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Abstract
Incentives in agriculture are highly distorted. It has long been argued that these
distortions were a key explanation for differences in supply and productivity
across countries, but the empirical evidence is limited. We revisit this issue
using data on policy distortions across 63 countries for the period 1961–2011.
We estimate the effects of differential changes in agricultural distortions across
countries on supply and productivity. We highlight concerns in our analysis and
previous work about endogeneity that biases the estimated effect downward—
countries that lose comparative advantage are likely to increase support for
agriculture. We address these concerns by including country and region-time
fixed effects, along with a rich set of controls. Overall, we find evidence that
enhanced incentives through policy changes can increase the rate of production
growth, with about half of the increase due to productivity increases. This result
is strongest in Sub-Saharan Africa where anti-agricultural policies on exports
were reduced and in Europe where pro-agricultural policies on imports were
reduced, driven largely by external pressure. Endogeneity appears to be strongest
in Asia where countries have followed the typical pattern of raising support for
agriculture during industrialization due to a rising farm-urban income gap.
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“For want of profitable incentives, farmers
have not made the necessary investments,
including the purchase of superior inputs.
Interventions by governments are currently
the major cause of the lack of optimum eco-
nomic incentives.”

– T.W. Schultz (Nobel Prize Lecture)1

1 See Schultz (1980).

1 INTRODUCTION

Global markets for agriculture are highly distorted com-
pared to other major sectors (Anderson et al., 2013; Ander-
son, 2013). Productivity differences across countries are
also larger for agriculture than other sectors (Gollin et al.,
2014; Restuccia et al., 2008), while agricultural productiv-
ity growth has especially large impacts on the lives of the
global poor (de Janvry & Sadoulet, 2010; Gollin et al., 2021).
Could policy distortions explain part of the differences in
productivity? T.W. Schultz (1980) and many others have
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argued yes, but the empirical evidence is weak. A key chal-
lenge to empirically estimate the effect is that distortions
are endogenous (Trefler, 1993). For example, Japan’s pro-
tectionism for rice is not exogenously determined but is
rather a political effort to protect rice producers who lack
comparative advantage.
In this article, we exploit differential changes in distor-

tions across awide set of countries to provide new evidence
on how policy distortions for exportables and importables
impact the rate of growth of production. Intuitively, our
model estimates how changes in distortions in a partic-
ular country affect production growth compared to other
countries that changed distortions in a different direction
or different magnitude. We also decompose production
growth into changes in inputs and productivity, and we
estimate separate effects by region and income classifi-
cation to better understand heterogeneity in the results.
Our estimation strategy is feasible because of a unique
dataset from the World Bank that quantifies these distor-
tions across a broad set of countries over a long time period
(Anderson & Nelgen, 2013). The comprehensive dataset
assembled by Anderson and Nelgen (2013) provides an
important update and expansion to the pioneering work
of Krueger et al. (1988).
Our work is related to previous literature that estimates

the impact of price distortions on agricultural productivity
(Block, 1995, 2013; Fulginiti & Perrin, 1993; Fuglie & Rada,
2013; Fulginiti & Perrin, 1998; Gardner, 2005; Hu & Antle,
1993; Headey et al., 2010; Nin Pratt & Yu, 2008; Peterson,
1979; Rada et al., 2011; Rakotoarisoa, 2011). These studies
find evidence of a positive impact of removing negative dis-
tortions on agricultural productivity. Others estimate the
impacts of decoupled and coupled subsidies on produc-
tivity within the European Union (Garrone et al., 2019;
Kazukauskas et al., 2014; Mary, 2013; Rizov et al., 2013).
Dennis and İşcan (2011) study how agricultural distortions
for exportables impact overall economic growth. Magrini
et al. (2017) estimate how distortions to agricultural incen-
tives affect food security. Magrini et al. (2017) find that an
increase in assistance increases food availability up to a cer-
tain point and then further increases in assistance decrease
food availability.
The seminal work of Hayami and Ruttan (1970) focused

on how relative input prices affect technology. They found
evidence to support the induced innovation hypothesis—
an increase in the relative price of an input causes inno-
vation to economize on that input. Lin (1992) estimates the
contribution of different factors—including the increase in
the state procurement (output) price for commodities—to
the incredible increase in agricultural production in China
from 1978 to 1984. Lin (1992) finds that 16% of the growth
in production was attributed to an increase in the state
procurement price for commodities.

Another literature seeks to explain differences in agri-
cultural productivity between countries by developing
multi-sector macroeconomic models (Adamopoulos &
Restuccia, 2014; Donovan, 2021; Lagakos & Waugh, 2013;
Restuccia et al., 2008; Tombe, 2015). Adamopoulos and
Restuccia (2014) construct a model with heterogeneous
farm size and find that incorporating policy distortions
into their model explains a substantial portion of the gap
in farm size and productivity between countries. Our work
seeks to provide econometric evidence to complement
these macroeconomic models.
In the large literature on the effects of distortions on agri-

cultural productivity, Headey et al. (2010) is the only article
to include country fixed effects but they only include
2 years of data.2 For example, Fuglie and Rada (2013) do
not include country or year fixed effects in their analysis
of productivity in Sub-Saharan Africa.3 Binswanger et al.
(1987)was an early article that raised endogeneity concerns
with using between-country variation in agricultural sup-
ply analysis. We find that omitting country fixed results
in substantial downward bias in the estimates because
political pressure induces countries that have lower pro-
ductivity growth to provide greater support for agriculture.
We also find that omitting region-time fixed effects creates
a smaller upward bias because a decrease in production
growth leads to higher global prices that lead to the imple-
mentation of policies that decrease the domestic price.
Still, endogeneity concerns remain even with our method-
ology.We provide a robust discussion of additional sources
of endogeneity and the potential impact on our results.
Our analysis is the most comprehensive international

assessment of how distortions affect production. Previous
literaturewas limited to less than 25 countries (Block, 2013;
Fuglie and Rada, 2013; Fulginiti & Perrin, 1993, 1998; Hu &
Antle, 1993; Nin Pratt & Yu, 2008; Rada et al., 2011; Rako-
toarisoa, 2011) or less than 20 years (Gardner, 2005; Hu &
Antle, 1993; Headey et al., 2010; Magrini et al., 2017; Nin
Pratt & Yu, 2008; Peterson, 1979). For example, Rada et al.
(2011) use time series variation in distortions in a single
country (Indonesia) and Headey et al. (2010) use two time
periods for 48 countries.4 One of the key advantages over

2 Dennis and İşcan (2011) and Magrini et al. (2017) also do not include
country fixed effects in their analyses. Magrini et al. (2017) compare a
fixed effects model with and without an instrumental variable and do not
reject exogeneity. However, the preferred specification in Magrini et al.
(2017) does not include country or year fixed effects and they do not test
if the fixed effects can be reasonably omitted.
3 Fuglie and Rada (2013) are closely related to our study since they use the
same productivity data and use the Nominal Rate of Assistance from the
World Bank database as the measure of distortions.
4 Headey et al. (2010) estimate a differenced cross-section regression of 48
countries. The dependent variable is the change in TFP growth rate from
the period 1970–1985 to the period 1986–2001 regressed on the change in
average relative rate of assistance between these periods.



HENDRICKS et al. 3

the early literature is thatwe have access to theWorld Bank
Distortions database that providesmeasures for a larger set
of countries over a long period. This allows us to analyze
the impact of larger changes in distortions and increases
the precision of our estimates.
The results provide strong evidence that increasing

incentives for exportables has a significant impact on the
rate of production growth with over half of the effect
through increases in productivity. This result is strongest
in Sub-Saharan Africa, where the effective domestic price
was only 61% of the undistorted border price in the early
1980s. We find that increasing the effective price that
producers receive for exportables by 10% in Sub-Saharan
Africa increases production growth by .29 percentage
points and productivity growth by .22 percentage points
using the average share exportable. We also find that pro-
tection of imports in Europe, North America, and Oceania
spurred production growth increases, with slightly less
than half due to productivity growth. Our political narra-
tive indicates the results from these regions are least likely
to suffer from endogeneity bias because external pressures
were major drivers of changes in distortions. In contrast,
results in Asia have the opposite sign as expected because
countries in this region increased support for agriculture
as agriculture lost comparative advantage during industri-
alization.
Our results also have important implications for under-

standing thewelfare effects of price distortions.Mellor and
Johnston (1984) noted that the welfare consequences of
distortions are much larger than indicated by the short-
run misallocation of resources if distortions have long-run
impacts on productivity. Our estimates also give insight
into Malthusian concerns about the future prospects for
global food security. If productivity responds to price
incentives, then high prices due to food scarcity incentivize
increases in productivity growth that alleviate Malthu-
sian fears.

2 POLICY BACKGROUND

Figure 1 shows how distortions have evolved in major
global regions.5 Throughout this article we use the Nom-
inal Assistance Coefficient (NAC) as the measure of policy
distortions. The NAC is defined as 𝑁𝐴𝐶 =

𝑝𝑒
𝑖𝑡

𝑝𝑖𝑡
, where 𝑝𝑒

𝑖𝑡

is the domestic price that producers effectively receive
given the distortions in country 𝑖 and year 𝑡, and 𝑝𝑖𝑡 is
the undistorted border price. Under the assumption that
world prices are not affected by trade liberalization, 𝑝𝑖𝑡 is
the price thatwould exist under free trade. ANAC less than

5 The discussion of the history of policies in this section is based on the
exceptional analysis in Anderson (2009).

one represents an anti-agricultural bias and greater than
one represents a pro-agricultural bias. An export tax and an
import subsidy are examples of anti-agricultural policies
(NAC<1). An export subsidy and import tariff are examples
of pro-agricultural policies (NAC>1). The NAC captures
the net effect of all different types of policy distortions.
Figure 1 illustrates two widely recognized trends in

distortions. First, the NAC tends to be positive in high-
income countries and negative in low-income countries.
This is often referred to as the developmental paradox—
assistance to agriculture increases as agriculture becomes
a smaller portion of the economy. In low-income coun-
tries, urban interests have more political power and they
support cheap-food policies. In high-income countries,
farm interests are able to organize and support poli-
cies that transfer income to agriculture (de Gorter &
Swinnen, 2002). The second common pattern is that the
NAC tends to be larger for commodities with negative
net exports (importables) than for commodities with pos-
itive net exports (exportables) (Krueger et al., 1988). This
pattern is commonly referred to as an antitrade bias. In
some cases, this antitrade bias is motivated by a goal of
food self-sufficiency.
Next, we discuss the major trends in each region, some

of the key underlying political forces, and typical policy
instruments. Sub-Saharan Africa saw an increase in anti-
agricultural bias for exports from 1961 to the mid-1980s
as central planning was the primary policy view (panel
A, Figure 1). Binswanger and Deininger (1997) also note
that it was popular to implement anti-agricultural poli-
cies because agricultural supply is highly inelastic in the
short run so policymakers saw little immediate negative
impacts of the policies on production. A distinct shift in
policies occurred in the 1980s as theWorld Bank and Inter-
national Monetary Fund (IMF) began to make loans to
Sub-Saharan Africa conditional on the countries adopting
more market-oriented policies called structural adjust-
ment programs. These structural adjustment programs led
to substantial reductions in the anti-agricultural bias for
exports. The timing of the adoption of these policies dif-
fered across countries and some countries, like Zimbabwe,
have adopted more anti-agricultural policies over time
(Anderson & Masters, 2009). Distortions for imports have
tended to be smaller in Sub-Saharan Africa than for other
regions.Most of the distortions in Sub-SaharanAfrica have
been trade measures such as export taxes, import tariffs,
and quotas (Anderson & Masters, 2009).
Latin America also became more anti-agricultural from

1961 to 1980 and then more pro-agricultural after 1980
(panel C, Figure 1). A key determinant of the change in
policies in Latin America was a change in the view of
what policies were most effective. Before the 1980s, the
dominant view was that protectionism was an effective
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F IGURE 1 Distortions over time for each country by region and trade status. Note: Distortions are measured as the log of the Nominal
Assistance Coefficient (NAC). Policies are anti-agricultural when log of NAC is less than 0 and pro-agricultural when greater than 0. NAC
values are smoothed using a Hodrick-Prescott filter.
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policy, but beginning in the mid-1980s there was a
shift toward trade liberalization as the favored policy
(Anderson & Valdés, 2009). This shift in views was accom-
panied by heavy lending from the World Bank and the
IMF, which, as in the case of Africa, were conditional on
macroeconomic reforms and trade liberalization (World
Bank, 1992; Weeks, 1995). While the agricultural sector
is important in Latin America, it was not the primary
driver of these policy reforms (Anderson & Valdés, 2009).
In the 1960s, export taxes were a popular instrument in
many countries, but that decreased over time. However,
Argentina is an important exception, where export taxes
are still used (Anderson & Valdés, 2009). Since the 1980s,
there have been a broader range of policy instruments
including import tariffs, price supports, input subsidies,
government agency monopoly on grain imports, and
direct payments to farmers (Anderson & Valdés, 2009).
The history of policies in Asia is characterized by the

typical evolution associated with industrialization that is
predicted by political economy models (Hayami & Godo,
2004). Much of Asia experienced rapid economic growth
since 1961. As the economies developed, a farm-urban
income gap arose and there was a political demand for
farm support as agriculture lost its comparative advantage
(Hayami & Godo, 2004). Classic examples are the high
price supports provided to rice in Japan and South Korea
(Honma & Hayami, 2009). The evolution in NACs in Asia
tends to be characterized as steady increases over time for
both imports and exports (panels E and F, Figure 1). Assis-
tance to imports has generally been higher in Asia than
in Sub-Saharan Africa or Latin America. Important pol-
icy instruments in Asia include export taxes, exchange rate
distortions, import licensing, import tariffs, input subsi-
dies, and price supports (Anderson &Martin, 2009; Gulati
& Pursell, 2009; Honma & Hayami, 2009).
Most of the industrial transition that led to higher

farm assistance had already occurred by 1960 in Western
Europe, North America, and Oceania. One major factor
of changes in distortions in Europe post-1960 was har-
monization of policy under the Common Agricultural
Policy (CAP). Policies in individual countries changed
over time as they joined the European Community—and
later the EU—and were required to adopt the CAP as
part of their integration. A key turning point in CAP
policies was the MacSharry reforms in 1992 that shifted
policies toward greater market orientation and reduced
distortions. These reforms were brought about partly by
Uruguay Round negotiations. Another factor in European
policies is the Lomé Agreements with former colonies.
Distortions in Western Europe and North America in the
1960s–1980s were largely in the form of a variable levy,
export subsidies, and production subsidies. During the
1990s, payments changed to decoupled payments that were

less price distorting and are not included in the NACmea-
sure. Distortions in Australia and New Zealand have also
decreased since the 1980s as the countries have adopted
more market-oriented policies (Josling, 2009).
One complication is that production controls are often

implemented in countries that support prices above mar-
ket levels to prevent the accumulation of surpluses
(Peterson, 1979). For example, acreage reduction programs
in the United States idled more than 20% of cropland
area in 1983. Japan has also implemented production con-
trols for rice and the EU incentivizes production controls
for environmental objectives. These production control
policies could bias our estimates downward because pro-
duction is not allowed to increase when the distorted
incentives increase.
The previous discussion emphasizes the major political

drivers of policy in each region. However, evenwithin each
region, Figure 1 illustrates that policies evolved over time
differently by country. Our econometricmodel exploits the
differential changes in distortions.

3 CONCEPTUAL FRAMEWORK

This section develops a stylized model of agricultural pro-
duction that provides a decomposition of how changes in
NAC affect production. The purpose of this stylized model
is to provide context for interpreting our reduced-form
econometric results. Consider aggregate production from a
representative producer. The producer seeks to maximize
profit by choosing inputs and the technique used to pro-
duce the output (see Binswanger et al. (1987) for a related
framework). The maximization problem is

max
𝑥,𝑚

𝑝𝑒𝑓(𝑥,𝑚) − 𝑤𝑥 − 𝑟𝑚, (1)

where𝑝𝑒 denotes the effective price that producers receive,
𝑓(⋅) is the production function, 𝑥 is a variable input with
price 𝑤, and 𝑚 is the technology used with price 𝑟. The
effective price that producers receive is the NAC times
themarket price, 𝑝𝑒 = 𝑁𝐴𝐶 × 𝑝. For brevity, technology is
represented by the continuous variable 𝑚 as in Acemoglu
(2002). A larger 𝑚 represents a better technology so that
𝜕𝑓∕𝜕𝑚 > 0. The price of technology 𝑟 simply represents
the idea that better technologies cost more to adopt. Note
that this cost of adoption includes economic costs such as
learning. The best available technology is denoted as𝑀, so
the producer chooses𝑚 subject to the constraint𝑚 < 𝑀.
The solution to the constrained maximization problem

for production is

𝑦∗ = 𝑓∗(𝑥∗,𝑚∗). (2)
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The supply of innovations is represented simply as 𝑀 =

𝑔(𝑝𝑒), where the technologies available to adopt depend on
the price of the output. For simplicity, we do not model
the innovation process but other studies provide a theo-
retical framework for how innovations respond to market
incentives (Acemoglu, 2002; Romer, 1990).
Production can be written as total factor productivity

(TFP) times inputs

𝑦∗ = 𝑥∗
𝑓∗(𝑥∗,𝑚∗)

𝑥∗
= 𝑥∗𝑇𝐹𝑃∗. (3)

Note that Equation (3) writes TFP as production divided by
inputs 𝑥, but not technology 𝑚. Therefore, TFP increases
as technology improves, holding constant inputs 𝑥.
The elasticity of production with respect to NAC (𝜀𝑦) is

simply the sum of the elasticity of TFP and the elasticity of
inputs,6

𝜀𝑦 = 𝜀𝑥 + 𝜀𝑇𝐹𝑃. (4)

The elasticity of TFP with respect to NAC is written as

𝜖TFP =
𝜕𝑓(⋅)

𝜕𝑚

𝜕𝑚

𝜕NAC
NAC
𝑓(⋅)

Adoption Effect

+
𝜕𝑓(⋅)

𝜕𝑚

𝜕𝑚

𝜕𝑀

𝜕𝑀

𝜕NAC
NAC
𝑓(⋅)

Innovation Effect

+𝜖𝑥
(
𝜕𝑓(⋅)

𝜕𝑥

𝑥

𝑓(⋅)
− 1

)

Input Scale Effect

. (5)

The first two terms in Equation (5) represent how NAC
impacts TFP through improved technology.7 The adoption
effect occurs because enhanced incentives cause producers
to adopt better technology among the currently available
set of technologies available. Although the decision to
adopt improved technology depends on several factors, it
has long been recognized that economic incentives play
an important role (e.g., Feder et al., 1985; Griliches, 1957).
The innovation effect occurs because enhanced incen-
tives increase innovations so that the set of technologies
available to producers increases.
The input scale effect in Equation (5) is a component

of the TFP elasticity because inputs enter the denomina-
tor of TFP. Under the assumption of constant returns to
scale (i.e., 𝜕𝑓(⋅)

𝜕𝑥

𝑥

𝑓(⋅)
= 1), the input scale effect equals zero

6 This is similar to traditional economic growth accounting. Gong (2020)
proposes a new growth accounting framework that provides a decompo-
sition of the ways that economic drivers impact agricultural productivity
growth. He studies how R&D investments and openness to trade impact
productivity using a varying coefficient stochastic frontier model, but
does not consider policy distortions.
7 Our decomposition of changes in TFP into adoption and innovation
effects is similar to the discussion by Schultz (1953) and Mundlak (2001).

and the effect of NAC on production through changes in
inputs is 𝜀𝑥. If production has decreasing returns to scale in
inputs, then the adoption and innovation effect are larger
than the TFP elasticity.

4 EMPIRICAL FRAMEWORK

4.1 Data

We use three different dependent variables in the
analysis—rate of growth in aggregate production, inputs,
and TFP. Thesemeasures are from the Economic Research
Service (ERS), USDA database on International Agricul-
tural Productivity assembled by Keith Fuglie. The ERS
data are sourced mostly from FAOSTAT but sometimes
supplemented with national statistics. The international
productivity data are available beginning in 1961. The
production series is smoothed by ERS using a Hodrick-
Prescott filter, whereas the input series is not smoothed.8
Alston (2018) cites several concerns with the interna-

tional productivity data. In particular, the international
data do not indicate a slow-down in productivity in the
United States in recent years while other productivity data
assembled by ERS and InSTePP (International Science
and Technology Practice and Policy) do indicate a recent
slow down. The alternative ERS and InSTePP productivity
measures for the United States use a more complete set
of data on inputs that are not available for the interna-
tional productivity data. Therefore, there is evidence that
measures of production, input, and TFP indices from the
international productivity data could have measurement
error. In addition, Alston and Pardey (2014) warn about
the possibility of index number biases stemming from
the use of relatively constant cost structures over time.
Since this measurement error is on the left-hand side of
our regressions, it only induces bias if it is correlated with
changes in the NAC.
A critical source of data for our article is the unique

dataset “Estimates of Distortions to Agricultural Incen-
tives, 1955-2011” from the World Bank (Anderson and
Nelgen, 2013). The agricultural distortions data include a
measure of the distortions due to a wide range of price
distorting policies including trade distortions, domestic
subsidies or taxes, distortions to exchange rates, and dis-
tortions to the price of inputs. Anderson and Nelgen
(2013) construct theNACas the relative difference between
domestic prices that producers receive in the presence
of distortions and the price that would exist under free

8 In the October 2017 update, ERS stopped using the Hodrick-Prescott
filter to smooth the output series, but we use data from prior to
this update.
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trade—under the assumption that world prices are not
affected by trade liberalization.9 A NAC less than 1 indi-
cates an anti-agricultural bias and a NAC greater than
1 indicates a pro-agricultural bias. The database reports
separate NAC measures for exportables and importables.
The agricultural distortions database covers 82 countries

for the period 1961–2011. However, the distortions data are
an unbalanced panel. Data are not available for all coun-
tries in all years, and we only have data for all variables for
63 countries. To extract the trend over time, we smooth the
NACseries using aHodrick-Prescott time-series filter sepa-
rately for each country with smoothing parameter of 677.10
The smoothed data are similar to a 10-year moving average
but do not require dropping data at the beginning and end
of the sample. Plots of the raw NACs and smoothed NACs
for each country individually are in the supplementary
appendix (Figures A1–A4).We also use data on the value of
production of exportables, importables, and non-tradables
from the World Bank Distortions database to calculate the
share of production that is exportable (𝑠𝑥

𝑖
) and importable

(𝑠𝑚
𝑖
).
Data on political institutions are obtained from the Inte-

grated Network for Societal Conflict Research (INSCR).
INSCR includes a polity score that represents a democracy
score minus an autocracy score. The polity score ranges
from −10 to 10 with a larger positive score indicating
strongly democratic and a more negative score indicating
strongly autocratic. We rescale the score to be between −1
and 1. The democracy score indicates the presence of insti-
tutions for citizens to express preferences and constraints
on the executive. The autocracy score indicates the sup-
pression of competitive political participation. Rather than
create a binary variable from the score, we include the
score as a continuous variable to represent the continuum
that often exists in political institutions.
Historical data on weather are obtained from the Cli-

mate Research Unit (CRU), University of East Anglia. The
CRU data are monthly data in a gridded format. We aggre-
gate the gridded data for each product in each country over
the area within the country classified as a growing area for
the specific product using global maps of production by
Monfreda et al. (2008). For animal products, we aggregate
weather over the growing area of grassland.We use annual
average values of precipitation and temperature averaged
across products.11 Precipitation ismeasured in average cen-

9 Anderson and Nelgen (2013) report the Nominal Rate of Assistance
(NRA) in their data that is simply NRA=NAC-1.
10 This is value of the smoothing parameter recommended by Stata in a
technical note of the reference manual.
11 Precipitation and temperature differ across commodities within a given
country and year because they are aggregated over different areas of
the country.

timeters of precipitation per month and temperature is
measured in average degrees Celsius.
Data on effective labor and effective capital are from the

Penn World Tables. Effective input use refers to an adjust-
ment for input quality. We calculate effective labor as the
number of people in the workforce times the human cap-
ital index. Effective capital is the capital stock adjusted
for Purchasing Power parity in 2011 US dollars. Data on
effective land are from the ERS international productivity
database where land area used for pasture, rainfed crop-
land, and irrigated cropland are given different weights to
reflect quality differences. Factor-abundance is calculated
as:

factor𝑖𝑡∕
∑

𝑖
factor𝑖𝑡

𝐺𝐷𝑃𝑖𝑡∕
∑

𝑖
𝐺𝐷𝑃𝑖𝑡

, (6)

where factor𝑖𝑡 is the amount of effective inputs of the par-
ticular factor and 𝐺𝐷𝑃𝑖𝑡 is the total GDP of the country. If
a country’s share of global effective labor is greater than
its share of global GDP, then a country is considered to be
abundant in labor.

4.2 Econometric model

Weestimate reduced-form econometricmodels to estimate
the elasticity of production with respect to NAC, the elas-
ticity of inputs with respect to NAC, and the elasticity of
TFP with respect to NAC. Our data on production, inputs,
and TFP are indices because agriculture is a multi-output,
multi-input production sector. Therefore, our dependent
variables are the annual rate of growth of production,
inputs, and TFP. We estimate econometric models of the
form

Δ𝑙𝑛(𝑦𝑖𝑡) = 𝛽𝑥𝑠𝑥
𝑖
𝑙𝑛(𝑁𝐴𝐶𝑥

𝑖𝑡
) + 𝛽𝑚𝑠𝑚

𝑖
𝑙𝑛(𝑁𝐴𝐶𝑚

𝑖𝑡
)

+𝐙𝑖𝑡𝜽 + 𝛼𝑖 + 𝜆𝑟𝑡 + 𝜂𝑖𝑡, (7)

where 𝑦𝑖𝑡 is either the production, input, or TFP index and
Δ𝑙𝑛(𝑦𝑖𝑡) is the growth rate of production, inputs, or TFP
for country 𝑖 in year 𝑡; 𝑙𝑛(𝑁𝐴𝐶𝑥

𝑖𝑡
) and 𝑙𝑛(𝑁𝐴𝐶𝑚

𝑖𝑡
) are the

log of the smoothed NAC for exportables and importables;
𝑠𝑥
𝑖
and 𝑠𝑚

𝑖
are the average share of the country’s agricul-

tural production that are exportables and importables; 𝐙𝑖𝑡
is a vector of other control variables; 𝛼𝑖 represents country
fixed effects; and 𝜆𝑟𝑡 represents region-year fixed effects.12

12 Region fixed effects include the following: Sub-Saharan Africa, Africa-
Developed, Latin America, Asia, Europe, North America, Oceania, and
West Asia and North Africa.
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We use the smoothed NAC because it captures the
type of variation in NAC that we want to exploit (i.e.,
long-run changes in distortions that could affect farm
investment decisions). For example, the smoothed NAC
captures whether a country is generally providing greater
support for agriculture today than it did 10 years ago. In
contrast, the raw NAC captures short-run changes in dis-
tortions that likely reflect attempts to stabilize domestic
prices and do not reflect long-run changes in policy. For
example, if the world price decreases in a country that
seeks to stabilize domestic prices, then the NAC tends to
increase but farmers will not expect that the NAC will
increase persistently based on the change in the NAC in
1 year (Anderson & Nelgen, 2012).
Anotherway to view our inclusion of the smoothedNAC

is that it is analogous to including a moving average NAC
in the model. From this perspective, our specification is
similar to including leads and lags of NAC and imposing
the same coefficient across all leads and lags for parsi-
mony. Including leads in the model is justified if farmers
have an expectation of how policy distortions are going
to change in the future. Another approach would be to
explicitly include leads and lags of NAC in the model,
but this requires estimating substantially more parameters
and we do not have sufficient power to estimate such a
model.
We include separate NAC variables for exportables and

importables because policies tend to differ substantially
between these groups of products within the same coun-
try. Our specification allows for the possibility that the
impact on production could differ between a country that
increases export NAC (e.g., less anti-ag) and decreases
import NAC (i.e., less pro-ag) versus a country that
decreases export NAC (i.e., more anti-ag) and increases
import NAC (i.e., more pro-ag) even though the impact on
overall average NAC is the same.
The NAC for exportables and importables are multi-

plied by the share of production that are exportables and
importables because increasing the NAC for exportables is
likely to have a larger impact in countries where a larger
share of agricultural products are exportable. We calcu-
late 𝑠𝑥

𝑖𝑡
as the value of production for country 𝑖 in year 𝑡

that is exportable divided by the value of production that
is exportable, importable, or non-tradable. We then cal-
culate the average share for each country over time (i.e.,
𝑇−1

∑
𝑡
𝑠𝑖𝑡). We use the average shares of exportables and

importables rather than allowing the shares to change over
time to avoid endogeneity concerns. If we allowed shares to
change over time, then a country with greater production
growth could have an increase in the share of exportables
over time.
Recall that the NAC equals the domestic price that

producers effectively receive with all policy distortions

relative to the undistorted price so that we can rewrite
𝑙𝑛(𝑁𝐴𝐶𝑥

𝑖𝑡
) = 𝑙𝑛(𝑝

𝑒,𝑥
𝑖𝑡
) − 𝑙𝑛(𝑝𝑥

𝑖𝑡
), where 𝑝𝑒,𝑥

𝑖𝑡
is the effective

price producers receive and 𝑝𝑥
𝑖𝑡
is the undistorted price for

exportables. Therefore, 𝛽𝑥 is interpreted as the change in
the annual rate of growth of 𝑦𝑖𝑡 due to a 1% increase in
the effective price for exportables if all of the production
were exportable.
In our main specification, our controls (𝐙𝑖𝑡) include the

polity score and quadratic functions of precipitation and
temperature.13 Equation (7) is estimated using the stan-
dard fixed effects ordinary least squares estimator, which
subtracts the within-country mean from each variable and
applies OLS to the within-country demeaned data. We do
not use a first-difference estimator because the change in
smoothed NAC from one year to the next would capture a
very short-run effect that is not our effect of interest. In
a later section, we show that a long-differenced estima-
tor with a 10-year difference gives similar results to the
within estimator. However, we prefer the within estimator
because it preserves all years of data. Standard errors are
clustered by country.
We assessed the time series properties of the variables

by testing whether they were stationary. Non-stationarity
would indeed generate inference problems. We ran indi-
vidual ADF tests on all series, and find that in 11% of the
cases, the null hypothesis of a unit root is not rejected at
the 10% level. This could be from the fact that for some
of the variables, we have rather short time series (even a
full sample of 50 observations is considered a small sam-
ple in time series given the typically low power of unit
root tests), as well as from multiple testing. To verify this,
we run panel unit root tests. The Levin et al. (2002) test
rejects the null hypothesis that all series are I(1), in favor
of all of them being I(0). We obtain similar results using
the Im et al. (2003) and Choi (2001) tests. Given that the
panel tests all reject the null hypothesis of non-stationarity,
our current specification using the variables in levels is
appropriate.14

4.3 Endogeneity concerns

The key challenge in estimating the impact of policy distor-
tions on production is the potential for endogeneity bias.

13 It is common for economic growth models to include the initial level
as a right-hand side variable. For example, growth in GDP per capita
regressed on the initial GDP per capita (e.g., see Johnson& Papageorgiou,
2020) or growth in agricultural value added per worker regressed on the
initial agricultural value added per worker (Gardner, 2005; Garrone et al.,
2019). However, these models are not relevant to our empirical setting
because the growth variables in our models are constructed from indices.
14We tested for stationarity of the growth rates of production, inputs, and
TFP so our specification in Equation (7) is appropriate.
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In this section we describe the key sources of endogeneity
and our empirical approach to alleviate each endogeneity
concern, though we recognize that some endogeneity bias
may remain in our estimates.
A country that has larger growth in production due

to relatively better natural endowments is likely to adopt
less distortionary policies than countries with worse nat-
ural endowments—biasing estimates downward. Country
fixed effects reduce this concern by controlling for time-
invariant differences in endowments. Similarly, in years
with small global agricultural production growth, prices
will be higher and the NAC tends to decrease as coun-
tries adjust their policies. Region-year fixed effects control
for changes in regional markets over time and allow
the political responses to those market forces to differ
by region.
However, region-year fixed effects may not fully capture

market shocks that differ between countries in a region.
Since NAC tends to decrease when production decreases
(i.e., domestic price increases), then this tends to cause
upward bias in the coefficients. We address this concern
in two ways. First, we include controls for precipitation
and temperature to account for shocks in local production
due to weather. Second, we use smoothed NAC values to
remove year-to-year variation that is due to short-run local
market shocks.
Changes in political institutions can also have an impact

on theNAC (Olper et al., 2013), and these changesmay also
affect agricultural production directly. For example, better
institutions may improve the protection of property rights
and reduce uncertainty that affects investment (Knutsen,
2011). To account for changes in institutionswe include the
polity score as a control. Ideally, we could directly include a
measure of protection of property rights in our model, but
we are not aware of any data that starts in 1961 or earlier.
As a country loses comparative advantage in agriculture

over time, it may increase assistance to protect the agricul-
tural industry. This creates a negative correlation between
production growth andNAC that biases coefficients down-
ward. We consider an alternative specification where we
account for this potential bias by including measures of
factor-abundance to account for changes in comparative
advantage over time. These controls are based loosely on
a Heckscher-Ohlin argument. Factor-abundance for the
whole economy—not just agriculture—is calculated as the
share of the country’s global input use divided by the
country’s share of global GDP.
While there is an appeal to including factor-abundance

to control for comparative advantage there is also a con-
cern that these variables may themselves be endogenous.
For example, if a country has greater production growth in
agriculture—for example, due to the Green Revolution—
then GDP increases (Gollin, 2021) and the country’s

share of global GDP increases and that affects relative
factor abundance.
Ideally, remaining endogeneity concerns about changes

in comparative advantage could be resolved using instru-
mental variables. But finding a strong instrument that
satisfies the exclusion restriction is challenging and using
poor instruments could induce more bias than our fixed
effects specification without instruments. One place to
search for an instrument is the political economy liter-
ature (Swinnen, 2010), but it is hard to find a variable
that has a large impact on agricultural distortions and no
impact on production through other channels. Many of
the factors that affect distortions could affect production
through broader macroeconomic channels. For example,
growth in GDP per capita is correlated with changes in
distortions but may also be correlated with production
through changes in capital and labor markets. Another
approach is to use lagged values of NAC as instruments
as in Magrini et al. (2017). However, lagged values of
NAC violate the exclusion restriction if there are dynamics
in the dependent variable or if there is serial correla-
tion in the unobserved comparative advantage (Bellemare
et al., 2017). The broader economics literature has stud-
ied how institutions affect GDP. For example, Acemoglu
et al. (2001) use early settler mortality as an instrument
for current institutional quality. It is unclear that these
instrumentswould be significantly correlatedwith agricul-
tural distortions and could violate the exclusion restriction
by affecting production through other mechanisms such
as property right protection. Headey et al. (2010) con-
sidered instruments for agricultural distortions, but note
that the validity of all instruments that they considered
are questionable so they only reported results without
an instrument.
One instrument that we considered is the number of

Regional Trade Agreements (RTAs) from Mario Larch’s
Regional Trade Agreements Database from Egger and
Larch (2008). The number of RTAs only gave us one instru-
ment so we had to use the overall average NAC as the
right-hand side variable rather than separate variables for
export and import NAC. However, the number of RTAs
was a weak instrument for NAC with a first-stage F-
stat of only 2.23. Given the challenge of finding a valid
instrument, we present results without any instrumental
variables.

5 RESULTS

Table 1 reports summary statistics for the key variables
in our analysis. Annual production growth averaged 2.1%
with slightly over half due to increases in TFP. There is
substantial variation in production, input, and TFP growth
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TABLE 1 Summary statistics

Mean Std. Dev. Min Max
Panel A. Dependent variables
Production growth .021 .020 −.076 .095
Input growth .009 .031 −.135 .190
TFP growth .012 .029 −.190 .154
Panel B. Distortions
NAC𝑥 .992 .461 .052 7.316
NAC𝑚 1.295 .506 .050 4.466
ln(NAC𝑥) −.075 .359 −1.698 1.576
ln(NAC𝑚) .206 .323 −1.716 1.256
s𝑥 .523 .246 .000 1.000
s𝑚 .477 .246 .000 1.000
Panel C. Controls
Polity .363 .698 −.900 1.000
Precipitation 9.247 4.998 .155 29.697
Temperature 18.065 7.391 1.478 29.278

Abbreviation: NAC, Nominal Assistance Coefficient.
Source: Authors’ regression results.

rates. On average, the NAC for exportables is close to 1
so that domestic prices are equal to the undistorted price
on average. However, there is substantial variation, with
a standard deviation of .461 and 51% of observations hav-
ing an anti-agricultural bias for exportables. The NAC for
importables is larger than for exportables, with importa-
bles receiving a 29.5% higher price than the undistorted
price. Only 17% of observations have an anti-agricultural
bias for importables.
On average, 52% of agricultural production is exportable

for the countries in our sample. On average the polity
score is greater than zero, indicatingmore democratic than
autocratic, but there is substantial variation across regions.
Tables A1– A4 in the supplementary appendix show sum-
mary statistics by region. In Sub-Saharan Africa, the
average polity score is negative. In Europe and the West,
the polity score is near 1 with less variability.

5.1 Pooled across all regions

Table 2 reports coefficients of the model that pools all
63 countries and contains country and region-year fixed
effects. The dependent variable is indicated by the col-
umn heading in the table. Recall from equation (4) that
by construction, the coefficients on production growth are
equal to the sum of the coefficients on TFP growth and on
input growth. AnOLSmodel that includes the fixed effects
explains 57% of production growth, 39% of input growth,
and 28% of TFP growth (see 𝑅2 in Table 2). The last row in
Table 2 reports the P-value for a test between fixed effects

and random effects with a null hypothesis of no differ-
ence.15 For all three dependent variables we reject the null
hypothesis, which supports our use of fixed effects.
We find a statistically significant positive impact of the

NAC for exportables on production growth. If all of a
country’s production were exportable, then a country that
increased the effective price that producers receive by 10%
through changes in distortions had an increase in produc-
tion growth by .334 percentage points. This is a large effect
considering that the average annual production growth in
the sample was 2.1% (Table 1).
A little more than half of the increase in production

growth is associated with TFP growth. A country with
a 10% increase in effective price had an increase in TFP
growth by .188 percentage points if all production was
exportable. This result provides evidence that producers
respond to incentives through using improved technol-
ogy. The effect on input growth is slightly smaller and
significant at the 10% level.
The coefficients on the import NAC are small and statis-

tically insignificant. There are two potential explanations
for this result. One explanation is that countries tend to
provide greater protection for importables to reduce com-
petition and perhaps this protection has little impact on
domestic production. A second explanation is that the
effect of changes in import NAC are biased downward
more than for export NAC due to endogeneity. As importa-
bles lose comparative advantage, governments tend to
increase protection. The results in the next sections are
more consistent with the second explanation.
The coefficients on the polity score are statistically

insignificant. However, we do not put much emphasis on
the polity score coefficient because it is included in our
model as a control and could be capturing the effect of
other correlated institutional factors. We find significant
impacts of precipitation on input growth and TFP growth
but no impact on production growth. Part of the reason
for finding little impact on production growth is that ERS
smooths production data so it removes most of the year-to-
year variation in production due to weather shocks.

5.2 By region

Next, we explore alternative ways to split the sample to
understand if results differ mostly by region or some other
aspect of the countries. Figure 2 shows regression results
when we estimate separate models for each region. When
we split the sample by region, we combine Europe, North
America, and Oceania into a single region. All of our spec-
ifications include controls for democracy, autocracy, and

15We report a robust version of the Hausman test.
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TABLE 2 Regression results with all countries

(1) (2) (3)
Production growth Input growth TFP growth

s𝑥 ln(NAC𝑥) .0334∗∗∗ .0146∗ .0188∗∗

(.0121) (.0082) (.0087)
s𝑚 ln(NAC𝑚) .0051 −.0013 .0065

(.0115) (.0090) (.0090)
Polity −.0008 −.0022 .0014

(.0024) (.0016) (.0019)
Precipitation .0001 .0038∗∗∗ −.0037∗∗∗

(.0007) (.0013) (.0012)
Precipitation2 −.0000 −.0001∗∗∗ .0001∗∗∗

(.0000) (.0000) (.0000)
Temperature −.0008 −.0043 .0035

(.0018) (.0026) (.0025)
Temperature2 .0000 .0001 −.0001

(.0001) (.0001) (.0001)
𝑁 2675 2675 2675
Country fixed effects Yes Yes Yes
Region-time fixed effects Yes Yes Yes
𝑅2 .57 .39 .28
P-value of FE versus RE <.01 <.01 <.01

Note: Standard errors in parentheses.
* P<0.10, ** P<0.05, *** P<0.01.
Abbreviation: NAC, Nominal Assistance Coefficient.

F IGURE 2 Regression results by region. Note: Each pair of points represents results from a different regression model. The dots show
the coefficient estimates for the two key variables of interest and the lines show the 95% confidence intervals. Each regression also includes
controls for democracy and autocracy, quadratic functions of precipitation and temperature, country fixed effects, and time fixed effects.
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quadratic functions of precipitation and temperature, but
for conciseness our figure only shows the coefficients for
the key variables of interests.
Increasing the NAC has large and significant impacts

in Sub-Saharan Africa for exportables (Figure 2). Coun-
tries that increased the price by 10% through a change
in policy distortions for exportables had a .439 percent-
age point increase in production growth, a .111 percentage
point increase in input growth, and a .328 percentage
point increase in the rate of TFP growth if all production
was exportable. Therefore, an improvement in incentives
in Sub-Saharan Africa is associated with an increase in
production growth primarily through an increase in TFP
rather than inputs. An increase in price through changes
in policy distortions for importables also had a significant
impact on inputs, but the effect on production growth is
statistically insignificant.
The estimated coefficients on import NAC are large for

import NAC in LatinAmerica, but the confidence intervals
are also large. The large confidence intervals arise primar-
ily because there are only eight countrieswith data in Latin
America and 333 observations. The coefficients on export
NAC in this region are close to zero.
The coefficients on NAC for Asia that are significant all

have the opposite sign as expected. This may be due to a
larger endogeneity bias in Asia where countries increased
their import assistance as the agricultural sector lost com-
parative advantage, such as the high price supports pro-
vided to rice in Japan and South Korea (Honma&Hayami,
2009). Another possible explanation for the negative coeffi-
cient is that pro-agricultural distortions in this region were
sometimes combined with production limiting policies.
In Europe, North America, and Oceania, most coun-

tries decreased their NAC over time. For importables, the
regressions show that these decreases coincided with sig-
nificant decreases in production growth (Figure 2). A little
more than half of the decrease in production came from
reduced input growth. The results also indicate substan-
tial impacts of distortions for exportables on production
growth, primarily through TFP but the standard errors are
much larger than for import NAC. The confidence inter-
vals are twice as large for export NAC as import NAC
because there is less variability in export NAC than import
NAC in this region.
In sum, we find that assistance to agriculture portends

production increases in all regions other than Asia, where
production decreases in the presence of high support.
For exportable commodities in Sub-Saharan Africa and
Europe, North America, and Oceania, these impacts align
more with changes in productivity than inputs. The esti-
mates for importables are larger than for exportables in
Latin America, and these impacts alignmore with changes
in inputs than productivity.

5.3 By income classification

Next, we divide the sample by low, middle, and high-
income countries using the GDP per capita measured
in real 2000 dollars (Figure 3). A country is defined as
low-income if GDP per capita was less than $755, middle-
income if GDP per capita was greater than $755 and less
than $9265, and high-income if GDP per capita was greater
than $9265. These thresholds were used by theWorld Bank
in 2000 to separate between low and lower-middle, and
upper-middle and upper income countries. A country may
switch income categories in our analysis as real incomes
rise over time.
Coefficients for low-income countries are similar in

magnitude to the results for Sub-Saharan Africa, though
the confidence intervals are larger for the low-income clas-
sification (compare upper-left panel of Figure 3 to upper-
left panel of Figure 2). Sub-Saharan Africa comprises 72%
of the observations for low-income countries.
None of the coefficients on NAC are statistically sig-

nificant for middle-income countries (upper-right panel
of Figure 3). Latin America is the largest region in this
income classification along with Asia and Europe. These
regions had different results in Figure 2 so the impact
of changes in NAC are mixed for the middle-income
classification.
Even though Europe and the West comprise 92% of

the observations for high-income countries, the confi-
dence intervals are smaller when examining Europe and
the West exclusively (compare bottom panel of Figure 3
to bottom-right panel of Figure 2). A key reason is that
several European countries are included in the middle-
income classification and some Asian countries are in the
high-income classification.

5.4 Alternative specifications

There are several endogeneity concerns that we high-
lighted in our discussion of the econometric model.
Figure 4 reports results from alternative specifications that
illustrate the endogeneity issues.
Excluding the fixed effects results in substantial down-

ward bias of the coefficients (Figure 4). The coefficient
on export NAC in the production growth regression is 2.6
times larger in the benchmark model that includes fixed
effects compared to when fixed effects are omitted. The
coefficient in the TFP growth regression is 1.22 times larger
when including fixed effects. The coefficients on import
NAC are the wrong sign and significant when we omit
the fixed effects. Results in Figure 4 also generally support
our discussion in the model section that expects omit-
ting country fixed effects to bias estimates downward and
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F IGURE 3 Regression results by income classification. Note: Each pair of points represents results from a different regression model.
The dots show the coefficient estimates for the two key variables of interest and the lines show the 95% confidence intervals. Each regression
also includes controls for democracy and autocracy, quadratic functions of precipitation and temperature, country fixed effects, and
region-time fixed effects.

omitting region-time fixed effects to bias estimates upward.
The largest source of bias is from omitting country fixed
effects, so omitting both sets of fixed effects gives an overall
downward bias. Omitting the country fixed effects results
in downward bias because countries that have lower pro-
duction growth tend to protect agriculture (i.e., larger
NAC) due to the lack of comparative advantage.
Using the raw NAC data rather than the smoothed NAC

introduces attenuation bias in the coefficients (Figure 4).
Coefficients are nearly half the magnitude when using
the raw rather than smoothed data. The attenuation
bias occurs because expected changes in NAC matter to
production decisions rather than the changes in NAC
from year-to-year.
Figure 5 illustrates that our results are robust to two

other potential specifications. The middle column in
Figure 5 shows results for the NAC coefficients when
we include controls for capital, labor, and land factor-
abundance. We include region-specific coefficients on the
factor-abundance controls because the political pressures
differed substantially by region. Including these controls
could help reduce bias by partialling out variation in NAC
that is the result of changes in comparative advantage
within a country over time. However, these controls could
also introduce a new source of bias because production
growth could cause a change in factor abundance.

Including the factor-abundance controls does not
substantially alter our conclusions from the main spec-
ification. The coefficient of export NAC on production
growth in Figure 5 is similar to the benchmark results.
Including the factor-abundance controls indicates a larger
proportion of this production growth was due to input
growth rather than TFP growth. The coefficients on import
NAC increase when including the factor-abundance con-
trols, but the coefficients are still statistically insignificant.
Tables A5– A8 in the supplementary appendix report

how the region-specific regressions change when factor-
abundance controls are included. The results for Sub-
Saharan Africa and Europe and the West are similar
after controlling for factor abundance (Tables A5 and
A8). The large negative coefficients on import NAC for
Asia (bottom-left panel of Figure 2) becomes smaller
and insignificant when we control for factor abundance
(Table A7), though there is still an unexpected negative
sign of export NAC on TFP growth. One explanation is that
the factor-abundance controls reduce endogeneity bias
from losses in comparative advantage, but it is also pos-
sible that the factor-abundance controls introduce a new
source of bias.16

16 Tables A5– A8 in the supplementary appendix also report the coeffi-
cients on factor abundance for each region. For countries in Sub-Saharan
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F IGURE 4 Regression results excluding fixed effects or using raw NAC rather than smoothed NAC. Note: Each column in the
figure represents results from a different regression model. The top panel shows the coefficients for export NAC and the bottom panel for
import NAC. The dots show the coefficient estimates and the lines show the 95% confidence intervals. The regression specifications are
defined as follows: “Benchmark” are the main results shown in Table 2, “Omit All FE” omits both country and region-time fixed effects,
“Omit Country FE” omits country fixed effects, “Omit Time FE” omits region-time fixed effects, and “Raw NAC” uses the raw NAC data
rather than the smoothed NAC.

F IGURE 5 Regression results for robustness checks. Note: Each column in the figure represents results from a different regression
model. The top panel shows the coefficients for export NAC and the bottom panel for import NAC. The dots show the coefficient estimates
and the lines show the 95% confidence intervals. The regression specifications are defined as follows: “Benchmark” are the main results
shown in Table 2, “Factor Abundance” includes additional controls for factor abundance, and “Long Diff” uses 10-year differenced data.
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Our main results use the within fixed effects estimator
that removes the country fixed effects by subtracting the
mean of each variable for each country. As an alternative,
we consider a long-differenced estimator that takes a
10-year difference of each variable to remove the fixed
effects. We do not take the first-difference because we do
not expect changes in the smoothed policy distortions to
impact production and TFP growth over such a short time
frame. Differencing more than 10 years is also problematic
because distortions may have changed non-monotonically
over a longer time period. For example, the difference in
the export NAC between 1961 and 1990 may be small for
several countries in Sub-Saharan Africa, but this would
miss the fact that policies became more anti-agricultural
and then less anti-agricultural during this 30-year
period.
Figure 5 reports results with 10-year differencing. The

number of observations decreases because we lose 9 years
of data for each country due to the differencing. The mag-
nitude of the coefficients on export NAC are similar, but
slightly larger for production and TFP growth using the 10-
year differenced approach. Coefficients on import NAC are
also larger, but still statistically insignificant.

6 DISCUSSION AND CONCLUSION

Cleanly identifying the causal effect of changes in pol-
icy distortions on supply and productivity is challenging
because policies may depend on supply conditions. Con-
trolling for time-invariant differences between countries
is critical to reduce bias. However, there can still be
remaining concerns that changes in comparative advan-
tage over time could simultaneously affect supply and
policies.
Our narrative of political changes in each region in

Section 2 indicates that the most plausible results are
likely to come from Sub-Saharan Africa, Latin America,
and Europe and the West. Many countries in Sub-Saharan
Africa imposed anti-agricultural policies in the 1960s and
1970s as a popular development strategy but were then
required to change these policies in the 1980s and 1990s
as a condition for loans from international agencies.17
The same conditionality stemming from structural adjust-

Africa, an increase in labor abundance is associated with a decrease in
production and input growth with an overall increase in productivity
growth. An increase in land abundance is associated with an increase
in production and input growth with an overall decrease in productiv-
ity growth. For countries in Asia, an increase in capital abundance is
associated with a decrease in production and input growth.
17While structural adjustment programs are widely viewed to have been
unsuccessful, Jayne et al. (2002) argue that the failure was at least in part
due to a lack of implementation of the needed reforms. We do not seek

ment shifted agricultural policies in Latin America at a
time when the views of favored economic policies were
changing. Countries in Europe changed their policies over
time as they were required to adopt CAP to join the EU
and global pressures led to a decoupling of payments
from production.
Our econometric model estimates how changes in dis-

tortions to agricultural incentives impacted production,
input, and TFP growth. Pooling all of the countries
together we find that countries who increased price incen-
tives for exportables had an increase in production growth,
with slightly over half of the increase due to an increase
in TFP.
There is substantial regional heterogeneity in the results.

We find that countries in Sub-Saharan Africa that reduced
their anti-agricultural policies on exportables had sig-
nificant increases in production and TFP growth. The
reduction in anti-agricultural policies for exportables was
primarily due to reduced export taxes (Anderson et al.,
2013). We also find that countries who reduced distortions
for importables in Europe and the West had decreases in
production and input growth. The confidence intervals of
the effects in Latin America are large—in part because
there are fewer observations in Latin America.
In contrast, we find that countries in Asia who increased

support for importables had a significant decrease in
production and input growth. This is likely due to endo-
geneity, where countries increased assistance as agricul-
ture lost comparative advantage during industrialization.
For example, Japan, South Korea, and Taiwan substan-
tially increased their assistance to agricultural importables
as they lost comparative advantage. Our political narra-
tive in Section 2 suggests that endogeneity bias is likely
smaller in Sub-Saharan Africa than Asia because pol-
icy changes in Sub-Saharan Africa were driven in part
by external forces like the World Bank and IMF. How-
ever, we cannot rule out the possibility that results in
Sub-Saharan Africa are also biased downward due to
remaining endogeneity.
Beyondpotential remaining endogeneity, there are other

limitations of our analysis that are worth noting. First,
we do not directly account for potential cross-country
spillovers of policies—policies in one country could affect
production in another country. To the extent that a single
country is a small portion of global production and the poli-
cies of all other countries matter, then region-time fixed
effects control for these spillover effects. It is more difficult
to control for spillovers if only policies among certain trad-
ing partners are relevant because it is difficult to identify
the relevant trading partners for every country. Second, our

to provide an assessment of the effectiveness of structural adjustment
programs in this article.
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analysis does not disentangle the heterogeneous impacts
of different policy instruments. The NAC combines pol-
icy instruments by their impact on the effective domestic
price, but there may be other ways that instruments have
different impacts. Third, our results are not intended to
imply that price distortions are the only policies that mat-
ter and we do not account for the potential interactions of
a wide array of policies that matter in specific countries
(Fan, 2017). Lastly, our analysis is at the aggregate agri-
cultural level and future work could attempt to estimate
commodity-specific impacts.
Despite these limitations, our results broadly provide

evidence to support the Schultz (1978, 1980) argument that
anti-agricultural policies reduce productivity. Countries
in Sub-Saharan Africa that increased the effective price
by 10% from less negative policy distortions for exporta-
bles had an increase in the rate of production growth by
.439 percentage points if all production were exportable,
where the historical average growth rate was 2.8%. Most of
the increased production growth was associated with an
increase in TFP growth of .328 percentage points, which is
especially large compared to the average historical growth
rate of only .5% for this region. As an example, Uganda
increased its price incentives for agricultural exportables
by roughly 60% from 1980 to 2000 and 76% of produc-
tion is exportable. Our estimates indicate that this increase
in price incentive led to an increase in the annual rate
of production growth by 2.0 percentage points and the
rate of productivity growth by 1.5 percentage points. The
result of a significant impact on TFP provides evidence
that increased incentives can induce adoption of improved
technologies and the innovation of new technologies.
We also find evidence that support for importables led

to increased production growth in Europe and the West,
with slightly more than half of the increase due to input
growth. This indicates that protectionism in Europe and
the West has increased production growth that leads to
lower world prices and even further depressed incentives
in other regions resulting in lower agricultural productiv-
ity among some of the poorest in the world. While Europe
and the West have decreased their protectionism since the
mid-1990s, the concern now shifts to rising protectionism
in Asia.
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