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Abstract

This paper studies the role of government capacity to collect taxes, or tax productivity, in
economic development. We first draw on new evidence from 100 countries to study how tax
collection outcomes relate to tax administrative expenses across the world income distribu-
tion. We document that collections per unit of expenditure are strongly increasing in GDP per
capita, with the richest countries collecting about ten times as many tax revenues per dollar
spent as the poorest. We interpret this finding in a Ramsey model with a tax administration
sector and public capital in the production function as in Barro (1990) and Baxter-King (1993).
We calibrate the model to match our empirical evidence and simulate the long-run aggregate
effects of raising tax productivity in the developing world. We find that higher tax productivity
raises GDP per capita by significantly more than suggested by Hulten’s theorem, driven by

quantitatively large accumulations of both public and private capital stocks.
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1 Introduction

One of the most prominent theories of long-run economic development places state capacity —
and, in particular, the ability of governments to raise tax revenue — at the heart of the development
process (see, e.g., Besley and Persson, 2011). Historical work by Mayshar, Moav, and Pascali
(2022) shows that the most successful early states, such as Egypt, were those that were better able
to raise revenues to fund public works and military ventures. Tilly (1990), Dincecco and Katz
(2016), and Gennaioli and Voth (2015) provide evidence that the constant warfare of European
states in the 16th and 17th centuries led them to build up state capacity, which may ultimately
have sown the seeds of their future development. Recent empirical work by D’ Arcy, Nistotskaya,
and Olsson (2024) ties the historical creation of public land records—the foundation of property

taxation—to long-run growth.

The link between a government’s ability to collect taxes and its long-run level of development has
received less attention in the macroeconomics literature. The foundational papers of Barro (1990),
Baxter and King (1993), and Jones, Manuelli, and Rossi (1993) incorporate public capital stocks
into the production function but abstract from any costs of collecting the taxes needed to finance
public investments. Tax administration costs are similarly abstracted away in nearly all models of
optimal taxation, whether focusing on infinitely lived agents (Judd, 1985; Chamley, 1986), over-
lapping generations (Conesa, Kitao, and Krueger, 2009), or Aiyagari-type heterogeneous agents
(Auclert, Cai, Rognlie, and Straub, 2024). A notable exception is Besley, llzetzki, and Persson
(2013), which incorporates the political economy of tax capacity into a growth model. They show
that more severe fiscal constraints can lead an economy to reach a less desirable steady state, al-

though they do not pursue the quantitative implications of their model.

This paper aims to assess the quantitative importance of government capacity to collect taxes,
which we refer to as fax productivity, for economic development. To this end, we first collect
data on tax collections relative to tax administration expenditures in a large set of countries and
measure how this ratio varies with development, both across countries and within countries over
the long run. We then use these data to help discipline a multi-sector Ramsey model of taxation,
capital accumulation, and economic growth. The key novel feature of the model is a tax admin-
istration sector that can collect tax revenues from households, but only by using up labor inputs.
Public goods are complementary to private capital in the production function and can only be pro-
vided through tax revenues. The model allows for exogenous cross-country differences in both
tax collection productivity and final goods production. We use the model to simulate the long-run
aggregate effects of raising tax productivity for countries of low income levels, where we suspect

growth is most constrained by an inability to mobilize tax revenues.



We draw on novel data hand-collected from tax authorities —such as the U.S. Internal Rev-
enue Service and Ghana’s Revenue Authority—across 100 countries and over time, yielding 625
country-year observations. Our two main variables of interest are the total tax revenues and the
administrative cost of collecting those revenues. Our outcome of interest is simply the ratio of
total tax revenues to collection costs, representing the average amount collected per dollar spent
on collection. This unit-free measure is intuitive and comparable across countries and over time

within countries while being closely related to, yet distinct from, tax productivity.

Our main empirical finding is that tax collections per unit of expenditure are strongly increasing
in GDP per capita. In terms of magnitudes, the poorest countries in the world collect about $30
for every dollar they spend collecting taxes; this number rises to $250-270 in the world’s richest
countries. We show that this pattern is not an artifact of differences in the scope of the revenue
authorities’ activities. For example, collections per expenditure remain strongly correlated with
development even when we exclude tax administrations with limited scope (those not responsible
for VAT or sales tax) or expanded scope (those responsible for lotteries or social security transfers).
Exploiting the panel dimension of our data, we also examine how collections per expenditure vary
with GDP per capita within countries over time. We find that countries tend to increase their
collections per expenditure as they grow, with an elasticity that is even stronger than in the cross-
section. This within-country pattern again holds when restricting the analysis to tax administrations
with comparable duties. The patterns also hold for individual sub-national tax authorities over
time, which we show by leveraging newly constructed historical panel data on taxes collected and

expenses for each (independent) state tax administration in the United States and India.

We interpret these facts using a version of the neoclassical growth model with a tax administration
sector that can raise tax revenues but requires labor inputs in the process. Production combines
labor, private capital, and public capital to produce a single output good for consumption or invest-
ment, following Barro (1990) and Baxter and King (1993). Public capital can only be provided
through tax revenue, and taxes can only be raised through costly efforts by the tax administration.
The government solves a Ramsey problem, choosing optimal tax collection efforts to maximize
the utility of an infinitely lived representative household, taking both its tax collection productivity

and the final goods productivity as exogenous.

The model incorporates three additional features that make it suitable for analyzing low- and
middle-income countries. First, we include a dual economy structure with a modern sector that
uses both types of capital but faces income taxation and a less productive traditional sector that can
avoid taxation entirely. This provides an additional constraint on developing country governments:
if taxation becomes too heavy, households can shift labor from the modern to the traditional sector.

Second, we allow for decreasing returns to scale in the tax administration sector, reflecting the fact



that further expansions of tax collection efforts require moving from easy-to-collect sources, such
as taxes on international trade, to more challenging ones, like property taxation and income taxes
on the self-employed (e.g. Jensen, 2022). Finally, we allow some fraction of tax collections to be
lost as waste — a reasonable assumption for any government but particularly relevant for developing

nations where corruption is widely viewed as more prevalent.

We analytically characterize the model, focusing first on a simple static version. One key lesson is
that the degree of returns to scale in the tax administration matters substantially. In the case of con-
stant returns to scale, and considering our cross-country evidence, the governments of developing
countries could always collect around 30 dollars in taxes for every 1 dollar spent on collections. In
this case, tax collection per se cannot be a serious constraint on the provision and development of
public goods. A second insight is that while government waste is clearly a negative force, allow-
ing for it in the model does not change the model’s conclusions about the importance of raising
tax productivity. The reason is that government waste affects the economy both before and after
improvements in tax productivity, implying similar relative effects of tax productivity regardless

of the presence of waste.

We calibrate the model to match key features of developing countries, including their low ratio
of tax collections to expenditure, large traditional sectors, and low average tax rates. One key
parameter choice is the elasticity of output to public capital, and we select a value of just under 0.2
based on evidence from a meta-analysis. Another key choice is the extent of decreasing returns to
scale in tax collection, and we pick this to match evidence on returns to expanding tax collection

efforts by the U.S. and several developing countries.

We then simulate the long-run aggregate effects of raising tax collection productivity. The model
predicts that a 50 percent increase in tax productivity raises GDP per capita by about 5 percent.
As a frame of reference, Hulten’s theorem suggests gains of less than 0.1 percent of GDP, given
that the tax collection sector employs less than 0.2 percent of the labor force. The model’s GDP
gains stem from public and private capital increases of 57 percent and 9 percent, respectively, as
well as modest shifts of labor from the traditional to the modern sector. Tax collections relative to

expenditures rise from around 30 to around 150, comparable to middle-income country levels.

We conclude that improvements in tax collection productivity in the world’s poorest economies
likely lead to significant positive long-run gains in GDP. The magnitudes are not large enough to
suggest that low-income countries can become middle- or high-income nations solely by improving
their tax collection sectors. However, the GDP gains are still substantially larger than suggested by
Hulten’s theorem, which would imply negligible aggregate gains from fixing a sector that employs
only one out of a thousand workers on average. In ongoing work, we are calibrating the model

to match middle- and high-income countries, both to assess the model’s predictions for higher-



income countries against our novel data and other cross-country evidence and to quantify the gains

from tax collection improvements in these settings.

Related Literature. Our paper contributes to the macroeconomic literature on taxation by ana-
lyzing the effects of a resource cost of collecting revenues. Straub and Werning (2020) overturns
the famous result, inspired by Chamley and Judd, that in Ramsey models the optimal capital tax
rate should be zero. We take a simple route and assume only taxation of labor and positive tax
rates are always optimal in our setting, since public capital is complementary to private capital.
Our study also abstracts from insurance considerations as in Mirrlees problems (Kapicka, 2013;
Farhi and Werning, 2013; Golosov, Troshkin, and Tsyvinski, 2016; Boerma and McGrattan, 2020).
Our paper is related to the study by Bhandari, Evans, Yao, and McGrattan (2024) incorporates tax
evasion into a macro model calibrated to match U.S. evidence on the effects of tax audits. More
generally, our work relates to the public finance literature on tax evasion (see Slemrod, 2007, and
the references therein). Households in our model can evade taxes by working in the traditional
sector, though only by accepting a drop in productivity. Similarly, governments can raise effec-
tive tax rates in our setup by spending more resources on tax administration, which is supposed to

represent greater efforts to enforce the tax code.

Finally, our paper adds to the large literature on public finance and development focused on tax ca-
pacity and its determinants (Gordon and Li, 2009). Paths to increasing tax capacity emphasized by
this literature include incentive pay for tax collectors (Khan, Khwaja, and Olken, 2015), collabora-
tion with traditional leaders, (Balan, Bergeron, Tourek, and Weigel, 2022), information technology
(Hjort and Tian, 2024; Okunogbe and Tourek, 2024), including using geo-referenced databases of
taxpayers (Dzansi, Jensen, Lagakos, and Telli, 2025), and self-enforcing tax systems (Naritomi,
2019). Much of the recent literature has focused on the taxation of properties, which holds vast
promise but is thought to be vastly under-collected in the developing world (Brockmeyer, Estefan,
Arras, and Sudrez Serrato, 2023). The same is true of taxes on labor income, particularly given the
challenges in collecting from the self-employed (Jensen, 2022). Our study contributes by modeling
and quantifying the long-run general equilibrium consequences of improving tax capacity, which

1s new to this literature.

2 Data and Empirical Findings

We begin by presenting the data we use in our analysis and defining the ratio of taxes collected
to expenditures. We then investigate how this measure of collection per dollar of expenses varies

with income per capita across space and time - between countries today, within countries over the



long run, and at both the national and sub-national levels.

2.1 Data

In this subsection, we describe the data collection exercise undertaken to measure the ratio of taxes
collected to administrative expenses on collection in a large sample of countries, years, and levels
of government. As the theory will make clear (Section 3 onward), this measure is closely related
to, but also distinct from, tax productivity. One way to think about this measure, which will be
helpful in the model, is that it captures the average (not the marginal) tax collection per dollar of
administrative expenditure for a given tax authority at a point in time. It presents the advantage of
being unit-free and comparable both across countries at a point in time and within countries over

time.

We aim to collect data that allows us to construct the ratio of taxes collected to expenditure on
tax collection. The numerator in this ratio captures taxes collected at the national level. The taxes
that are typically collected at this level are on personal and corporate income, property, wealth
and inheritance, and consumption of goods and services. Importantly, we include data on taxes
collected at the border. We focus on actual taxes collected rather than projected or estimated taxes.

Finally, whenever the data permits, we ensure that non-tax revenues are excluded.

The denominator in this ratio seeks to measure the annual expenditure of the national tax authority.
More specifically, we seek to measure the sum of operating expenditures and capital expenditures.
In the first category, by far the most important item is salary; other items include training and
miscellaneous administrative expenses. The second category includes expenses that go towards
purchasing and maintaining buildings and land, as well as other types of infrastructure. Expenses
in information and communication technology (ICT) can be included in the first or second category,
depending on whether they are long-term investments (e.g., purchase of a new server) or day-to-
day expenses (e.g., software maintenance). The breakdown of collection expenses by type, which
exists on an incomplete basis in our sample, reveals that by far the most important cost categories
are salary and ICT. Whenever the data permits, we include as many of these cost categories as
possible. In all settings, we are confident that salaries are included; in many settings, though not

all, the cost measure will be more comprehensive and include capital expenses.

There are many similarities in tax authorities across countries, and this definition of collection cost
allows us to capture most of them in a manner that is meaningfully comparable across borders and
over time. Notwithstanding, there are limits to this measure. First, there are differences across
countries in the range and nature of revenues administered. Here, the most significant distinction

is probably between taxes administered by the customs authority (tariffs and other border taxes)



versus taxes administered by the domestic tax authority. There is variation across countries, and
within countries over time, in the roles assigned to each institution; importantly, our measure seeks
to capture the combined cost of collecting taxes domestically and at the border — such that differ-
ences across space and time in roles assigned to different national institutions should not affect our
ratio. Another example is that some countries administer direct taxes at the national level, but some
indirect taxes at the sub-national level (e.g., the collection of sales taxes is devolved to states in both
India and the US). Second, some tax authorities are responsible for carrying out activities that are
not directly related to taxation. For example, some tax authorities are also responsible for collect-
ing social security contributions and disbursing transfers. Some, though not many, tax authorities
are responsible for hosting and maintaining the population registry. We investigate the importance
of these variations in institutional design across tax authorities in our regressions. Third, there
are naturally other factors that influence this ratio and that are not related to tax productivity: for
example, macroeconomic changes could, at least temporarily, create changes in the taxable base

without corresponding adjustments to collection expenditures.

Cross-country data: Sources We collect data from several sources in a cross-section of coun-
tries. The most important source is the International Survey on Revenue Administration (ISORA),
which is administered collaboratively by multiple international agencies, including the OECD, the
IMF, and the Inter-American Center of Tax Administrations. Whenever available, we use data on
both the numerator and denominator from this source. We complement this with data from indi-
vidual countries based on the yearly government budget and national reports from the tax authority
and national statistics office. For each country, we seek to collect multiple years of data between
2014 and 2017; we report the yearly average in that range to smooth out fluctuations that occur in

the ratio due to abnormal levels of expenses or collection in any given year.

Our resulting cross-country sample contains data from 100 countries. The countries span a broad
range of development levels: from lower income countries including Malawi, Kenya, Tanzania,
Nigeria, Ghana, Bangladesh, Pakistan and India, to middle income countries including Indonesia,
Thailand, China, South Africa, Brazil, Colombia, Mexico and Turkey, to high-income countries
including South Korea, Russia, UK, Germany, France, Scandinavian countries and the United
States. Combined, our sample of 100 countries in the cross-section accounts for approximately 77

percent of the world population and 67 percent of world GDP.

Historical country panel data: Sources For a subset of countries, historical data exists that
allows us to construct measures of tax productivity over the long run within countries. We follow

the same guidelines for data collection as for the cross-section of countries.



Our longest time series comes from the United States, where we can measure collection per dollar
of administrative expenses back to 1867. We collect data separately for domestic taxes and border
taxes. In the former case, we rely on annual reports published on a yearly basis by the Commis-
sioner of the Internal Revenue Service (IRS). In the latter case, we rely on the annual reports of
the Treasury on the state of the finances and data from the US Customs Service and the US Inter-
national Trade Commission. In the historical years, we digitize the relevant data and harmonize it
with the pre-existing digital sources for years closer to the present time. In the US case, we are
helped by the fact that the underlying sources are often published in a highly consistent manner
across a large range of years. We measure tax collections as gross collections before refunds are
issued, but after including penalties and interest paid towards outstanding taxpayer arrears. The
expenditure measure is comprehensive and includes all expenditures associated with the process
of collecting internal revenue. Throughout the entire period studied, personnel costs (including for
central officers and field agents) have been an important cost-component. Over time, other cost

components have become gradually more important, including physical infrastructure and ICT.

We collect historical data for a sample of other countries around the world. The resulting sample
consists of an unbalanced panel of countries: Australia (1972-2017); Bangladesh (1964-2015);
Botswana (1971-2005); Canada (1924-2008); Denmark (1959-2006); India (1946-2016); Kenya
(1962-1995); Malawi (1964-1996); Pakistan (1949-2005); South Korea (1987-2016); Sierra Leone
(1964-1996); South Africa (1960-2007); Thailand (1959-2017); United Kingdom (1993-2017);
United States (1877-2016); Uruguay (1980-2017). The median number of years per country is 52,

which constitutes a meaningfully long time series.

For the historical panel, we rely on sources that are specific to each country. In most cases, con-
structing the series for a country required us to scan, digitize, and clean historical publications that
existed on paper.! For example, in countries including Denmark, Bangladesh, Kenya, and Thai-
land, we digitized the country’s entire series of annual reports produced by the national statistics
office or the ministries of planning and economic development. In countries including Canada,
India, and Pakistan, we digitized the country’s full set of annual government finance account pub-

lications.

Historical sub-national panel data: Sources Up to this point, we have focused on collect-
ing measures of tax collection and expenses at the national level for the national tax authority.
However, many countries around the world implement a decentralized taxation system, where the
mandate to design, implement, collect, and enforce certain taxes is devolved to the sub-national

level. In these cases, the sub-national governments are also in charge of establishing their own tax

'Most of these physical publications were available in the Lamont Library at Harvard University.



authority, and, in principle, the concept of tax collection per dollar of expense applies at this level

as well.

We create long-run panel data on tax productivity at the sub-national level for Indian and US states.
We focus on the states because they are in charge of collection for the sales tax - a substantial source
of taxation that is collected by the national tax authority in most other countries.> In the Indian
case, we rely primarily on the ’Combined Finance and Revenue Accounts of the Central and State
Governments’ series published by the Comptroller and Auditor-General, which we digitize and
harmonize for our purposes. In the US case, an important source of data was the historical series

’Book of the States’ that is published annually by the Council of State Governments.

The resulting unbalanced panel dataset at the sub-national level contains measures of tax collection
and expenses for 28 states in India between 1950 and 2017 and for 50 states in the US between
1993 and 2016.

2.2 Results: Tax collections per expenditure and development

We begin by investigating the relationship between the average collection per expenditure and
development in the cross-section. Figure 1 shows the association across countries between the
(log) of GDP per capita in USD and the log of the ratio of taxes collected to collection expenses.
There is a clear positive association whereby tax authorities in countries with higher GDP per

capita have a higher average collection per dollar of tax expenditure.

The magnitude of the differences in collections per dollar of expenditure between the world’s
poorest and richest countries is substantial. Countries like Burundi, Liberia, and Malawi collect
between $20 and $30 for every dollar they spend collecting taxes. The world’s highest values are
primarily in high-income countries such as Sweden and the United States, which collect between
$250 and $270 in taxes for every dollar spent. China, which is situated around the middle of the
GDP per capita distribution, performs remarkably well ($283) for its level of development. Other
middle-income countries typically collect in the range between $80 for every dollar spent, as in

Indonesia, and $150, as in Brazil.?

Table 1 investigates extensions and robustness checks for the pattern uncovered in the cross-

section. Column (1) reports the slope coefficient (0.248) that corresponds to the full sample in

ZLower levels of sub-national government, such as the municipality or county, are also often in charge of imple-
menting specific taxes (most importantly property tax) and implement their own tax authority to do so. Collecting
measures of tax productivity at this level would be interesting but is also practically challenging since most countries
do not systematically gather and centralize the required data from the (sometimes large) set of municipalities.

3The relationship generally appears to hold within regions of the world, with stronger slopes in Sub-Saharan Africa
and Europe and Central Asia, and flatter slopes in South Asia, and the Middle East and North Africa.



Table 1: Cross-Section of Countries: Tax Collections per Expenditure and Income Per Capita

(D 2) 3) 4 &) (6) (N 8)
Outcome Log T/X  Log T/X Log T/X  LogT/X LogT/X LogT/X LogT/X LogT/X

Log GDPpc 0.248***  (.654%** 0.225%*%  (0.221%%* (.249%**  (0.260%** (.218%*** (.241%**

(0.0389)  (0.142) (0.061) (0.0586) (0.0395) (0.0398) (0.0484) (0.0399)
N 100 35 65 99 97 90 73 98
R? 0.293 0.390 0.174 0.321 0.296 0.326 0.222 0.276
Modif. to Only low, Only upper- Cont. for Excl.if  Excl.if Excl.if  Excl. if
column (1) lower-middle middle, high PIT, VAT, no VAT or no customs include  resp for
inc. countries inc. countries CIT, tariff sales tax SOC. sec. pop registry

Notes: This table provides regressions of the (log) ratio of taxes collected to expenses on collection on log GDP per
capita. The sample is a cross-section of 100 countries between 2014 and 2017 (averaged at the country level when
multiple data points exist within a country). Column 1 reports the basic OLS, which corresponds to Figure 1. Column 2
restricts the sample to low and lower-middle-income countries (with GDP per capita below $4,200). Column 3 restricts
the sample to upper-middle and high-income countries (with GDP per capita above $4,200). Column 4 includes as
controls the statutory tax rates for PIT, CIT, VAT, and tariff (Figure ??). Column 5 excludes countries that do not have
a VAT or general sales tax at the federal/national level. Column 6 excludes countries where the ratio of collection
to expenses does not include customs. Column 7 excludes countries in which the tax authority is responsible for
collecting and disbursing social security. Column 8 excludes countries in which the tax authority hosts (maintains and
updates) the population registry. Robust standard errors are reported in parentheses. xp < 0.10%xp < 0.05 % %% p <
0.01. The figure plots the (log) ratio of taxes collected relative to expenses on tax collection against GDP per capita in
a sample of 100 countries.



Figure 1: Tax Collections Per Expenditure in the Cross-Section of Countries
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Notes: This figure plots the (log) ratio of taxes collected relative to expenses on tax collection against GDP per capita
in a sample of 100 countries. Data is collected for each country between 2014 and 2017, and the average is taken over
the years if multiple data points exist per country.

Figure 1. Columns (2) and (3) estimate the relationship separately in low and lower-middle-income
countries and upper-middle and high-income countries, respectively. The slope between tax col-
lection to expenses and (log) GDP per capita is larger at lower levels of development (0.654 versus

0.225), but it remains significant in both samples.

In column (4), we control for the countries’ statutory tax rates. We include as controls the top
personal income tax rate, the main corporate income tax (CIT) and value-added tax (VAT) rates,
and the average tariff rate.* This specification investigates whether the variation in collection per $
of expense is driven by variation in the amount that can be collected. It is based on the notion that
countries at higher levels of development, due in part to stronger enforcement, can levy higher tax
rates. Figure ?? shows that there is some positive relation between tax rates and GDP per capita

in our sample, but it is limited - in particular, it applies only PIT, with flat rates for both CIT and

“The PIT, CIT, and VAT rates are collected from the global tax rate databases produced by international consul-
tancies, including KPMG. The tariff rate is calculated as the unweighted average across all rates and comes from
the World Bank’s Development Indicators. In turn, the World Bank’s data comes from the UN’s Trade Analysis and
Information Systems (TRAINS) database.
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VAT and, as expected, decreasing rates for tariff. Moreover, the positive association between the
PIT rate and development only exists for upper-middle and high-income countries, while the slope
between tax collection per $ expense and GDP per capita is stronger in low and lower-middle-
income countries. Consistent with these observations, column (3) shows that controlling for the

statutory rates does not alter the slope coefficient substantially (0.221).

Columns (5) through (8) remove from the sample countries whose tax authorities differ in signifi-
cant ways. In column (5), we remove countries where the national tax authority is not responsible
for collecting the VAT or general sales tax. This leaves the main coefficient virtually unchanged
(0.249). In column (6), we remove countries where the (domestic) tax authority is not also in
charge of collecting border taxes — this decreases the sample to 90 countries and increases the
slope coefficient slightly (0.260). In column (7), we remove countries where the tax authority is
also in charge of collecting social security contributions - the reduction in sample size is signifi-
cant (73), but the slope coefficient remains stable (0.218). Finally, in column (8), we remove tax
authorities that are in charge of hosting and maintaining the national population registry. This only

removes two countries, and the slope coefficient is essentially unchanged (0.241).

The extensions and robustness checks in Table 1 suggest that the positive association between
the average collection per expenditure and development is a general feature in the data that holds

across a variety of institutional settings and at different levels of GDP per capita.

We now turn to investigating patterns within countries over time. Figure 2 displays the evolution
of taxes collected per $ of collection expense at the federal level in the US between 1867 and
2017. To maintain consistency with the cross-country figure, the figure plots the ratio against the

continuous measure of GDP per capita rather than calendar years.

Similar to the cross-country figure, there is a clear, strong positive association: at higher levels
of GDP per capita, the federal government in the US collects much more tax revenues per dollar
of collection expenses. There is a clear (visual) break in trend, which corresponds to the imme-
diate post-WWII period; the positive association is much steeper in the period prior to WWIL.
Interestingly, the range of observed values for our average collection per expenditure measure is
comparable in the US long run and across countries today - varying in both cases between (log) 3

and (log) 6 values.

We estimate the relationship between our measure of average collection per expenditure and (log)
GDP per capita for the full panel of countries in Table 2. All regressions include country-fixed

effects, such that the slope coefficient captures the average association based on changes within a

3To the best of our knowledge, this is an uncommon institutional set-up. In our sample, only two Scandinavian
countries (Sweden and Norway) put the tax authority in charge of simultaneously maintaining the population registry.
In our sample, no tax authority is directly in charge of conducting the national census, neither for citizens nor for firms.
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Figure 2: Tax Collections per Expenditure in the United States: 1867 to 2017
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Notes: This figure plots the association between the (log) ratio of taxes collected to collection expenses against GDP
per capita (in constant 2011 USD) in the US between 1867 and 2017. Progressing along the x-axis is closely related
to increases in the calendar year; the vertical dashed lines mark 10-year intervals.

country over time. To account for serial correlation in both the outcome and regressor, standard
errors are clustered at the country level. Column (1) indicates a positive association, which is
highly significant. Interestingly, the magnitude of the within-country association (0.644) is much
larger than the association across countries (0.248, column 1 in Table 1). The following columns
show that the estimated slope coefficient is robust to removing the country-year observations where
the domestic tax authority is not responsible for collecting border taxes (column 2, coefficient of

0.645) or is responsible for collecting social security contributions (column 3, coefficient of 0.691).

To complete the investigation, we turn our focus to studying the relationship between collection
per expenditure and GDP per capita at the sub-national level of US and Indian states. Conceptually,
individual state tax authorities within a country may differ in some characteristics, which impact
collection per expenditure similarly to how these characteristics vary across countries. As such,
it is a meaningful extension of our main investigation to investigate whether we observe similar
patterns at the sub-national level. Naturally, focusing on variation within states over time also
allows us to control for all unobserved variation at the country-year level, which may confound

our interpretation of the results in both the cross-section and panel of countries.
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Table 2: Panel of Countries: Tax Collections per Expenditure and Income per Capita

(1 2) 3)
Outcome Log T/X Log T/X Log T/X
Log GDP percap 0.644 %+ 0.645%** 0.6917%**

(0.171) (0.193) (0.157)

Country FEs X X X
Countries 16 14 13
N 625 546 519
R? 0.566 0.545 0.578
Sample Restrictions Exclude if no customs Exclude if soc sec incl.

Notes: This table provides panel regressions of the (log) ratio of taxes collected to expenses on collection on log GDP
per capita. All columns include country-fixed effects. The sample consists of an unbalanced panel of countries: Aus-
tralia (1972-2017); Bangladesh (1964-2015); Botswana (1971-2005); Canada (1924-2008); Denmark (1959-2006);
India (1946-2016); Kenya (1962-1995); Malawi (1964-1996); Pakistan (1949-2005); South Korea (1987-2016); Sierra
Leone (1964-1996); South Africa (1960-2007); Thailand (1959-2017); United Kingdom (1993-2017); United States
(1877-2016); Uruguay (1980-2017). Column 1 runs the basic OLS with country-fixed effects. Column 2 excludes
country-years where customs are not included in the T/X ratio. Column 3 excludes countries where the tax authority
is responsible for social security. Standard errors are clustered at the country level. * p;0.10 ** p;0.05 *** p;0.01.

Table 3: Panel of Sub-National States: Tax Collections per Expenditure and Income per Capita

ey 2)
Outcome Log T/X Log T/X

Log GDP percap  0.567%*%* 0.278#%*

(0.143) (0.0606)
Sample US states  Indian states
(1993-2017) (1950-2017)
Number of states 50 28
State FEs X X
N 850 964
R? 0.719 0.777

Notes: This table provides panel regressions of the (log) ratio of taxes collected to expenses on collection on log GDP
per capita. The sample consists of an unbalanced panel of sub-national states: in the US, between 1993 and 2016, in
column 1; in India, between 1950 and 2017, in column 2. All regressions include state-fixed effects. Standard errors
are clustered at the state level. * p;0.10 ** p;0.05 *** p;0.01.
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Table 3 reports the results of a basic regression, which includes state-fixed effects and clusters
standard errors at the state level. Column 1 focuses on the sample of US states (1993-2017), and
column 2 focuses on Indian states (1950-2017). In both cases, we uncover a positive, precisely
estimated coefficient. The coefficient within US states over time (0.567) is comparable in magni-
tude to the country panel regression (Table 2), while the coefficient within Indian states over time

(0.278) is more in line with the country cross-sectional regression (Table 1).

In summary, based on novel data, we find that the collection per dollar of administrative expendi-
ture, measured as the ratio of taxes collected to collection expenses, varies positively with devel-
opment across space and time — across countries today, within countries over the long run, at both

the national and sub-national levels of government.

3 An Hlustrative Static Model

» small effects with CRS tax collection technology

* potentially large effect with DRS tax collection technology (high marginal cost of tax col-

lection)

* even with corruption

We consider a toy model to illustrate the potential effects of tax productivity on development.

Environment: A representative agent supplies one unit of labor. Production is linear in labour
and is normalized to 1, so aggregate output is ¥ = L = 1. A proportional tax at rate T € [0, 1]
finances a public good G. Let u(7) denote the average cost of raising one dollar of revenue, that
is collecting $1 consumes p(7) units of real resources. Its derivative p'(7) is the marginal cost of

public funds (MCPF). Households consume the remainder C, and public goods G equal:
C=(1-u(r)1)Y, G=r1Y.

The household has preferences over consumption and public goods in the form U(C,G) = chge,
where B, > 0, and the case @ = 1 — 3 corresponds to Cobb-Douglas preferences but need not

be assumed. The planner, therefore, maximizes

_ B (p)®
max (1=#()7)" (7). ()
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We next micro-found the link between the tax collection technology and the cost of public funds,
and show when the tax collection technology can lead to significant differences in the amount of

collected taxes, and therefore public goods, across countries.

Constant returns in tax collection. Suppose labour employed in tax administration collects
taxes ALc = TLy, where A > 0 is tax productivity and Ly is labour producing output. Consumption

and public goods are C = (1 — 1)Ly, G = tLy. Total labour is Ly + Lc = L = 1. Solving for Ly and

1
1+

o (55) ()
el \ 1+ % 1+5/)

This is equivalent to a setting with a constant average cost of public funds u:

substituting gives the expression Ly =

. The planner maximizes, therefore

2|

o+p1
B A

With a constant average cost of public funds, the optimal amount of taxed collected in (1) is

u~1+ )

T= m. That is, if t is close to 1, the amount of taxes collected in this economy is not far from
the taxes collected in an economy with frictionless tax collection, with 4 = 1 and t* = #. With

A =30 (average tax collected per expenditure for low-income countries), B =2/3,a =1—f3, we
obtain u = 1.05, which means the average cost of public funds is only 5% above the dollar raised,
and G = 0.31. For high-income countries, A ~ 200, and we obtain u = 1.015, i.e. G = 0.33. Con-
stant returns to tax collection, therefore, cannot generate meaningful differences in development

across countries.

Decreasing returns in tax collection. Suppose labour employed in tax administration collects
taxes ALg = 1Ly, where 0 < 11 < 1. The labor market clearing condition Ly + (T/i—Y)l/ m=1,
generates a cost of public funds pt(7) that rises steeply after the “easy” taxes are exhausted, u'(7) >
0. The social planner chooses 7 to maximize utility subject to tax collection costs (1) with the first-

order condition
o o)t p)
B ()

From our calculations above, the numerator is of the same order of magnitude across countries for

3)

any given tax rate. In contrast, even small differences in the marginal cost of public funds can lead

to large differences in taxes collected due to the 1/u'(7) term.

Differences in marginal productivity in tax collection are therefore essential in order to explain
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differences in tax collection capacity across countries. When the first few percentage points of rev-
enue are cheap but the marginal cost steeply increases thereafter, equilibrium taxes can remain low
despite an average cost of public funds such as u ~ 1.05 computed for low-income countries. A
credible quantitative exercise must therefore model a tax collection sector with decreasing returns

to scale.

4 Model of Tax Productivity and Development

In what follows, we consider an economy in which workers can supply labor in a modern or a
traditional sector. The government hires tax collection personnel to collect taxes. Tax revenue

finances public capital, which enters modern production a la Baxter and King (1993).

4.1 Environment

4.1.1 Technology: Modern and Traditional Sectors

Modern Sector. Modern firms produce output according to a non-linear technology that features
both private and public capital:
Yur = F(AY kg, k,Ly) “)

where AM is a technology parameter, kg denotes public capital, k is private capital, and Ly, is the
effective labor employed in the modern sector. We assume that the production F is of constant
returns to scale in private capital and labor (k,Lys). In each period ¢, modern firms hire workers at

wage wy, and rent capital at rate r;. Their profit maximization problem is

kml?x F(AM;kG,takhLM,t)_WM,tLM,t_rtkt- )
ty LMt

Traditional Sector. Firms in the traditional sector use a linear production function:
yr=A"Lr, (6)

where A7 is the productivity parameter and Ly is the labor employed. Traditional firms hire work-

ers at a fixed wage wy = A7
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4.1.2 Public Sector and Tax Collection.

In each period ¢, Taxes 7; are collected on modern sector wages. However, the tax rate T, /wps Ly ¢
depends positively on the tax collection personnel L¢, and a country-specific tax collection pro-
ductivity AC. Let G(AC,LQ,) < 1 denote the government tax productivity function that determines
the rate of modern sector wages collected so that taxes 7; = G(AC,LCJ)WMJLM;. Without loss of
generality, tax collection personnel are paid at the modern sector wage, and we assume that the tax

productivity function has decreasing returns to scale in L¢ .

4.1.3 Households

The modern and traditional sector workers live in a household that constitutes the representative
consumer. The representative household owns all capital and supplies modern and traditional
sector labor. The representative household maximizes lifetime utility subject to the intertemporal
budget constraint,

(o)

max B u(cs, Ly, Lry)
{Clvkl‘+labt+l} l;) a o ’

C[ +k[+1 +bz+1 S (1 - a)t)(l + r[ - 6)]([ + (1 - G(AC,LCJ>)WM7[LM’[ +WTLT7[ +R[ bl" (7)

with initial private capital kg = ko. In this equation, r; is the return on private capital, § is the
depreciation rate of private capital, and R; is the return on bonds. The terms @, are a sequence
of given wedges on the household’s capital choice. These wedges capture for realism capital
distortions in emerging markets, such as capital expropriation and the fact that the provision of
public capital can distort private capital accumulation. Note that income taxation affects sectoral

allocations.

4.1.4 Government and Public Capital Accumulation

The government hires tax collection personnel and collects taxes. The government can borrow to

finance its overall budget. That is the budget constraint:

witiLeg + R + kS < T+ by + (1= 8K + an (141, — 8)k, (8)
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where 8 is the depreciation rate of public capital. However, the government cannot borrow to

finance public capital,® that is, public capital evolves according to
k1= (1-8% ke, +T;, 9)

Higher tax revenues directly feed into more public capital, which in turn boosts modern production.

Market clearing in the goods market requires that

¢ +kivr FwyLley kg < (141 — 8k +wargLagy +AT Ly, + (1 — 8%)ke,. (10)

4.1.5 Equilibrium

A competitive equilibrium in this economy consists of allocations {c;,Lr;,Ly,Lcs, ki, kG, b:}

and prices {wr;,wa,,r:,R;} such that:

1. Firm optimality: Modern firms take prices {wa;,7;} and public capital kg, as given, solve
modern producer’s problem (5) and make zero profit in equilibrium. Traditional firms hire

labor at wage w, = AT,

2. Household optimality: representative households take prices {WTJ, WM.t r;, R, } and tax col-

lection personnel Lc; for given and solve the consumer problem (7),

3. Budget constraints: government’s budget constraint (8) and public capital accumulation

equation (9) are satisfied,

4. Market clearing: markets clear (10).

4.2 The Government’s Problem

To study optimal policy, we now formulate the Ramsey problem. The government (or tax author-
ity) chooses sequences of tax collection personnel and private capital wedge 7 = {L.;} to max-
imize the representative household’s lifetime welfare Y;>  B' u(c/(7), Ly (%) + L7,(7)) where

®We can relax this assumption by assuming that the government borrows at a higher rate than the households to
finance its budget. Note that in equilibrium, this market structure for government finances implies that the government
can borrow short-term to finance inputs in tax collection —here public sector wages— while public capital is the sum
of depreciated values of taxes collected. One interpretation for this model of tax collection and development is that
there are payment in advance constraints for tax collectors that require debt financing.
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(1), Ly (%), L1, (1) are equilibrium allocations with tax collection.”

Following the primal approach, we formulate the government’s problem as a choice on alloca-
tions directly. Conditions for these allocations to correspond to those chosen by the households in

equilibrium result in an implementability condition that constrains the government’s choices.

Lemma 1. The implementability condition on the government’s allocation choice is:

Y B’ [uc(t)c, — g, (1)Lt — ury, (£)Lrs | = 1e(0) Roko. (11)
t=0

Proof. The household maximizes

max B'u(er, Las, Lry)
{Cf7k[+|?b[+1} Z:Z() ’ |

subject to the sequence of budget constraints
¢ tkist b1 = (1— o) (1+7,— 8)k + (1 — G(A®, Le ) ) wam Ly s +wr L1y +Ri by,

with given ko. Let A, be the Lagrange multiplier on the period—¢ constraint. The corresponding

first—order conditions (FOCs) include: For consumption:

MC(C[,L[) = A'T
For capital:
A =B A1 (1= o) (1+r41—6),

For bonds:
A =B A1 Ry

For labor in each sector: The intratemporal conditions (from differentiating with respect to Ly, and
LT) yield
ury, (e Le) + 2 (1= G(AS, Le,)) was =0,

Urr (C[,Lt> +A¢WT =0.

where L; = Ly; + Ly is total labor. Multiply the period— budget constraint by the discount factor

7In this environment, many tax instruments are equivalent. An increasing tax on consumption is equivalent to taxes
on private capital. In addition, we can show similarly to Chamley (1986) that optimal private capital taxes are zero
starting in period one. Therefore, we focus on income taxation and the productivity of tax collection.
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and the multiplier:
B'A [Ct +ki g1 +bl+1:| =B'A [(1 — ) (141 —0)k+ (1 - G(ACaLC,t»WMJLMJ +wrLr;+Ri Dy |.

Now we sum over ¢t = 0 to . Because the asset evolution terms (for &, and b;,1) and the Euler
equations imply that the multipliers A, evolve consistently with the returns, the terms involving
future assets cancel out telescopically. In other words, when you write the sequence A k; 1 and
B'As,b; 11, the Euler equations ensure that almost all terms cancel with the corresponding terms
coming from B4, 11 (1 — @) (1 +r;41 —8)k; and B'*'A; | R;; 1 b,. The remaining term is the
one associated with the initial capital Ao Ry kg and by assumption by = 0. Rearrange the labor FOCs
as follows:
A (1= G(AS, L)) way = —ury, (cr,Ly),

2')‘M’YT = _MLT(CHLI)'

Replacing these terms in the sum over the budget constraints, the contributions from the wage

income parts become:
Btlr (1 - G(AC;LCJ)) WMt LM,z = —ﬁ[ULM (ctth)LMv

Btﬁo‘ wr LT,t = —ﬁtuLT (CtaLt)LT~

After the telescoping cancellation from asset terms and substituting the expressions for the wage

incomes, the summed expression becomes
Z ﬁl [%Ct - uLM(CtaLt)LM — ULy (CluLl)LTi| = AoRoko.
t=0

Recalling that A4, = u.(¢;,L;) (and writing u.() for brevity) and Ay = u.(0), we obtain

2B [“C(I)Ct —upy, (t)Ly — ur, (t)LT] = u.(0) Roko.
=0

Thus, the result.

O

This condition ensures that the chosen sequence of consumption, labor, and capital is consistent

with the household’s optimal choices, initial endowment, and the evolution of prices.

The government then chooses allocations in order to maximize the representative household’s life-
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time welfare subject to (i) the economy’s resource constraints, (i) the implementability condition

(11), and (ii1) the government’s budget constraint.

Formally, the government’s problem is:

(o]

max ﬁtu ¢ LM, LT7
{erker1: Ly Lrg Loy} ;) ( ) t t)

subject to

Cr kit + Fryy (ke kO, Ligs) L.+ kG 1 < F (ke k¢ L) +AT Ly + (1= 8)ke + (1 — 89k
W;.t

ki1 =(1—8%ke, + G(AcaLC,I)FLM(khszyLM,tZLM,ta

WMt

the implementability condition (11) holds.

For ease of notation, we next specify G with the decreasing returns to tax collection personnel
G(AC,Lc) = ACLg where 0 < 1 < 1. We derive the follow optimal tax collection formula at the
steady state.

Proposition 1 (Steady-State). Suppose there exists an interior steady state, then the optimal tax

collection choice is determined by:

1-B(1—-96g Fc+1—96¢g 1—-n
é ) _ —1 + B|—— ) FyclLc,
Gr (A%, Lc) L (Fr1+-8)(1-0) i /
net return of public capita‘l, relative to private capital  net direct benefit from wa;erincreases - personnel pay

(12)

Proof. We begin by writing the first-order conditions of the government’s problem for any period

t>0.

For the consumption choice, we have:
Bluc(t) + B uce(t)cr +uc(t) — um.cry (1) Lag — ur cr, (1) L1 | = Ar,

where A; denotes the Lagrange multiplier on the period-7 resource constraint.
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The FOC with respect to private capital &, 1 is

—X+ A [Fk(t +1)+1—0 — Fp(t+ 1)Lc,z+1} + %41 G(AS, Legi1) Frppi(t + 1) Lag 41 = 0.

Rearranging, we obtain

A =Asi [Fk(f +1)+1—=08 — Fpx(t + 1)Lc,r+1] + %41 G(AC, Legi1) Frppr(t + D) Lag 41

For the choice of tax collection personnel L¢, the FOC is given by:

—Awms + % Gr. (AC,LC,t) wy Ly = 0.

Since wyy; > 0, it follows that
r =% GLC (AC7LC7Z‘)LM.,Z~

The FOC with respect to public capital kt(il is

A=Y =XM1 Frc(t+1)Lep + [1 — 86+ G(AC Les1) Frpyo(t+ 1) Lagrs1 | Y

+ A1 [FG(f+ +1- 5G} =0.
Rearranging this condition yields

A =N [FG(I+ 1)+ (1-6¢)—Fr,c(t+ 1)Lc,r+1] %+ [1 —86+G(AS Legy1) Fryy(t+ 1)LM,z+1} Yit1-

Dividing by A; and writing the resulting expression in terms of ratios, we have

1= % [FG(I+1)+(1—5G)_FLMG(I+I)LC,tJrl} —%—i— [1 _5G+G(AC7LC¢+1)FLMG(Z+I)LMJH] %
So A 1
ﬁ,; [ G( ) ( G) LMG( ) C,H—l} GLC<AC7LC,Z)LMJ
1 Ari1

1= 86+ G(AS, Legy1) Fryc(t+1)L } '
[ G+ G( Ca+1) FryG(t + 1)Lat 1 Gre(AC, Lesi1) L1 A

At an interior steady state, the relevant ratios become time-invariant. In particular, the Euler equa-
tion implies that A, 1 /A = B(1 — @)(1 +r— 0). Moreover, by setting Lc; = Lc and Ly ; = Ly in

22



steady state and using the relation

Y _ 1
A Gr.(AC,Lo)Ly’

The public capital FOC simplifies to

P gt gt
Set G(AC,Lc) = ALl with0 < n < 1
é;(ﬁg " f Z)W —BLcFiy6/m = B|Fo+ (1= 86) — Fiyole, | =1 (14)
Le. 1-B(1-6 Fo+1-—3§ 1
Gt ot = e () e >
This completes the proof. 0

The optimal tax collection rule encapsulates several economic trade-offs. The left-hand side is
an increasing function of tax collection personnel. The first term of the right-hand side is the net
marginal return of private capital relative to public capital in terms of output. All else equal, a
high marginal return on private capital (i.e., a high F;) makes investment in private capital more
attractive relative to public hiring for tax collection. In contrast, a high marginal return on public
capital (i.e., a high F5) means that public capital is particularly productive. This enhanced pro-
ductivity makes public hiring more appealing. Finally, improved tax collection productivity (a
higher A®) directly raises the marginal effectiveness of tax collectors, enabling the government to
gather higher tax revenues. Finally, a larger modern sector (a higher L,;) expands the taxable base,
which naturally increases total tax collections. The second term is the direct net marginal benefit
from wage increases minus personnel pay. A larger net marginal from wage increases, net of tax,
personnel pay increases the government’s incentive to hire more tax collectors. We next provide

sufficient conditions under which such a steady-state exists.

Lemma 2. Suppose that household preferences are separable in consumption and labor inputs,
and of the type CRRA in consumption, and the capital wedge is efficient. Then, there exists an

interior steady state.
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S Quantitative Analysis

We now set the functional forms of the production technologies, utility function, and tax collec-
tion production function to perform our quantitative analysis. The tax productivity function has

decreasing returns in tax administration labor L and is given by:
G(AS,Lc) = AL}, where0<n < 1. (16)

We follow the World Bank Long-Run Growth Model and consider modern-sector production func-
tion that combines public capital k©, private capital k, and labor Ly, to produce output, with the
TFP parameter Ay, the efficiency of public investment 0 < 1 which can capture corruption, the

elasticity of public capital { and the private capital share p:
Far (k% Kk, Lag) = Apr (OKO) kML, *, where {, € (0,1). (17)

The traditional-sector production function is linear, the utility of consumption ¢ is CRRA with risk
aversion coefficient 7y, and the disutility of each labor input is isoelastic with Frisch elasticity of

labor supply €.

u(c) = , Y>0, u(L) = £>0. (18)

5.1 Steady-State

A steady state is determined by the system of 9 equations and nine unknowns (wys, wr, 1, Ly, LT, Le, k, kg, c)
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optimal collection:

1-B(1-09 1—
GLC (ﬁé7LC) Z)u - ﬁ [FG+ (l — 5G):| —1 +ﬁ (Tn) Fr,,GLc,

(19)

private capital: l=B(F+1-6)+p ! ;} 1 Fr,, xLc (20)

public capital: kg = %G(AC ,Le)wayLy 1)

return on private capital: r=Fyx 22)
modern sector wage: wy = Fy L (23)
traditional sector wage: wr =Frp 24)
modern labor: ur,, = Ucwy X (1 — G(AC,LC)> (25)
traditional labor: Ur, = UWT (26)

agg. res. constraint: c+wyLe+ 8% = (r—98)k+wyLy +ATL, 27

5.2 Calibration and Quantitative Counterfactuals

We begin by assigning some parameter values directly following the literature, deliberately taking
standard choices wherever they are available. As each period represents one year, we set the
discount factor, 3, to be 0.96, and the depreciation rates of physical and public capital, § and g,
to be 0.06. We assume that capital’s share in the production function is 0.33, giving one-third of
labor income to private capital. We pick a labor supply elasticity, €, of 0.5, and a coefficient of

relative risk aversion, ¥, of 2. We normalize the productivity of the traditional sector, Ar, to be 1.

Two important parameters for our analysis that are less standard in macroeconomics are the degree
of returns to scale in the tax administration sector, 71, and the elasticity of output to public goods,

{. We discuss each of these in turn.

For the former, we set 1 = 0.05. In our model, 1) corresponds to the ratio of the marginal product
of tax collections to the average product (e.g., total collections per tax administration expenditure,
the subject of our empirical analysis). Several types of evidence point to marginal products being
significantly smaller than average products. First, it is well established that tax authorities organize
their resources and activities to prioritize the more easily taxable segments of the economy (Su-
gin, 2014; Christians, 2013; OECD, 2024; IMF, 2015; EU, 2015). For example, wage employees
are easier to tax than self-employed (Kleven, Knudsen, Kreiner, Pedersen, and Saez, 2011), larger

firms are easier to tax than smaller firms (Pomeranz, 2015; Kleven, Kreiner, and Saez, 2016), and
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consumers in large, modern retail stores are more easily taxed on their expenditure than consumers
in small, traditional stores (Bachas, Gadenne, and Jensen, 2024). Most tax codes exempt firms
below certain thresholds (of size, assets, or number of employees) and in certain sectors (often
agriculture) from the main tax bases.® For individuals, almost all personal income tax (PIT) sched-
ules around the world feature an exemption threshold, whose location is sometimes justified based

on administrative resource considerations. °

Evidence for marginal collections exists for the property tax in Ghana, a low-income country
(Dzansi, Jensen, Lagakos, and Telli, 2025, based on). In the cross-section of local governments,
results suggest that the marginal collection per dollar of expenses for a local tax collector is 1.56.
The findings are remarkably similar based on an RCT within a local government, where an ex-
periment that increases both collections and expenses for a random subset of collectors yields a
marginal collection per dollar of expenses of 1.62. In Ghana, average collections per dollar of
expenses is 43 — leading to a ratio of marginal to average of 0.04. Moving to a middle-income
country, in Costa Rica, Brockmeyer, Smith, Hernandez, and Kettle (2019) experimentally esti-
mates the impacts of a policy that increases enforcement among nil filers (registered taxpayers that
declare a value of O for their taxable activities). The paper estimates a marginal collection per dol-
lar of expenses of 4; with an average collection per expenses in Costa Rica of 82, the implied ratio
of marginal to average returns is 0.05. Finally, evidence from a high-income country can be found
in Boning, Hendren, Sprung-Keyser, and Stuart (2025), which estimates the marginal collections
from random audits of individual income taxpayers in the US. The authors find that the marginal
collection per dollar is 12.8. With an average collection of 260 in the US, the ratio of marginal to
average returns in the US is 0.05. Our choice of n = 0.05 is consistent with these three pieces of

evidence.

For the elasticity of output to public goods, {, we choose a value of 0.17. There have been a
number of attempts to estimate this elasticity in the literature. The World Bank uses these estimates

to discipline its Long-Term Growth Model (see Devadas and Pennings, 2018), drawing on a meta-

$Manuals for practitioners explicitly justify this policy design as driven by administrative cost-benefit considera-
tions: in The Modern VAT, IMF (2001) states that “for the great majority of small traders, the cost of taxing them
would exceed the VAT that could be collected, so an exemption threshold is efficient and sensible.”

°In the early 20th century, when the US featured a large self-employed workforce that was hard to tax, Cordell
Hull, the legislator who led the introduction of the US PIT, commented that “A lower exemption would be difficult of
enforcement and also would entail so much administrative work as to make it unprofitable(...) a lower exemption than
$4,000 would embrace more complicated taxpayers while this bill proposes to collect satisfactorily at the source [i.e.,
on employees]” (cited in Blakey, 1914). In the 2015 budget speech, while outlining a reform to the PIT exemption
threshold, Ghana’s deputy finance minister argued that, by practically exempting most self-employed and small busi-
nesses, “the increase in threshold would help ease the system and ensure efficient administration of the tax” (of Ghana,
2015). Finally, in the domain of compliance, a key policy prescription by international organizations is to segment tax-
payers and focus enforcement resources on larger firms and more well-off individuals, through the creation of medium
and large taxpayer offices (IMF, 2015; World Bank, 2024).
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Figure 3: Output Elasticity of Public Capital
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Notes: This figure plots a histogram of output elasticities of public capital from the meta-analysis of Bom and Ligthart
(2014).

analysis by Bom and Ligthart (2014). We follow Devadas and Pennings (2018) in picking a value
coming from studies of “core public capital (i.e., roads, railways, airports, and utilities)” and taking
longer time horizons. Figure 3 plots the estimated elasticities from the meta-analysis; our value

falls squarely in the middle of the range.

The last parameter value we have to set is 6, which governs the fraction of government tax revenue
that is lost to graft or waste. Our strategy is to take three separate targets for low-, middle-, and
high-income economies, since it is widely agreed that government corruption is more prevalent in
less developed economies. We target values of 0.58 for the low-income economies, 0.74 for the
middle-income countries, and 0.84 for the high-income ones. These values are used by the World

Bank’s Infrastructure Efficiency Index (IEI); see (see Devadas and Pennings, 2018).

There are two remaining parameters that we aim to target jointly: A, the efficiency of tax collec-
tion, and Ayy, the efficiency of production in the modern sector. We target these jointly to match
two targeted moments: a 7 /X ratio of 30, which is consistent with our data from the world’s poor-
est countries, and a modern-sector employment share of 50 percent, which is a plausible value for

countries in this income range. For example, this is approximately the agriculture sector’s employ-
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ment share in Sub-Saharan Africa, and most of agricultural production is at small-scale farms that

may be hard to tax.

The calibrated model does not target the share of total employment in the administration sector,
but it does make reasonable predictions for this statistic. In the model, around 0.1 percent of
employment is in the tax administration sector, and this is broadly consistent with evidence from
Sub-Saharan Africa (Appendix table coming). Tax collections relative to GDP are also not targeted
directly. In our model, this is 2.9 percent. In the data, Sub-Saharan African countries have tax-
to-GDP ratios averaging around 10 percent (Appendix Table 5). Though our model only features
taxes on labor income, and expenditures that are entirely used for investments in public goods
provision, with no role for transfers between households in the model. When matching our model’s
predictions to the share of tax revenues that go toward public investments, our model’s predictions
are closer to the mark. Evidence suggests that closer to one-third of tax revenues go into public
investments (as opposed to military spending, transfers, and debt repayments); Comelli, Kovacs,
Montoya Villavicencio, Sode, David, and Eyraud (see e.g. 2023, and the IMF Government Finance
Statistics).

Table 4: Counterfactual Analysis Results for Low Income Countries

AAc AGDP AHulten Ak Akg ATax Ly/L Ly/L  Lo/L T/X

10 1.2 0.11 24 123 123 045 0.55 0.0012 41
20 22 0.12 43 244 244 045 054 0.0009 54
50 4.7 0.15 86 572 572 046 054 0.0004 155

Notes: Columns with A indicate percentage changes in Ac, GDP, Hulten predictor, capital (k), public capital
(kg), and tax revenue. Variables Ly /L, Ly /L, Lc/L and T /X show absolute levels. Baseline parameters are
n=0.05,§=0.17, 0 = 0.58, Ayy = 0.83, Ac = 0.13, with a Domar weight of 0.00092637.

Once the model is calibrated to match low-income countries, our main quantitative exercise sim-
ulates the long-run general equilibrium effects of raising the efficiency of the tax administration
sector. We compute the effects in particular of an increase in A¢ of 10 percent, 20 percent, and 50
percent. We consider that productivity increases in this range are eminently feasible given existing
policy levers available to developing economies. For example, in an experiment by a subset of the
authors (Dzansi, Jensen, Lagakos, and Telli, 2025), better databases of property owners linked to
hand-held tablets with GIS capabilities significantly increased property tax collection outcomes in
Ghana. The probability that tax collectors successfully delivered bills to the right property owner
increased by 27 percent, and tax collections per worker increased by nearly 100 percent. Although
these results do not literally map into changes Ac, they suggest that the range we choose is not

implausible.

Table 4 reports the changes in GDP and other key variables in the new steady state resulting solely
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from a change in Ac. Even a 10 percent increase in Ac¢ results in a long-run GDP gain of 1.2
percent, which rises to 4.7 percent from an increase in A¢ of 50 percent. As a frame of reference,
the GDP increases suggested by Hulten’s theorem, in its simplest form, come from taking the
tax administration’s Domar weight (which is 0.1 percent) and multiplying it by the increase in
Ac. Using this simple yardstick, the GDP gains from raising Ac should be 0.11 percent and 0.15
percent, respectively. In other words, the GDP gains from improving a tiny sector should be tiny.

Our model’s predicted GDP increases, by comparison, are an order of magnitude larger.

How does the model predict such outsized long-term gains from upgrading productivity in the
tiny tax administration sector? The answer comes not from within the sector itself, but from the
resulting increase in tax revenues, which increase by 57 percent in the case of a 50 percent increase
in Ac. The result is a similar percentage increase in public capital stocks, which raises the marginal
product of private capital and stimulates an 8.6 percent increase in private investment. These are
the two main forces, in a simple growth accounting sense, for why GDP increases so much in the
long run. Shifts in labor across sectors do not play a central role, with only a modest increase in
the size of the modern sector. Taxes per unit of expenditure increase by up to 155 percent, which

looks more like the range of 7' /X in the middle-income countries.

Of course, middle-income countries differ in other ways than low-income countries. In the work
in progress, we are working on computing and validating our model’s predictions for the middle-

income and high-income countries too.

6 Conclusion

This paper develops the concept of tax productivity—the efficiency with which governments con-
vert administrative expenditures into tax revenues—and studies its relationship with economic de-
velopment. Using comprehensive data covering 100 countries across a wide range of income levels
and spanning multiple decades, we document a robust positive association between tax collections
per expenditure on collections and GDP per capita, observed consistently in both cross-sectional
and longitudinal analyses. We interpret these empirical patterns through a quantitative growth
model that incorporates tax administration into a Ramsey framework. The model highlights that
increased tax productivity enhances a government’s ability to finance productive public invest-
ments, thus contributing to higher levels of economic output. Preliminary quantitative findings
indicate that improvements in tax productivity could substantially impact aggregate outcomes, and
significantly more than suggested by the tax administration sector’s tiny share of total employ-

ment.
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A Online Appendix

A.1 Solution Method of Steady State

The original 9-equation and 9-unknown system can be effectively characterized by reducing it to
a simpler 3-equation and 3-unknown system. For convenience, we choose the variables (Lys, G, k)

as our main unknowns.

To begin, we note that using G allows us to directly determine the tax administration labor, L, via

the relationship:

G 1/n
Lc= (A_C) . (28)

Furthermore, due to the constant returns to scale (CRS) property of the production function, we

have wy Ly = (1 — p)F. Thus, the equation for public capital can be rewritten as:

1
kg = 5—GG(1 — W)F. (29)

Substituting this expression into the production function ' = A M(Gkg)ck“L}V;” yields a simplified

form:

1
_ ¢ 1-7
F=|Ay (W) kﬂL}Wﬂ] ) (30)

With this formulation, the factor prices can now be explicitly determined. The modern-sector wage

wy and rental rate of capital r are given by:

1—p)F F
S G )L S 31)
Ly

assuming the values of Ly and k are already known.

Subsequently, we incorporate the equilibrium conditions related to labor and consumption in the

modern and traditional sectors. Consumption ¢ and traditional labor L7 are obtained through:

1
c= L_l/gwM(l—G) /y, Ly = (¢ "wr)f, (32)

with the normalization wy = Ay = 1.
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Summarizing the above transformations, we express all relevant variables (¢, Lys, L1, Le, kG, k, war, r)
in terms of three primary endogenous variables (Lys, G, k). After suitable substitution and elimina-
tion, we are left with three essential equilibrium conditions: optimal tax collection, private capital

accumulation, and the aggregate resource constraint.

A.2 Appendix Figures and Tables
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Table 5: Tax to GDP Ratio for African Countries

Country Year Tli);tti(()) ?(;)P
Angola 2017 9.22
Burundi 2016 13.86
Burkina Faso 2019 15.64
Botswana 2021 22.23
Central African Republic 2017 7.08
Cote d’Ivoire 2021 12.39
Cameroon 2014 12.29
Congo, Dem. Rep. 2020 6.43
Congo, Rep. 2021 6.51
Ethiopia 2018 7.52
Gabon 2019 11.48
Ghana 2014 11.25
Kenya 2021 13.55
Lesotho 2022 30.44
Madagascar 2018 10.28
Mali 2014 12.65
Mozambique 2021 2275
Malawi 2022 13.50
Namibia 2021 28.06
Rwanda 2016 14.42
Senegal 2023 19.44
Togo 2016 13.87
Tanzania 2021 10.86
Uganda 2016 11.12
South Africa 2022 26.01
Zambia 2019 16.68
Zimbabwe 2017 5.47

Note: This table reports the tax-to-GDP ratio (%) for all sub-Saharan African countries with a population of more than
2 million. The data was sourced from the World Bank’s World Development Indicators (WDI).
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