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Abstract
Starting with Tinbergen (1962, Shaping the world econ-
omy: Suggestions for an international economic policy, 
The Twentieth Century Fund), quantifying the effects 
of regional trade agreements (RTAs) on international 
trade flows has always been among the most popular 
topics in the trade literature. Also not surprisingly, to es-
timate the effects of RTAs, most researchers and policy 
analysts have relied on the workhorse model of trade—
the gravity equation. Over the past 60 years, there have 
been many important developments in the RTA litera-
ture, both in terms of better methods to quantify their 
effects, and in terms of more and higher quality data. 
The objective of this paper is to trace the evolution of the 
methods and data developments in the RTA literature, 
from Tinbergen's very first exploration until today, and 
to critically evaluate their significance for our ability to 
measure the impact of RTAs (and other policies) on in-
ternational trade.
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1  |   INTRODUCTION

Over the past 60 years, the world economy witnessed a remarkable proliferation of trade agree-
ments, accompanied by a matching and equally remarkable increase in international trade flows. 
Figure 1 captures these patterns very clearly by plotting the evolution of regional trade agree-
ments (RTAs) over the past 40 years (1980–2019) as well as the corresponding increase in total 
manufacturing trade between 1980 and 2016 for the 89 countries used in our main analysis. The 
correlation between the two variables in Figure  1 is strong (0.96) and obvious. Nevertheless, 
many have questioned the effectiveness of RTAs in promoting international trade; at its extreme, 
some have even doubted the causal links between RTAs and trade flows altogether. What are the 
channels through which RTAs promote trade? How to design more efficient and effective trade 
agreements? How to estimate the partial effects of trade agreements? How to account for the po-
tential endogeneity of trade agreements in our econometric analysis? How to quantify their gen-
eral equilibrium effects? This is only a small set of questions related to RTAs that have attracted 
significant attention among academic and policy analysts alike.

Against this backdrop, and perhaps not surprisingly, trade agreements, their design, their 
implementation, and quantifying their impact on trade flows are among the most popular 

F I G U R E  1   The evolution of regional trade agreements (RTAs) and manufacturing trade. This figure plots 
the evolution of RTAs between 1980 and 2019 on the left Y-axis, and the evolution of aggregate manufacturing 
trade flows between 1980 and 2016 on the right Y-axis. The data on RTAs come from Egger and Larch (2008) 
and the trade data come from Larch et al. (2019). See Section 2 for further details on the data. [Colour figure can 
be viewed at wileyonlinelibrary.com]

1980 1990 2000 2010 2020
year

Number of RTAs Total Trade (in trillions)
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topics in the international trade literature.1 It is also a fact that the trade gravity equation, whose 
60th anniversary we marked in 2022,2 is the workhorse model for analysing both the partial and 
the general equilibrium effects of RTAs. Since Tinbergen's first exploration of the effects of 
trade agreements in 1962, there have been many significant developments in the gravity and 
RTA literature, both in terms of better methods to quantify their effects, and in terms of more 
and higher quality data.

Stimulated by the 60th gravity anniversary and the significant interest in quantifying the 
effects of RTAs, the objectives of this paper are to trace the evolution of the methods and data 
developments in the gravity and RTA literature, from Tinbergen's very first exploration until 
today, and to critically evaluate their significance for our ability to measure the impact of 
RTAs (and other policies) on international trade. We pursue these goals in two broad steps. 
First, in Section 2, we use the same dataset to explore the impact of various methods that have 
been used to estimate the effects of RTAs.3 Then, in Section  3, we rely on an econometric 
model, which accounts for all major developments in the literature, to study the heteroge-
neous effects of RTAs.

To develop the analysis in Section 2, we follow the evolution over time of the methods used 
to estimate the effects of RTAs. Specifically, we start with a naive gravity specification, which, in 
the spirit of Tinbergen (1962), ‘borrows’ gravity directly from physics and only includes a limited 
number of covariates that proxy for distance and economic mass. Then, we gradually introduce 
what we believe were the major developments in the related literature, including additional con-
trol variables, controlling for multilateral resistance (MR) terms, using pair fixed effects, estimat-
ing gravity with the Poisson pseudo maximum likelihood (PPML) estimator, using domestic sales 
in addition to international trade flows, accounting for globalisation effects, relying on alterna-
tive clustering for standard errors, correcting for potential incidental parameter problem (IPP), 
and using consecutive-year data (as opposed to interval or averaged trade data).

Our main findings are summarised in Figure 2 and, based on this, we draw four main con-
clusions. First, there have been many important methodological contributions that should be 
considered when estimating the effects of RTAs with the gravity model. Second, some of the de-
velopments we review and implement have had a significant impact on the RTA estimates, while 
others have not so much. However, third, even if some of our RTA results are not very sensitive 
to alternative specifications, we show that the same methods could be very important for estimat-
ing the effects of other gravity covariates and for quantifying heterogeneous RTA effects across 
various dimensions. Finally, the most recent methodological contributions focused on standard 
errors and therefore led to relatively minor changes/improvements in the RTA point estimates. 
While we find this conclusion to be intuitive and encouraging, we also believe there are signif-
icant opportunities for further improvements and contributions, some of which we highlight 
when presenting the heterogeneous effects of RTAs.

 1A google scholar search on ‘trade agreements’ that we performed on 11 December 2022, delivered 3,750,000 results. 
For comparison, a search on ‘economic sanctions’ yielded 1,560,000 results, and a search on ‘covid pandemic’ returned 
1,610,000. Moreover, after completing this paper, we estimated that the most relevant papers that we cite amount to 
about 60,000 citations.
 2Ravenstein (1885) is the first to apply the gravity equation to economics (migration flows). However, Tinbergen (1962) 
is the first to apply gravity to international trade flows. Hence, the 60th gravity anniversary in 2022.
 3To highlight the importance of methods, we rely on a single dataset, which covers total manufacturing for 89 countries 
(accounting for 95% of world trade) during the period 1980–2016.
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We study the heterogeneous effects of RTAs in Section 3. We rely on a benchmark econo-
metric model that incorporates all major developments we reviewed, and we utilise some 
new datasets and allow for RTA heterogeneity across various dimensions. This analysis re-
veals significant heterogeneity in the evolution of RTA estimates over time, across sectors, 
across individual agreements, depending on the type and depth of the RTAs, across country 
pairs within a multilateral trade agreement, and even within pairs depending on the direc-
tion of trade flows.

The wide heterogeneity of RTA effects we obtain has several important implications. First, 
average RTA estimates may hide significant heterogeneity across various dimensions. Second, 
researchers should keep this caveat in mind when RTA estimates are used for counterfactual 
analysis. Third, even though most of the RTA estimates that we obtain are positive (and many of 
them statistically significant too), we also obtain many negative and statistically significant esti-
mates. From a methodological (and data) perspective, this implies researchers should be careful 
and ensure that such estimates are sound.

Finally, from a broader perspective, an important implication of our analysis in Section 3 
is that the econometric gravity model can be used to obtain not only aggregate but also very 
disaggregated (e.g., case study) RTA estimates. In combination with the solid theoretical 
foundations of the gravity model of trade and the fact that the gravity system can be seen as 

F I G U R E  2   Sixty years of regional trade agreement (RTA) estimates with the gravity model of trade. This 
figure plots the estimates of the effects of RTAs, along with the corresponding confidence intervals, that we 
obtain in Section 2 and report in Table 1. The X-axis of the figure lists the alternative specifications that we use, 
which follow the evolution of the gravity methods from the 1962 specification of ‘Tinbergen’ to the structural 
gravity specification with ‘Consecutive Years’ of Egger et al. (2022). We refer the reader to Table 1 and to the 
discussion in the main text for further details. [Colour figure can be viewed at wileyonlinelibrary.com]
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a computable general equilibrium (CGE) model that can be nested in more complex produc-
tion models, this implies that gravity estimates can be used to quantify both the partial and 
GE effects of RTAs.

The rest of the paper is organised as follows. Section 2 uses the same data to trace the evolu-
tion of the methods to estimate the effects of RTAs. Section 3 uses our most preferred economet-
ric model from Section 2 and relies on alternative datasets to study the heterogeneous effects of 
RTAs across various dimensions. Finally, Section 4 summarises our main findings and points to 
directions for future research.

2  |   ESTIMATING THE EFFECTS OF RTAS

This section traces the evolution of the methodological developments in the gravity literature and 
discusses their implications for estimating the effects of RTAs.4 For consistency, throughout the 
analysis we rely on the same dataset. Specifically, we use the aggregate manufacturing dataset from 
Larch et al. (2019), which has several advantages for our purposes. First, it covers a long period of 
time (1980–2016), which, as demonstrated in the introduction, coincides with the remarkable 
growth in the formation of RTAs. Second, it covers many countries and, therefore, most trade and 
RTAs in the world.5 Third, it includes consistently constructed domestic and international trade. In 
addition to trade data, we use the RTA dataset of Egger and Larch (2008) for information on trade 
agreements.6 Finally, we rely on the Dynamic Gravity Dataset of Gurevich and Herman (2018) for 
the other gravity controls (e.g., distance, colonial ties, etc.) in our analysis.

We start with a simple and naive gravity specification that corresponds to Tinbergen (1962), 
who ‘borrowed’ the gravity equation from physics to describe bilateral trade flows as a function 
of economic masses and trade frictions:

Here, ln_Xij,t is the logarithm of exports from source/exporter i to destination/importer j at 
time t. Consistent with most of the gravity literature, bilateral trade is measured at the yearly 
level and we use 5-year interval data (Baier & Bergstrand, 2007; Cheng & Wall, 2005; Olivero 
& Yotov, 2012). RTAij,t is an indicator variable for the presence of an RTA between countries 
i and j at time t. This variable will be the focus of our analysis. ln_DISTij, which is measured 
as the logarithm of the population-weighted bilateral distance between i and j, is the most 
widely used and robust proxy for trade costs (Disdier & Head, 2008). Finally, ln_GDPi,t and 
ln_GDPj,t are the gross domestic products of the exporter and the importer, which proxy for 
country size.

 4Following most of the existing literature, we focus on the average effect of RTAs in this section. In the next section, we 
estimate the heterogeneous effects of trade agreements across various dimensions, including by type of RTA (e.g., free 
trade agreements [FTAs] vs. customs unions [CUs], etc.).
 5The original dataset of Larch et al. (2019) covers 229 countries. For the analysis in this paper, we limited the number of 
countries to 89, covering more than 95% of manufacturing trade in the world. Our main results and conclusions are 
robust to include all 229 countries from the original dataset.
 6Two other popular trade agreement datasets are the NSF-Kellogg Institute Database on Economic Integration 
Agreements, developed Baier and Bergstrand (2021) and the World Bank Deep Trade Agreement database, developed 
by Mattoo et al. (2020). We rely on the latter database in the next section, where we offer estimates of the effects of 
RTAs depending on their depth.

(1)ln_Xij,t = �1 RTAij,t + �2 ln_DISTij + �3 ln_GDPi,t + �4 ln_GDPj,t + �ij,t .
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1778  |      LARCH and YOTOV

The estimates of Equation (1) appear in column (1) of Table 1. In addition, Figure 2 traces 
the evolution of all RTA estimates that we obtain from alternative specifications. Overall, and 
despite using different data, our results are comparable to Tinbergen's. Most important for our 
purposes, we obtain a positive and statistically significant estimate of the effects of RTAs, 
which implies that all else equal, an RTA between two countries in our sample leads to an 
increase in trade of 39.7% (std.err. 3.44).7 Consistent with the voluminous gravity literature, 
we obtain a large, negative, and statistically significant estimate of the impact of distance on 
international trade (−1.257, std.err. 0.013). The positive estimates on ln_GDPi,t and ln_GDPj,t 
reveal that, as expected, country size is a significant determinant of trade. Finally, we obtain 
an R2 of  .57, which is a bit lower than Tingergen's (R2 = .7) but, nevertheless, revealing the 
great predictive power of the gravity equation, even when it just includes four intuitive 
covariates.

Due to its intuitive appeal and remarkable predictive power, the naive gravity equation of 
Tinbergen (1962) quickly gained popularity. Given the purposes of this paper, we select a few 
variables commonly included in gravity regressions and, just like hundreds of early gravity pa-
pers, we add them as covariates to the previous specification, which becomes8:

where we have split the new covariates into two groups. CLNYij, CNTGij, and LANGij are time-
invariant dummy variables for the presence of colonial ties, contiguous borders, and common of-
ficial language, respectively. Together with the logarithm of the bilateral distance, these variables 
comprise the group of ‘standard gravity covariates’.

In addition, we have added a time-varying indicator variable for membership in the GATT and 
WTO (WTOij,t). The motivation is twofold. First, it is a widely used policy variable in the gravity 
model.9 Second, given the objective of GATT and WTO to promote trade and trade liberalisation 
between member countries, we expect that omitting this may lead to biased RTA estimates.

We estimate Equation (2) in two steps. First, we only include the time-invariant control vari-
ables. Then, we introduce the WTO dummy. Our findings are reported in columns (2) and (3) of 
Table 1, respectively. The estimates in column (3) reveal that sharing a common language, com-
mon borders, and colonial ties are all catalysts for bilateral trade. Second, and more important for 
our purposes, we see that the estimate on RTA is just a bit smaller than the estimate in column 
(1). Pushing inference to the limit, this suggests a positive correlation between RTAs and the new 
covariates. This is intuitive, i.e., countries that already have close economic ties (e.g., due to com-
mon language, borders, and colonial ties) are more likely to sign trade agreements.

The results in column (3) of Table 1 are obtained after controlling for GATT/WTO member-
ship. The estimate on WTOij,t is positive and statistically significant, as expected. Importantly, 
the introduction of the indicator for GATT/WTO membership has a very significant impact on 
the RTA estimate, which is more than twice smaller in magnitude. This change is expected, and 
the intuition is that our RTA variable has captured effects that should be attributed to the GATT 
or WTO. The broader implication for estimating RTA effects with the gravity model is that the 

 7Obtained as (exp (β1) − 1) × 100 = (exp (0.334) − 1) × 100, where standard errors are obtained with the Delta method.
 8We recognise that we are abusing notation by not changing the notation for ϵij,t. However, for simplicity, we will just 
use the same notation for the error term throughout the analysis.

(2)
ln_Xij,t = �1 RTAij,t+�2 ln_DISTij+�3 ln_GDPi,t+�4 ln_GDPj,t+�5 CLNYij+

�6 CNTGij+�7 LANGij+�8 WTOij,t+�ij,t ,

 9See Campos et al. (2022) for a recent survey and meta-analysis of the effects of GATT and WTO.
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      |  1779LARCH and YOTOV

omission of other trade liberalisation (or protection) policy variables may lead to significant bi-
ases in the estimates of the RTA effects.

One of the major theoretical developments in the gravity literature is the introduction of 
the MR terms by Anderson and van Wincoop (2003). Intuitively, the MRs capture the fact that 
trade between two countries depends not only on their sizes and the bilateral trade costs be-
tween them but also on how remote (geographically and economically) these countries are 
from the rest of the world.10 To underscore the importance of the MRs Baldwin and 
Taglioni (2006) dub the omission to control for them ‘the gold medal mistake’ in gravity esti-
mations. To account for MRs, we introduce two additional terms to our estimating equation, 
which becomes:

where OMRi,t denotes the ‘outward multilateral resistance’, which falls on the producers in ex-
porter i, and IMRj,t denotes the ‘inward multilateral resistance’, which falls on the consumers in 
importer j.11

We use three methods to account for MRs.12 First, we proxy for them with the so-called ‘re-
moteness indexes’ (Wei, 1996) constructed as GDP-weighted distances. The results from column 
(4) of Table 1 reveal that the RTA estimate has changed very little. Moreover, we see that the es-
timates on the MR terms have opposing signs. A possible explanation is that the GDP-weighted 
‘remoteness indexes’ have (at least) three deficiencies relative to the structural MR terms: they do 
not take into account all bilateral trade costs but only distance; they do not account for aggregate 
trade imbalances; and they do not reflect the inverse structural relationship between the inward 
and the outward resistances.

The estimates in column (5) of Table 1 are obtained with MR indexes that, once again, use 
only distance as a proxy for bilateral trade costs, however, instead of GDP weights, we use val-
ues for gross output and gross expenditures: these are theory-consistent size variables from the 
structural gravity system (Arkolakis et al., 2012) and the use of output and expenditure weights 
reflects the presence of trade imbalances, which, as recently demonstrated by Felbermayr and 
Yotov (2021), is a necessary condition for the empirical performance of the gravity model. The 
RTA estimate in column (5) is significantly larger in percentage terms.

As initially advocated by Hummels (2001) and popularised by Feenstra (2004) and Redding 
and Venables (2004), the most common practice to control for MRs is with exporter and importer 
fixed effects. Baldwin and Taglioni (2006) emphasise that, as a function of time-varying bilateral 
trade costs, MRs are also time-varying, which implies that the proper set of fixed effects in panel 
gravity regressions should be of dimension exporter-time and importer-time.13 Applied to our 

 10Yotov et al. (2016) summarise several attractive features of the structural multilateral resistance terms.

(3)
ln_Xij,t = �1 RTAij,t+�2 ln_DISTij+�3 ln_GDPi,t+�4 ln_GDPj,t+�5 CLNYij+

�6 CNTGij+�7 LANGij+�8 WTOij,t+�9 ln_OMRi,t+�10 ln_IMRj,t+�ij,t ,

 11An alternative structural interpretation of the inward multilateral resistance is as an ideal consumer price index 
(Anderson & Yotov, 2010). Redding and Venables (2004) interpret the MR terms as ‘supply access’ and ‘market access’ 
indexes.
 12Baier and Bergstrand (2009) propose a fourth approach, Bonus Vetus OLS (BvOLS), which uses a first-order log-linear 
Taylor-series expansion of the MR terms. We refer the reader to Egger and Pfaffermayr (2022) for a recent discussion 
and implementation of BvOLS with fixed effects, as we do in later specifications.
 13Olivero and Yotov (2012) offer additional motivation for the treatment of the MRs and the use of exporter-time and 
importer-time fixed effects in panel gravity settings.
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1780  |      LARCH and YOTOV

model, the exporter-time and importer-time fixed effects (ϕi,t and ψj,t, respectively) would absorb 
not only the MRs but the size control variables too:

Comparison between the estimates from specification (4), which appear in column (6) of 
Table 1, and the corresponding results from column (5) reveals a significant drop (in percentage 
terms) in the RTA estimate. Moreover, we also see very large changes in the estimates of some 
of the other covariates. For example, consistent with the main result from Anderson and van 
Wincoop (2003) regarding the impact of the border between Canada and the United States, we 
find that once we account fully for the MR terms, the estimate of the effects of contiguous bor-
ders decreases in half. Another notable change is that the WTO estimate in column (6) is about 
three times smaller than the corresponding index from column (5).

Endogeneity has been a major obstacle in gravity models. While the sources of the problem 
are very clear, e.g., reverse causality and/or omitted factors that simultaneously affect trade and 
the probability to sign RTAs, the profession has struggled to address this issue using standard 
techniques (e.g., instrumental variable (IV) treatment) due to the fact that very often what de-
termines the probability to sign a trade agreement also affects the volume of trade flows (Egger 
et al., 2008; Egger et al., 2011; Helpman et al., 2008; Jochmans & Verardi, 2022). Some authors 
have proposed matching-type approaches (e.g., Baier & Bergstrand,  2009; Egger et  al.,  2008; 
Egger & Tarlea, 2020).

Due to its intuitive appeal and easy implementation, the leading method to handle endogene-
ity of RTAs is due to Baier and Bergstrand (2007), who, consistent with the approach to control 
unobserved time-invariant heterogeneity with panel data by Wooldridge (2010), propose the use 
of pair fixed effects (γij), which will control for most of the unobserved correlation between the 
endogenous RTAs and the error term in gravity models.14 Applied to our setting, this leads to the 
following econometric specification:

As demonstrated by Egger and Nigai (2015) and Agnosteva et al. (2019), the ‘standard grav-
ity variables’ (e.g., distance, contiguity, etc.) do well in predicting relative trade costs, how-
ever, they fail to capture the level of bilateral trade costs (e.g., they under-predict the bilateral 
trade costs for the poor countries and over-predict them for the more developed countries). 
Thus, an additional benefit of the use of pair fixed effects is that they will match the bilateral 
trade costs much better. Consistent with the results from Baier and Bergstrand  (2007), the 
estimates in column (7) of Table 1 reveal that the RTA estimate is larger. Another interesting 
result, which is also consistent with some prominent findings from the existing literature (e.g. 
Rose, 2004) is that the estimate of the impact of WTO becomes negligible in magnitude and 
not statistically significant.

In addition to mitigating endogeneity concerns, another possible source for the differences 
between the estimates with and without the pair fixed effects, is that the latter will fully absorb 

(4)ln_Xij,t = �1 RTAij,t + �2 ln_DISTij + �3 CLNYij + �4 CNTGij + �5 WTOij,t + �i,t + � j,t + �ij,t .

 14Egger (2002) is an early contribution that advocated the use of panel data for gravity estimation and the inclusion of 
pair fixed effects. Concerned with time-invariant regressors and the feasibility to explore trade potentials in- and 
out-of-sample, he compares estimates from fixed effects, between, random effects, and Hausman and Taylor (1981) 
models, the latter two also allowing for first-order autocorrelation.

(5)ln_Xij,t = �1 RTAij,t + �2 WTOij,t + �i,t + � j,t + � ij + �ij,t .
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      |  1781LARCH and YOTOV

and control for the effects of all regional trade agreements that entered into force prior to the pe-
riod of investigation (except for, possibly, some phasing-in effects). Thus, the RTA estimates we 
obtain in the presence of pair fixed effects in column (7) of Table 1 are identified by agreements 
that entered into force during the period of investigation.

Our next specification follows Baier et al.  (2019), who advocate the use of directional pair 
fixed effects (���⃗𝛾 ij) in part because bilateral trade costs may be asymmetric. For example, even if 
the distance between two countries is perfectly symmetric, the cost of transporting a good from 
one to the other and vice versa may be asymmetric and the effects of some trade policies could 
be asymmetric, which, for consistency, implies modelling asymmetric time-invariant trade costs. 
With this adjustment, our econometric model becomes:

Comparison between the estimates from specification (6), which appears in column (8) of 
Table 1, and the corresponding results from column (7) reveals they are virtually identical. Thus, 
it seems there is no gain from allowing for asymmetric time-invariant trade costs. However, we 
still recommend the use of directional pair fixed effects. As we will demonstrate in the next sec-
tion, this matters a lot for obtaining directional estimates of the effects of trade agreements (e.g., 
the impact of CETA on Canada's exports to Germany vs. the impact of CETA on Germany's ex-
ports to Canada). Moreover, the current state of technology (e.g., Correia,  2016; Correia 
et al., 2020) is such that the introduction of fixed effects in gravity models has minimal impact on 
convergence and computational time.15

One important empirical contributios to the literature is the introduction of the PPML estima-
tor by Santos Silva and Tenreyro (2006). Due to its ability to handle heteroskedasticity in the trade 
data, which renders OLS estimates inconsistent, and to estimate gravity in multiplicative form, 
which does not lead to dropping the zero trade flows from gravity estimations, PPML established 
itself as the leading gravity estimator (Santos Silva & Tenreyro, 2022).16 Accordingly, our next 
specification employs PPML to become:

The main result from column (9) of Table 1 is that the PPML estimate of the effects of 
RTAs is significantly smaller than its OLS counterpart from column (8). Consistent with the 
main argument from Santos Silva and Tenreyro (2006), this suggests the OLS estimates may 
indeed be biased. We further investigate the source of the bias observed. Specifically, given 
the relatively small number of zeroes in our sample (about 2%), we do not expect the dif-
ference between the OLS and the PPML estimates is driven by the zeroes. Nevertheless, we 
obtained PPML estimates based only on positive trade flows. As expected, the resulting RTA 
estimate (0.1385, std.err. 0.0228) is virtually identical to the estimate from column (9) (0.1384, 
std.err. 0.0228). Hence, as demonstrated in Larch et  al.  (2018) and discussed in Head and 
Mayer (2014), PPML and OLS weight observations differently. Specifically, PPML gives more 
weight to larger trade flow observations.

(6)ln_Xij,t = 𝛽1 RTAij,t + 𝛽2 WTOij,t + 𝜙i,t + 𝜓 j,t + ���⃗𝛾 ij + 𝜖ij,t .

 15Following Bergstrand et al. (2015), we also experimented by interacting the pair fixed effects in our model with linear 
time trends. This had no significant impact on our results.
 16Head and Mayer (2014) advocate the use of the Gamma PML estimator. However, unlike PPML, GPML is subject to 
the incidental parameter problem (IPP). We offer further discussion on this front below.

(7)Xij,t = exp
[

𝛽1 RTAij,t + 𝛽2 WTOij,t + 𝜙i,t + 𝜓 j,t + ���⃗𝛾 ij
]

+ 𝜖ij,t .
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1782  |      LARCH and YOTOV

Even though all theoretical gravity models (e.g., Anderson,  1979; Anderson & van 
Wincoop, 2003; Arkolakis et al., 2012; Eaton & Kortum, 2002) and corresponding CGE analysis 
include domestic trade flows, the benefits of using theory-consistent domestic trade flows in 
estimating gravity models were recognised only more recently. For example, Yotov (2012) uses 
domestic trade flows in a gravity estimation to resolve the distance puzzle in trade while Dai 
et al. (2014) is the first structural gravity model that estimates the effects of RTAs with domestic, 
in addition to international, trade flows. Some of the benefits of using domestic trade flows for 
gravity estimations include the ability to estimate the effects of non-discriminatory trade policies 
(Heid et al., 2021) and country-specific trade policies (Beverelli et al., 2018). Yotov (2022) de-
scribes 11 benefits of using domestic trade flows in gravity regressions.

Introducing domestic trade flows does not lead to significant changes in the presentation of 
our econometric model. The only difference is that the dependent variable now includes domes-
tic trade and we have assigned zeros to the corresponding observations in the RTA and WTO 
covariates. The set of fixed effects is identical, with the set of pair fixed effects now also including 
time-invariant fixed effects for domestic trade (γii). To capture these differences explicitly, we add 
the notation ‘∀i,j’ to our estimating model:

The estimates in column (10) of Table 1 are substantially different from those in column (9). 
Consistent with the results from Dai et al. (2014), the estimate of the effects of RTAs is four times 
larger. The intuition for this is that the new specification explicitly allows for diversion from 
domestic trade flows. The large increase in the RTA estimate implies RTAs divert significant 
amounts of trade from domestic toward international sales. Another important result from col-
umn (10) is that the effect of GATT/WTO membership becomes positive, large, and statistically 
significant. This is consistent with Larch et al. (2019), who demonstrate that the ‘puzzle of miss-
ing WTO effects’ is resolved once gravity is estimated with (theory-consistent) domestic trade 
flows.

Bergstrand et al.  (2015) argue that the estimates of RTAs may capture common globali-
sation trends and, therefore, be biased upward. To address this, they propose an adjustment 
to the gravity equation from the previous specification, which explicitly accounts for glo-
balisation effects. Following Bergstrand et  al.  (2015), the simple modification we make to 
Equation (8) is that, in addition to domestic trade flows in the dependent variable, we intro-
duce as covariates a series of time-varying border variables, 

∑

tBRDRij,t, which take a value 
of one for international trade and zero for internal trade for each year in our sample. Our 
estimating model becomes:

Before we discuss our findings, we note that, due to perfect collinearity with the pair fixed 
effects, we cannot estimate the coefficients of all border variables and need to drop one. We select 
the border variable for 1980, which is the first year in our sample.

Estimates from the specification with the globalisation effects appear in column (11) of 
Table 1. The estimates of the globalisation/border dummy variables are positive and increasing 

(8)Xij,t = exp
[

𝛽1 RTAij,t + 𝛽2 WTOij,t + 𝜙i,t + 𝜓 j,t + ���⃗𝛾 ij
]

+ 𝜖ij,t ,∀i,j.

(9)Xij,t = exp

[

𝛽1 RTAij,t + 𝛽2 WTOij,t +
∑

t

𝛽t BRDRij,t + ���⃗𝛾 ij

]

+ 𝜖ij,t ,∀i,j.
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over time.17 Keeping in mind that these estimates are relative to the border effect in 1980, the 
results reveal that the gravity equation captures the effects of globalisation quite well, which is 
consistent with Bergstrand et al. (2015) but in contrast to Bhavnani et al. (2002), who argue that 
gravity models cannot capture the effects of globalisation and dub this ‘the missing globalisation 
puzzle’. Another result is that the estimate of the effects of RTAs is significantly smaller. This is 
consistent with the main argument from Bergstrand et al. (2015) that the RTA effects from col-
umn (10) have indeed captured some common globalisation effects.

Motivated by Egger and Tarlea (2015), Pfaffermayr (2019), and Pfaffermayr (2022), who demon-
strate that multi-level clustering makes a big difference, the next two specifications allow for dif-
ferent degrees of correlations among observations. The gravity model that we estimate is identical 
to specification (9), and the only difference is that in column (12) we cluster the standard errors by 
country pair (i.e., Cov[ϵij,t,ϵij,d] ≠ 0, for all t, d, and zero else), while the results in column (13) are ob-
tained with 3-way clustering (by exporter, importer, and year, i.e., Cov[ϵij,t,ϵil,d] ≠ 0, Cov[ϵij,t,ϵkj,d] ≠ 0, 
Cov[ϵij,t,ϵkl,t] ≠ 0, and zero else). As expected, alternative ways of clustering do not affect our point es-
timates. However, we see that the standard errors increase when we cluster by pair, and they further 
increase when we cluster three-way. Thus, our results suggest intra-cluster correlations. Importantly, 
the RTA effects remain statistically significant. Consistent with most of the existing gravity literature, 
for the rest of the analysis, we will cluster the standard errors by pair.

The IPP could be an issue for gravity estimations with multi-way fixed effects. Fernández-Val and 
Weidner (2016) demonstrate that IPP is not an issue for gravity models with two-way fixed effects 
(i.e., the exporter-time and importer-time fixed effects that are used to control for the MRs). However, 
Weidner and Zylkin (2021) show that, while still consistent, IPP leads to an asymptotic bias that af-
fects the validity of inferences in PPML specifications with three-way fixed effects, e.g., such as ours, 
and propose an adjustment based on Taylor expansions to correct for such biases.18 We follow the 
procedure of Weidner and Zylkin (2021) in column (14) of Table 1, where we see that the standard 
error is between the corresponding estimates with the pair vs. 3-way clustering.

Consistent with the critique of Cheng and Wall (2005, p. 52, fn. 8) that ‘[f]ixed-effects estima-
tion is sometimes criticised when applied to data pooled over consecutive years on the grounds 
that dependent and independent variables cannot fully adjust in a single year's time’, many grav-
ity papers in the existing literature use interval data instead of data for consecutive years. For 
example, Baier and Bergstrand  (2007) use five-year intervals, while Olivero and Yotov  (2012) 
experiment with 3-, 4- and 5-year intervals. Recently, Egger et al. (2022) question this practice on 
the basis that its implementation requires dropping a lot of data (e.g., using 5-year intervals may 
lead to dropping up to 80% of the raw data) and that the selection of the intervals is somewhat 
random. Instead, Egger et al. (2022) argue that gravity estimations with 3-way fixed effects should 
rely on data for consecutive years. This eliminates the need to randomly drop data and allows for 
better capturing of the evolution of RTA effects over time. To capture these differences explicitly, 
we add the notation ‘∀i,j,t’ to our estimating model:

 17For brevity, we decided not to report the border estimates in a table or a figure. Instead, we list them here. The seven 
estimates that we obtain (from 1985 to 2015, respectively) are 0.177 (std.err. 0.045), 0.415 (std.err. 0.043), 0.614 (std.err. 
0.038), 0.962 (std.err. 0.038), 1.022 (std.err. 0.036), 1.106 (std.err. 0.036), and 1.177 (std.err. 0.041).
 18Jochmans (2017) uses a quasi-differencing approach and Pfaffermayr (2021) implements jackknife and bootstrap 
confidence interval methods.

(10)Xij,t = exp

[

𝛽1 RTAij,t + 𝛽2 WTOij,t +
∑

t

𝛽t BRDRij,t + 𝜙i,t + 𝜓 j,t + ���⃗𝛾 ij

]

+ 𝜖ij,t ,∀i,j,t .
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Following the recommendations of Egger et al. (2022), in columns (15) and (16) of Table 1, 
we experiment with 3-year lags and with consecutive year data, respectively. Other than that, 
the specification is the same as in column (14). Consistent with one of the main findings from 
Egger et al. (2022), we see that the RTA estimates that we obtain with different intervals and 
consecutive-year data are not very different from each other. Based on this, Egger et al. (2022) 
conclude that there are no reasons to (randomly) drop data. Moreover, and as expected, we 
see that the standard errors are a bit more precisely estimated when we use more data, again 
favouring the specification with consecutive years. Finally, as we demonstrate in the next 
section, the use of consecutive-year data may have significant implications for capturing the 
evolution of the RTA effects over time.

As visualised in Figure 2 our results send two main messages. First, some of the theory and 
econometric developments have had a significant impact on the RTA estimates, while others not 
so much. Second, the most recent contributions, many of which focused on the standard errors, 
seem to be converging in terms of RTA estimates.

We find these conclusions intuitive, yet potentially misleading. For example, even though 
Figure 2 implies convergence toward a single RTA effect, we are aware of several recent on-
going trends in the related literature that may influence the RTA estimates. Moreover, even 
if some of our RTA results are not very sensitive to the methods we employ, we saw that the 
estimates of some of the other gravity covariates in the same specifications could be quite sen-
sitive. We reinforce this message in Figure 3, where we plot the evolution of the estimates of 

F I G U R E  3   Sixty years of WTO estimates with gravity. This figure plots the estimates of the effects of WTO 
membership, along with the corresponding confidence intervals, which we obtained in Table 1. The X-axis of the 
figure lists the alternative specifications that were used. We refer the reader to Table 1 and to the discussion in 
the main text for further details. [Colour figure can be viewed at wileyonlinelibrary.com]

Alternative Specifications

WTO Estimate 95% Confidence Interval
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the WTO effects from the same specifications, and see they are more heterogeneous. Finally, 
we note that, even if not important for the average RTA effects, some of the methods that we 
described may have very significant implications for the heterogeneous RTA effects across 
various dimensions.

3  |   ON THE HETEROGENEOUS EFFECTS OF 
TRADE AGREEMENTS

In this section, we explore the heterogeneous effects of RTAs across various dimensions and 
with different data. In each case, we rely on our most preferred specification from the previous 
section:

The single difference between Equations (10) and (11) is that the new specification defines the 
RTA variables as part of a vector.

First, we investigate the evolution of RTA effects over time. Our results appear in Figure 4. 
We start with an analysis of the anticipation and phasing-in effects, which appear in the top 
panel of Figure 4. The motivation for a specification with ‘anticipation’ effects is that some 
firms may take note when an agreement is announced, and may start adjusting in anticipa-
tion of the new trade conditions. Moreover, it is possible that some trade costs between the 
potential RTA members start falling even before an agreement is signed. A possible motiva-
tion for the ‘phasing-in’ effects of RTAs is that RTAs reduce tariffs and NTMs stepwise, and 
the effects of reduced tariffs and NTMs may take time to materialise (see for example Baier & 
Bergstrand, 2007; Egger et al., 2022).

Against this backdrop, to capture the evolution of the effects of RTAs over time, we introduce 
a lead six-year before the agreement, taking a value of one six and five years before the agreement 
enters into force, and zero otherwise. In a similar way, we introduce leads of 4 years and 2 years 
before the agreement. The RTA variable stays equal to one in the year of entry into force and the 
following year. Then we add lags. The lag of 2 years captures the effect after two and 3 years, the 
lag of four the effect of the agreement four and 5 years after entering into force, and so on, until 
year 10, which captures years 10 and 11 after the entry into force, and the last one capturing the 
effect of the agreement thereafter. Note the RTA variables are set to zero in all other periods.

The point estimates that we obtain from this specification are plotted in the top panel of 
Figure 4. There are no statistically significant anticipation effects. Given that RTAs may poten-
tially be endogenous and anticipation effects may harm the quantification of their effects, this 
suggests the specification chosen and specifically the included fixed effects take care of large 
parts of these concerns. In principle, it is possible to obtain statistically significant anticipation 
RTA estimates (Egger et al., 2022; Moser & Rose, 2014). Given that the decisions to sign RTAs and 
the process of negotiation usually take at least a couple of years, we would interpret positive 1- or 
2-year lead estimates of the effects of RTA as an indicator of economic adjustment in response 
to the RTA, rather than a sign of unaccounted endogeneity. As noted in Egger et al. (2022), the 
implication of this is that econometric models should allow for anticipation effects of RTAs with 
data that are measured at a sufficiently fine granularity in the time dimension.

(11)Xij,t = exp

[

RTAij,t 𝛼 + 𝛽8 WTOij,t +

2016
∑

t=1981

𝛽t BRDRij,t + 𝜙i,t + 𝜓 j,t + ���⃗𝛾 ij

]

+ 𝜖ij,t ,∀i,j,t .
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Concerning the lags, we see that it takes some time until the RTAs reach their full potential. 
In the first years, it is increasing more steeply, then flatting a bit after 6 years. Such evolution is 
consistent with a gradual adjustment/learning process for trading firms. A large part of the over-
all increase in trade flows due to an RTA (around 75%) is achieved within 12 years after the agree-
ment has entered into force. This is consistent with findings in the literature that the RTA effects 
have fully materialised after around 10–15 years (see for example Baier & Bergstrand, 2007; Baier 
& Standaert, 2022; Egger et al., 2022).

Next, in the bottom panel of Figure 4, we show estimates that allow for differential RTA effects 
per period, i.e., for the period 1980–1989, 1990–1999, 2000–2009, and 2010–2016. Interestingly 
we find a stronger (even though not statistically different) effect for the periods 1980–1989 com-
pared to 1990–1999. While in the 1980s, the number of RTAs was still small (see Figure 1), the 
RTAs that were in place may have on average larger effects. A natural explanation is that earlier 
RTAs were concluded among natural trading partners (see Baier & Bergstrand, 2004).

The period 1990–1999 is the ‘golden age’ when the number of RTAs increased dramatically. 
However, as the bottom panel of Figure 4 suggests, the average effect of the RTA in this period 
on bilateral trade flows was relatively weak. In the 2000s, we see an increase in the magnitude of 
the RTA estimates, which is even more pronounced in the last period considered (2010–2016). The 
evolution of our estimates supports a story of ‘learning’ to sign more efficient and effective RTAs. 
The larger estimates we obtain for the post-2000 period are also consistent with the fact that, during 
recent years, the RTAs have become deeper, including more provisions and a more careful design. 
We will substantiate this hypothesis next when we investigate the effects of RTAs by type and depth.

Our first step is to distinguish between the effects of different types of RTAs. To this end, 
we follow the WTO classification and distinguish between Customs Unions (CUs), Free Trade 
Agreements (FTAs), Partial Scope Agreements (PSAs), Economic Integration Agreements 
(EIAs), CUs and EIAs (CU&EIAs), FTAs and EIAs (FTA&EIAs), and PSA and EIAs 
(PSA&EIAs). We obtain this information from the RTA database of Egger and Larch (2008). 
Results when splitting RTAs into these seven types are presented in the top panel of Figure 5, 
and we find the variation of our estimates across the different types of agreements to be intu-
itive for the most part.

Several findings are noteworthy. First CUs, which not only reduce duties and other restrictive 
regulations of commerce within CU members but also coordinate to a common external policy, 
have significantly stronger effects on average. Second, FTAs have a positive and statistically signif-
icant estimate, but the size of the implied effects is substantially smaller. Third, PSAs, which are 
agreements that cover only certain products, turn out to be comparably strong. A possible explana-
tion could be that these agreements are designed with a very well-defined purpose. Note also that 
there are many more FTAs than there are PSAs, hence, the relatively small FTA effect may mask 
substantial heterogeneity. Last, we estimate an effect for EIAs that is statistically insignificant and 
economically negligible (even negative). Since the EIAs are agreements liberalising trade in services 
and our sample includes manufacturing (goods) trade only, this result should not be surprising, and 
it suggests that services trade liberalising does not directly increase goods trade flows.

F I G U R E  4   Regional trade agreement (RTA) effects over time. This figure plots estimates that trace the 
evolution of the effects of RTAs over time. These estimates are obtained from specification (11), after replacing 
the vector of RTAs (RTAij,t) with variables that enable us to capture the anticipation and phasing-in effects 
of RTAs (in the top panel of the figure) and the heterogeneous RTA effects depending on the decade in which 
they were signed (in the bottom panel of the figure). See text for further details. [Colour figure can be viewed at 
wileyonlinelibrary.com]
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We next utilise the World Bank's database on Deep Trade Agreements (DTA) (Hofmann 
et  al.,  2019; Mattoo et  al.,  2020),19 and distinguish between Deep Trade Agreements (DTAs), 
where the depth index is greater than zero, and other RTAs. The results are presented in the mid-
dle panel of Figure 5. As expected, DTAs have a stronger effect than RTAs. Somewhat surpris-
ingly, the estimate of the impact of RTAs in the middle panel, while positive, is not significant. 
Again, this may mask substantial heterogeneity.

To gain additional insights into whether deeper trade agreements have stronger effects on 
trade flows, we introduce alongside the two dummy variables the depth variable itself (i.e., a con-
tinuous count of the number of provisions within the DTAs in our sample), as well as its square 
term to allow for a non-linear effect. The bottom panel in Figure 5 plots the number of provisions 
against the predicted effect on trade for the DTAs. As can be seen, while for a lower number of 
provisions additional coverage of provisions increases the overall effect on trade, if agreements 
become too complex, the additional effects turn negative, and may even turn the overall effect 
negative for the most complex agreements.

We next investigate the effects per agreement, similarly to Baier et al. (2019). We include the 
dummy for each agreement separately. The results are visualised in the top panel of Figure 6. We 
sort the RTA estimates by size and plot for each agreement the coefficient (blue dots), as well as 
the lower 95% confidence interval bound (red line) and the upper 95% confidence bound (green 
line). As can be seen, effects range from more than minus four to over plus two, showing the huge 
heterogeneity across agreements. Many estimates are not significant. This may be because there are 
390 agreements where we can estimate an agreement-specific effect, and many of them are only 
between two countries, and there are a lot of country pairs that are members not only of one but 
more than one agreement. This overlap makes it hard to identify the effects of single agreements.

As demonstrated by Baier et al. (2019), the impact of RTAs varies not only across agreements 
but also across pairs within agreements and even within pairs depending on the direction of 
trade flows. We allow for such variations in our next experiments. The estimates in Figure 7 allow 
for heterogeneous effects across pairs within an RTA. Similarly, as for the single agreement esti-
mates in the top panel in Figure 6, we see huge heterogeneity. Note that we obtain 1316 point 
estimates in this case. From those about 40% (509) are positive, and 16% (228) are positive and 
statistically significant at the 5% level. We also obtain 30% (399) negative and statistically signifi-
cant estimates.20

To visualise the heterogeneity across pairs, we follow Baier et al. (2017) and plot in the bottom 
panel of Figure 7 the single agreement estimates against the pair-wise estimates. As a pair may 

 19Available for download at https://​datat​opics.​world​bank.​org/​dta/​table.​html. Specifically, we use all mapped ‘PTAs’ 
and the depth variable provided.
 20Two possible explanations for the negative estimates could be (i) the smaller number of observations used to identify 
the pair-specific effects, thus making these estimates vulnerable to the influence of outliers, and (ii) the fact that some 
pairs are involved in more than one RTA, in which case some of the estimates in Figure 7 should be interpreted as 
deviations.

F I G U R E  5   Regional trade agreement (RTA) estimates by the type of agreement. This figure captures 
the heterogeneity of the effects of RTAs depending on their type and depth. All estimates are obtained from 
specification (11), after replacing the vector of RTAs (RTAij,t) with variables that enable us to capture the type of 
RTAs (in the top panel of the figure), whether the RTAs were deep or not (in the middle panel of the figure), and 
depending on the depth of RTAs based on a continuous ‘depth’ index (in the bottom panel of the figure). See text 
for further details. [Colour figure can be viewed at wileyonlinelibrary.com]
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have more than one agreement, we kept the one with the larger estimate to produce the graph. 
Hence, not all agreements are visualised. Furthermore, restricted by the number of different 
colours/markers, all agreements with point estimates between −0.13 and 0.13 appear in blue 
colour, while the other agreements are highlighted in different colours.

As can be seen from Figure 7, heterogeneity within agreements (indicated by the same colour) 
is larger, ranging from about −5 to 5, than the estimates across the visualised agreements, which 
range from −1 to 2. This clearly shows that even when an RTA has positive effects on average, 
some members may see substantially lower trade effects than others. For example, we obtain 
the largest negative estimate of −0.895 for the EFTA-Central America (Costa Rica and Panama) 
agreement (red pluses on the far left), while the large positive effects for many members of 1.689 

F I G U R E  7   Regional trade agreement (RTA) estimates by pair with agreement. This figure captures 
the heterogeneity of the effects of RTAs across pairs within an agreement. All estimates are obtained from 
specification (11), after replacing the vector of RTAs (RTAij,t) with indicator variables that allow for separate 
estimates of the effects of RTAs for each pair of countries that signed them. The top panel of the figure orders 
our pair-specific estimates based on their magnitude and plots the corresponding confidence intervals. The 
bottom panel captures the heterogeneity within each agreement. Specifically, the different colours in the figure 
are used for different agreements, and the different dotes within each colour reflect the heterogeneous RTA 
effects across the pairs within the corresponding agreement. See text for further details. [Colour figure can be 
viewed at wileyonlinelibrary.com]

F I G U R E  6   Regional trade agreement (RTA) estimates by agreement. This figure plots estimates that 
capture the heterogeneous effects of RTAs by agreement. These estimates are obtained from specification (11), 
after replacing the vector of RTAs (RTAij,t) with indicator variables for each of the agreements in our sample. 
See text for further details. [Colour figure can be viewed at wileyonlinelibrary.com]
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is for the Protocol on Trade Negotiations (orange dots on the far right). The huge heterogeneity 
of members of the teal-coloured dotes with a point estimate of 0.261 is for the Global System of 
Trade Preferences among Developing Countries.

We can push heterogeneity even further by allowing for the effects of RTAs to vary not only by 
pair but also within pair and depending on the direction of trade (e.g., the impact of NAFTA on 
Canada's exports to Mexico vs. Mexico's exports to Canada). This is captured in Figure 8. In this 
case, we obtain nearly 3200 estimates.21 We find a similar pattern as in Figure 7, but the share of 
positive estimates is larger (1963 positive estimates, i.e., about 60%). In the bottom panel of 
Figure 8 we plot the obtained estimates by direction, i.e., trade from country i to country j against 
trade from country j to country i. If trade would be balanced, we should see the dots aligned at 
the 45-degree line (the green line). This is not the case, highlighting the huge asymmetric effect 
of RTAs and reinforcing the need for careful analysis of the heterogeneous effects of RTAs even 
within member pairs.

The final heterogeneity we explore is across sectors. To obtain sectoral estimates, we rely on 
data from the USITC's ITPD-E-R02,22 which contains international and domestic trade for 170 
industries covering agriculture, mining and energy, manufacturing, and services for over 200 
countries from the 1980s onwards (for services from 2000s).23 Our results are captured in Figure 9. 
The top panel presents the results for the four broad sectors, and the results for the 170 industries 
are reported in the bottom panel of Figure 9.

The estimates in the top panel reveal that, besides in mining, the RTAs in our sample have had 
positive and statistically significant effects in all other broad sectors. The magnitude of the overall 
RTA effects is similar across agriculture, manufacturing, and services. In mining, we find slight neg-
ative, but not statistically significant results. Also, the confidence interval is wide in mining. This 
suggests that RTAs seem not to be an important determinant of bilateral flows in mining and energy.

Finally, the bottom panel of Figure 9 visualises our estimates for each of the 170 industries 
in the ITPD-E-R02. For clarity, we do not plot the top and bottom 5% of the estimates. The main 
message from this figure is that the effects of RTAs vary significantly across sectors. In 60% of 
the industries (102 out of the 170) we obtain positive estimates, and in 39 industries the positive 
estimates are also statistically significant at the 5%-level. From the 68 negative estimates, 12 are 

 21Due to the many explanatory variables in this specification, we had to run the regression in a way that did not 
produce standard errors for the directional RTA estimates.
 22Available for download at https://​www.​usitc.​gov/​data/​gravi​ty/​index.​htm.
 23Borchert et al. (2021, 2022a, 2022b) provided descriptive statistics for ITPD-E and gravity estimates showing the 
suitability of this database for estimation.

F I G U R E  8   Directional regional trade agreement (RTA) estimates. This figure captures the heterogeneity 
of the effects of RTAs within pairs and within agreements but depending on the direction of trade flows. All 
estimates are obtained from specification (11), after replacing the vector of RTAs (RTAij,t) with indicator 
variables that allow for separate estimates of the effects of RTAs for each pair of countries that signed them and 
also depending on the direction of trade within the pair. The top panel of the figure orders our directional-pair-
specific estimates based on their magnitude and plots the corresponding confidence intervals. The bottom panel 
captures the heterogeneity within each pair and agreement. Specifically, the different colours in the figure are 
used for different agreements, and the different dotes within each colour reflect the heterogenous RTA effects 
across pairs and depending on the direction of trade within the corresponding agreement. If the effects of RTAs 
within each pair were symmetric, then all points in the bottom panel of the figure would have been on the 45° 
line. See the text for further details. [Colour figure can be viewed at wileyonlinelibrary.com]
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statistically different from zero at the 5%-level. The distribution of positive and negative esti-
mates within broad sectors is relatively similar. Hence, the main variation is within broad sectors, 
not across broad sectors.

We draw several conclusions from this. We provide ample evidence that the effects of RTAs 
are very heterogeneous over time, across sectors, across individual agreements, depending on 
the type and depth of the RTAs, across country pairs within a multilateral trade agreement, 
and even within pairs depending on the direction of trade flows. Two important, and related, 
implications of this result are that (i) the average RTA estimates may hide significant hetero-
geneity across the pairs of countries in them, and (ii) that one has to keep this caveat in mind 
when RTA estimates are used for counterfactual analysis. Another important result from our 
analysis is that, even though most of the RTA estimates that we obtained were positive (and 
many of them statistically significant), we also obtained many negative and statistically sig-
nificant estimates. This result also has two implications. From a methodological (and data) 
perspective, it is important for researchers to be careful and ensure that such estimates are 
sound. From a policy perspective, such negative estimates should play an important role in 
the negotiation and evaluation of RTAs.

4  |   CONCLUDING REMARKS

Since Jan Tinbergen used a gravity equation to explain bilateral trade flows 60 years ago, re-
searchers developed a thorough theoretical underpinning, made numerous refinements to the 
specification, tackled omitted variables biases and endogeneity, investigated various correlation 
structures of the error term, and developed databases that include domestic sales and more disag-
gregated data covering many sectors. We demonstrate these developments by respective gravity 
equation specifications to estimate the effects of RTAs. Our estimates show that the most recent 
developments lead to relatively robust estimates, suggesting a positive, significant average effect 
of RTAs on bilateral trade flows of about 22%.

This average effect of 22% masks huge heterogeneity. Hence, the second part of our analysis 
demonstrates the heterogeneity over time, depending on the type and depth of the RTAs, across 
individual agreements, across country pairs within agreements, and across sectors. While some 
recent contributions explored some of these dimensions, better data and new estimating develop-
ments will allow exploring these and possibly other dimensions of heterogeneity further.

There are several alternative relaxations that we did not explore, such as taking into ac-
count spatial/network effects (Morales et  al.,  2019), allowing for a non-CES structure 
(Fieler, 2011; Novy, 2013), taking the growth of trade into account (Anderson et al., 2020; Baier 
& Standaert, 2022; Eaton et al., 2016), allowing for heterogeneous trade cost elasticities (Chen 

F I G U R E  9   Regional trade agreement (RTA) estimates across sectors and industries. This figure captures 
the heterogeneity of the effects of RTAs across sectors, based on data from the ITPD-E-R02. All estimates 
are obtained from specification (11), which is estimated at alternative levels of aggregation. Specifically, the 
estimates in the top panel of the figure are obtained for each of the four broad sectors (Agriculture, Mining 
and energy, Manufacturing, and Services) by pooling data on all individual industries within each of the broad 
sectors and using appropriate (exporter-industry-time, importer-industry-time, etc.) fixed effects. The bottom 
panel of the figure reports estimates (and their corresponding confidence intervals) for the individual industries 
from the ITPD-E-R02. For clarity, we do not plot the top and bottom 5% of the estimates. See text for further 
details. [Colour figure can be viewed at wileyonlinelibrary.com]
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& Novy, 2022; Czarnowske & Stammann, 2022), or distinguishing the extensive and intensive 
margin of trade (Chaney, 2008; Eaton & Sotelo, 2013; Egger et al., 2011; Helpman et al., 2008). 
Furthermore, we did not utilise the theoretical underpinning to quantify the full, general equi-
librium effects of RTAs. Recent developments that combine estimation and general equilibrium 
quantification are Adão et al. (2017), Allen et al. (2020), Adão et al. (2022), and Anderson (2022). 
We also look forward to new impactful contributions to the gravity and RTA literatures in the 
coming decades.
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