE 0.034∗∗∗ 0.028∗∗∗ -0.062∗∗∗

(0.005) (0.006) (0.006)

Negative Seller FE -0.028∗∗∗ 0.020∗∗∗ 0.008
(0.005) (0.007) (0.007)

Month-Year FE Yes Yes Yes Yes Yes Yes
N 712927 712927 712927 712927 712927 712927
R2 0.02 0.02 0.00 0.00 0.01 0.01
Mean of dep. 0.19 0.19 0.46 0.46 0.35 0.35

Notes: Data source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016. This table shows the results of the
regression of monthly VAT liability on firm-type. In Columns (1) and (2) (resp., Columns (3) and (4), resp. Columns (5) and (6)), the
dependent variable is a dummy equal to one if the VAT liability is null (resp., positive, resp. negative). In Columns (1), (3), (5), the
regressor of interest is Disadvantageous, a dummy equal to one if the firm is categorized as Disadvantageous and zero otherwise. In
Columns (2), (4), (6), the regressors of interest are two dummies, Negative Buyer FE and Negative Seller FE, equal to one if the firm’s
buyer (resp., seller) fixed-effect is equal to zero. We control for firm size in all specifications, with a categorical variable indicating
whether a firm is classified as medium taxpayer (MTO), large taxpayer (LTO), or none (STO). Standard errors, clustered at the firm
level, are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10.
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TABLE A.4
NON-SELF BENEFICIAL CUSTOMS REPORTING BY VAT LIABILITY AND BY MONTH

OLS
Dependent variable: NSB NSB Extensive NSB Intensive NSB NSB Extensive NSB Intensive
Customs behavior (1) (2) (3) (4) (5) (6)

July -0.013∗∗ -0.020∗∗∗ 0.001
(0.006) (0.005) (0.007)

August -0.015∗∗ -0.016∗∗∗ -0.003
(0.006) (0.005) (0.007)

September -0.010∗ -0.011∗∗ -0.002
(0.006) (0.005) (0.007)

October -0.006 -0.007 -0.003
(0.006) (0.005) (0.007)

November -0.002 -0.003 -0.001
(0.006) (0.005) (0.007)

January -0.011∗∗ -0.007 -0.007
(0.006) (0.005) (0.007)

February -0.040∗∗∗ -0.017∗∗∗ -0.032∗∗∗

(0.006) (0.005) (0.007)

March -0.019∗∗∗ -0.019∗∗∗ -0.005
(0.006) (0.005) (0.007)

April -0.024∗∗∗ -0.021∗∗∗ -0.010
(0.006) (0.005) (0.007)

May -0.026∗∗∗ -0.028∗∗∗ -0.007
(0.006) (0.005) (0.007)

June -0.021∗∗∗ -0.027∗∗∗ -0.002
(0.006) (0.005) (0.007)

Null VAT 0.220∗∗∗ 0.295∗∗∗ 0.102∗∗∗

(0.014) (0.015) (0.018)

Year FE Yes Yes Yes
Month-Year FE Yes Yes Yes
Size and Sector FE Yes Yes Yes Yes Yes Yes
N 123304 123304 76510 123304 123304 76510
R2 0.02 0.06 0.01 0.04 0.09 0.01
Mean of dep. 0.34 0.20 0.23 0.34 0.20 0.23

Notes: Data source: VAT Schedule 3, MVR and Customs data for fiscal years 2013-2016. This regression analyzes whether the
likelihood of non-self beneficial behavior at customs varies across months within the year, and with monthly VAT liability as reported
in the MVR. Observations are at the firm-month level. The dependent variable in Columns (1) and (4) is a dummy equal to one if the
firm claims lower VAT amounts incurred on imports in VS3 than VAT paid on imports as recorded in the Customs data for the same
month. We allow for rounding of 1,000 UGX and for pure timing mismatches. In Columns (2) and (5), the outcome variable indicates
non-self beneficial reporting on the extensive margin, equal to one if the firm reports nothing in VS3 for a month in which VAT paid on
imports at customs is non-zero. In Columns (3) and (6), we restrict the sample to firm-month observations where a positive amount is
reported both at Customs and in VS3, and the dependent variable is a dummy indicating non-self beneficial behavior on the intensive
margin, equal to one if the VAT claimed in VS3 is lower than the VAT paid on imports as reported in Customs. In Columns (1) to
(3), the explanatory variables are dummies for each month. The reference is November. Note that the fiscal year in Uganda runs
from July to June. Months are based on invoice dates. In Columns (4) to (6), the explanatory variable of interest is a dummy equal
to one if the VAT liability reported in the MVR is zero. In all specifications, we control for firm size as measure by annual decile of
reported turnover, and for firm sector. Standard errors, clustered at the firm level, are in parentheses. *** p< 0.01, ** p< 0.05, * p< 0.10.
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TABLE A.5
SELF BENEFICIAL BEHAVIOR AT CUSTOMS AND FIRM TYPE

Dep.Var.: Self beneficial (SB) reporting
Firm Type (1) (2) (3) (4)

Disadvantageous 0.001 0.005
(0.007) (0.006)

Null VAT -0.081∗∗∗ -0.075∗∗∗

(0.006) (0.006)

Conspicuous 0.006 0.005
(0.006) (0.006)

Month-Year FE Yes Yes Yes Yes
Size and Sector FE Yes Yes Yes Yes
HS Share of Import No Yes No Yes
N 123303 123303 100724 100724
R2 0.05 0.06 0.05 0.06
Mean of dep. 0.14 0.14 0.13 0.13

Notes: Data source: VAT Schedule 3, MVR and Customs data for fiscal years 2013-2016. This regression analyzes whether Disad-
vantageous firms, and within Advantageous firms, Conspicuous firms, are more likely to behave in a self beneficial way at customs.
Observations are at the firm-month level. The dependent variable is a dummy equal to one if the firm claims higher VAT amounts in-
curred on imports in VS3 than VAT paid on imports recorded in the Customs data in the same month. We allow for 1,000 UGX rounding
and for pure timing mismatches. In Columns (1) and (2), the explanatory variable of interest is a (time invariant) dummy for firm type,
equal to one if the firm is classified as Disadvantageous, based on the value ofQ(f ), as explained in Section 4.4. In Columns (3) and (4),
we restrict the sample to Advantageous firms, and the explanatory variable of interest is a dummy equal to one if the firm is classified
as a Advantageous and Conspicuous. In all specifications, we control for firm size as measure by annual decile of reported turnover,
and for firm sector. In Columns (2) and (4), we additionally control for null monthly VAT liability as reported in MVR, and for the type
of goods imported as measured by dummies for each of the 21 HS Good Code Sections, equal to one if the firm imports at least one
good from the corresponding section. Standard errors, clustered at the firm level, are in parentheses. *** p< 0.01, ** p< 0.05, * p< 0.10.
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TABLE A.6
COMPARISON OF ADVANTAGEOUS AND DISADVANTAGEOUS FIRMS

Dep. Variable: Probability of Being Advantageous
Panel A Panel B

Coefficient P-value Coefficient
in Kampala 0.02 0.04∗∗ 0.00
Distance to URA office −0.02 0.03∗∗ 0.00
MTO/LTO −0.04 0.00∗∗∗ −0.04
VAT Payable 0.02 0.14 0.00
VAT Due −0.02 0.22 0.00
Total input 0.02 0.22 0.00
Total output −0.04 0.05∗∗ −0.01
Ratio of sales to FC 0.02 0.04∗∗ 0.01
Number of clients 0.02 0.00∗∗∗ 0.01
Number of suppliers 0.00 0.79 0.00
Upstreamness −0.01 0.17 0.00
Distinct outputs (all good codes) 0.01 0.71 0.01
Distinct outputs (relevant good codes) 0.00 0.94 0.00
Distinct inputs (all good codes) 0.06 0.08∗ 0.00
Distinct inputs (relevant good codes) −0.06 0.09∗ 0.00
Sectors:

Agriculture, forestry, fishing −0.01 0.36 0.00
Mining, Quarrying −0.02 0.00∗∗∗ −0.02
Manufacturing 0.01 0.11 0.01
Water, Electricity services −0.01 0.01∗∗∗ −0.01
Construction 0.01 0.19 0.01
Wholesale and retail 0.00 0.00 0.00
Transportation, accomodation services −0.02 0.00∗∗∗ −0.02
Information, communication −0.01 0.04∗∗ −0.01
Financial services −0.03 0.00∗∗∗ −0.03
Real estate −0.02 0.00∗∗∗ −0.01
Professional, Admin, Other Services 0.00 0.83 0.00
Public Administration −0.01 0.60 0.00
Education −0.01 0.27 0.00
Health and social work 0.00 0.43 0.00
Arts and Entertainment −0.01 0.27 0.00

Notes: Data source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016. This table shows the results of the
regression of a firm-type dummy variable – equal to one if the firm is categorized as Advantageous and zero otherwise – on a set
of firm characteristics. Panel A displays the results from a multivariate regression including all variables listed. Panel B display the
results from a LASSO regression. All variables are standardized to have unit standard deviation. in Kampala is a dummy equal to one
if the firm is in Kampala. Distance is calculated by assigning each firm to a Sub-county and calculating the distance from the center of
the Sub-county to the closest URA office. MTO/LTO is a dummy variable equal to one if the firm is registered in the Medium or Large
Taxpayers’ Office (as of June 2017). Vat Payable, Vat Due, Total inputs and Total Output are totals over years 2013-2016. Ratio of sales to FC,
is the ratio of total sales to final consumers over total sales. Number of clients and Number of suppliers are the totals over years 2013-2016.
Upstreamness indicates the firms’ distance to final consumption – larger values indicate that the firm is higher up in the production
chain. It is computed by creating an input-output matrix, based on firm-to-firm good code transactions. Distinct outputs and Distinct
inputs are the number of unique good codes within the firm’s sales/purchases over the 2013-2016 period. Good codes are based on
the universe of transactions from year 2014 and are obtained by applying a machine learning text algorithm to the text descriptions
included in the VAT Schedules. Sector is the firm’s sector as listed in the tax registry.
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TABLE A.7
FIRM-TYPE TRANSITION MATRIX

Firm-pairs observed throughout 2013-2016
Advantageous (t) Disadvantageous (t) Share

Advantageous (t+1) 43.84 14.60 58.44
(71.97) (37.35)

Disadvantageous (t+1) 17.07 24.49 41.56
(28.03) (62.65)

Share 60.91 39.09 100.00
(100.00) (100.00)

Notes: Data source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016. This table presents the transition matrix for
firm classifications. The sample is restricted to firms that appear at least in two consecutive years, and within each year, to the largest
connected set.

TABLE A.8
FIRM TYPE CLASSIFICATION BASED ON ROBUSTNESS ESTIMATIONS

Total
No. of Firms Share of firms
Panel A: Two-way fixed effect estimation with controls

Advantageous 13,990 0.75
Conspicuous 10,842 0.58
Looking small 1,409 0.08
Looking big 1,739 0.09

Disadvantageous 4,639 0.25
N 18,629 1.00

Panel B: Sample of firm-pairs with ≥ 10 observations
Advantageous 11,049 0.88

Conspicuous 10,080 0.80
Looking small 351 0.03
Looking big 618 0.05

Disadvantageous 1,516 0.12
N 12,565 1.00

Notes: Data Source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016. In Panel A: We include controls described in
Section A.2 in the two-way fixed-effects model estimating firms’ fixed effect as a seller and as a buyer. In Panel B: We run the two-way
fixed-effects model on the subset of firm-pairs that appear ten times or more in the initial dataset.
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TABLE A.9
SELLER SHORTFALL AND BUYER SHORTFALL IN THE DOMESTIC VAT ADJUSTING FOR

FIRM-SPECIFIC CONTRIBUTION TO DISCREPANCIES

(1) (2) (3)
Main Alt. Naive

No. of distinct firms 19,137 19,137 19,137
Percentage of all firms (100%) (100%) (100%)
Total net VAT due 1,553,971 1,553,971 1,553,971

Seller shortfall
Number of distinct firms with seller shortfall 17,249 17,249 13,448
Total net VAT due from firms with seller shortfall 1,275,917 1,275,917 1,133,456
Total VAT subject to seller shortfall 899,736 899,736 899,736

Buyer shortfall
Number of distinct firms with buyer shortfall 17,979 17,979 17,181
Total net VAT due from firms with buyer shortfall 1,316,813 1,316,813 1,262,499
Total VAT subject to buyer shortfall 727,354 727,354 727,354

Correcting seller shortfall and buyer shortfall
Impact on total net VAT due 383,730 436,372 492,844
Percentage of total VAT collected 28.2% 32.0% 36.2%

Notes: Data source: VAT Schedules and Monthly Summary data for fiscal years 2013-2016. In this table we display the revenue
consequence analysis using various methods to assign discrepancies to firms. Revenue consequences are calculated by taking the
difference between VAT charged in VS1 and VAT paid in VS24, and correcting the VAT liability in the last month of the year for the
total VAT under seller shortfall and under buyer shortfall. In column (1) (main approach), discrepancies are assigned to firms based
on each firm’s estimated fixed-effects, as described in 4.4. In column (2) (alternative approach) discrepancies are assigned to firms
based on each firm’s estimated fixed-effects, as described in A.3. In column (3) (naive approach), we assign all seller shortfall to the
seller, and all buyer shortfall to the buyer. All values are in thousands of USD.
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