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This paper estimates trade barriers in government procurement, a market that accounts for 12% of world GDP. Using data from inter-country input-output tables in a gravity model, we find that home bias in government procurement is significantly higher than in trade between firms. However, this difference has been shrinking over time. Results also show that trade agreements with provisions on government procurement increase cross-border flows of services, whereas the effect on goods is small and not different from that in private markets. Provisions containing transparency and procedural requirements drive the liberalizing effect of trade agreements.

Introduction

Government procurement is a major market, accounting for about 12% of world GDP in 2018 [START_REF] Bosio | Public Procurement in Law and Practice[END_REF]. Given this important size, public authorities often prefer local to foreign providers in procurement contracts in order to achieve socioeconomic objectives (e.g., promoting "sustainable" local purchases, and the development of small and medium local enterprises).1 Buy-national provisions are prime examples of measures that explicitly exclude foreign firms from government contracts. The Global Trade Alert (GTA) initiative has collected data since 2009 on the adoption of protectionist measures in government procurement. The data show that 56 new discriminatory measures in government procurement were enacted on average each year between 2009 and 2018. 2 In parallel with this persistent protectionism, governments have committed to greater market access in government procurement through the WTO Government Procurement Agreement (GPA) as well as targeted provisions within other free trade agreements (TAs).

Membership to the WTO GPA expanded from the initial 34 signatory countries (including EU member states) in 1996 to a group of 48 as of 2020. Meanwhile, the number of TAs including enforceable provisions aimed at liberalizing procurement markets has been increasing over time. Figure 1 shows that provisions on government procurement have become more common since 2000. In 2017, a quarter of TAs in force had enforceable provisions on government procurement. 1 9 6 0 1 9 6 2 1 9 6 4 1 9 6 6 1 9 6 8 1 9 7 0 1 9 7 2 1 9 7 4 1 9 7 6 1 9 7 8 1 9 8 0 1 9 8 2 1 9 8 4 1 9 8 6 1 9 8 8 1 9 9 0 1 9 9 2 1 9 9 4 1 9 9 6 1 9 9 8 2 0 0 0 2 0 0 2 2 0 0 4 2 0 0 6 2 0 0 8 2 0 1 0 2 0 1 2 2 0 1 4 2 0 1 6
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Note: Authors' calculations on the basis of the Deep Trade Agreements data from [START_REF] Mattoo | Handbook of Deep Trade Agreements[END_REF]. We exclude "Partial Scope Agreements".

Against this seemingly contradicting policy landscape (with unilateral discriminatory measures being adopted together with liberalizing ones), this paper aims to assess the importance of trade barriers in government procurement and identify the impact of trade agreements on cross-border flows. We employ data from the Trade in Value-Added (TiVA) database of the OECD on 62 countries between 1995 and 2015. Our preferred definition of purchases by the public sector sums the "General Government expenditures" and the "Public Administration", "Health" and "Education" output columns of the inter-country input-output (ICIO) tables. Bilateral trade values are distinguished by goods and services.

Descriptive trends in the data show that the public sector spends considerably more on services than on goods compared to the private sector. What is more, the import share of expenditure in government procurement relative to the one in the rest of the economy is particularly low in services, although important heterogeneity emerges across countries.

To move beyond descriptive evidence and estimate trade barriers in government procurement, we apply a canonical gravity framework relating bilateral cross-border procurement flows to different variables proxying for trade costs (or their inverse) and multilateral resistance terms. We also apply the same gravity framework to bilateral trade in the rest of the economy -what we refer to as the private sector or market -which we use as a benchmark as well as a way to observe possible spillovers of procurement-specific policies. Gravity specifications without country-pair dummies allow us to identify the "border effect" introduced by McCallum (1995) -how much internal trade is larger than international trade -and subsequently estimated with different settings and techniques [START_REF] Anderson | Gravity with Gravitas: A Solution to the Border Puzzle[END_REF][START_REF] Chen | Intra-national versus international trade in the European Union: why do national borders matter[END_REF][START_REF] De Sousa | Market access in global and regional trade[END_REF]. This provides a first measure of trade barriers as it identifies the effect of crossing the border on domestic relative to international trade. Results show a large border effect in general, confirming the findings of the literature [START_REF] De Sousa | Market access in global and regional trade[END_REF]. Borders in government procurement are thicker than in private markets. The difference is significant and larger in services than in goods, confirming the descriptive evidence. While discrimination of foreign firms contributes to the large border effect in government procurement, other characteristics of procurement contracts unrelated to the nationality of the supplier (e.g., the existence of 'set-aside', differences in legal procedures across countries) might well inflate the value of domestic procurement contracts relative to that of contracts awarded to foreign firms.

Our preferred specifications control for bilateral fixed effects and hence permit better identification of the effects of trade policies [START_REF] Baier | Do free trade agreements actually increase members' international trade[END_REF]. We focus on provisions aimed at liberalizing government procurement that are included in TAs, while controlling for other TAs (most notably in our sample, EU membership) and membership in the WTO GPA. We find that specific provisions included in TAs distinctively increase cross-border government procurement in services relative to trade in services in the private sector. Our estimates suggest that cross-border procurement in services is 77 percent higher when two countries are part of a TA with provisions on procurement. This effect is reduced when we isolate the influence of EU membership, which takes up almost half of our sample. The results point to an important effect of EU entry on government imports of both manufacturing and services, suggesting that EU directives aimed at opening up public procurement markets have been instrumental in increasing public purchases of goods and services from abroad. According to our findings, trade in public markets between two countries is 40 (for goods) to 60 percent (for services) higher when both are EU members.

As for the WTO GPA, we also find robust effects but only for cross-border government procurement in services. Since more than half of the GPA members are EU countries and many engage in 'deep' TAs with procurement provisions, the effects of the GPA and those of TAs might be confounded [START_REF] Anderson | Regional Trade Agreements and Procurement Rules. Facilitators or Hindrances?[END_REF].

In additional estimations, we find that the trade-creating effect of TAs is driven by 'unilateral' provisions -i.e., provisions for which it is difficult to exclude firms from non-member countries. Two pieces of evidence support this finding. First, we estimate the effect of each provision in separate gravity models. While the clustering of provisions makes the interpretation of the findings purely suggestive, we find that measures aimed at fostering transparency and sharing of information (e.g., possibility of e-procurement, availability of statistics on government procurement) have the largest impact on bilateral trade. Second, we single out these provisions that are clearly unilateral (transparency and procedural matters) in a country-specific measure of 'depth' of TAs. Results from an extended gravity model (see, e.g., [START_REF] Heid | Estimating the Effects of Non-discriminatory Trade Policies within Structural Gravity Models[END_REF]; [START_REF] Beverelli | Institutions, Trade and Development: A Quantitative Analysis[END_REF] show that the border effect in government procurement for services is significantly lower in countries with higher unilateral depth of TAs. Participation in TAs with unilateral provisions increases cross-border procurement flows relative to domestic ones.

To examine further the tendency to buy national by public authorities, we estimate an index of "Constructed Home Bias" (CHB) in the public and private sectors (Anderson and Yotov, 2010b;[START_REF] Anderson | How Much Does Geography Deflect Services Trade? Canadian Answers[END_REF]. This measure is complementary to the border effect as it compares the amount of actual internal trade (as estimated by the gravity equation) relative to internal trade in a counterfactual frictionless trade scenario. Holding overall sales and expenditure fixed, trade barriers of different types around the world (and hence not only the national border) determine the size of the home bias index. Results confirm what anecdotal evidence suggests: home bias in government procurement is large and higher on average than in the private markets. The difference is less striking when we look at goods and services separately. This suggests that governments are more home-biased than the private sector because (i) they source more goods and services locally; and (ii) they spend more in sectors that are more home biased. Looking at variation over time, we find that the home bias in government procurement decreased for most countries in the sample over the 1995-2015 period, but important heterogeneity emerges. The developing countries in our sample including China, Vietnam and India experienced the largest declines in home bias, whereas government procurement has become more national in most developed economies, such as Japan, Germany and France. Developed countries are however the countries with the lowest levels of CHB.

The paper contributes to the relatively scant academic literature on government procurement in the context of international trade. [START_REF] Baldwin | Nontariff distortions of international trade[END_REF] was the first to formally analyze the role of government expenditures in a traditional factor proportions model of international trade. His findings that discrimination in public expenditure is inconsequential for trade flows and specialization were revised and confirmed only partly in oligopolistic settings [START_REF] Miyagiwa | Oligopoly and Discriminatory Government Procurement Policy[END_REF] and with imperfect information [START_REF] Mcafee | Government procurement and international trade[END_REF]).3 

Within general equilibrium models with increasing returns to scale, [START_REF] Brulhart | Public expenditure, international specialisation and agglomeration[END_REF] find that trade barriers in government expenditure can actually change the patterns of specialization, while [START_REF] Trionfetti | Public Procurement, Market Integration, and Income Inequalities[END_REF] identifies a significant impact of home-biased government procurement on agglomeration following trade liberalization. In all these papers, home bias in the public sector is treated as a parameter. [START_REF] Trionfetti | Discriminatory Public Procurement and International Trade[END_REF] provides a first attempt to quantify this home bias. He uses domestic input-output tables -which are part of the ICIO data -for seven European countries to compare import penetration ratios across public and private sectors. [START_REF] Rickard | Think globally, buy locally: International agreements and government procurement[END_REF] uses aggregate trade data in a gravity framework and find that countries with larger government procurement import less, thus suggesting public home bias. We extend this empirical strand of the literature by estimating trade barriers in government procurement directly, by using information from input-output tables, both in absolute terms and relative to the private sector. In doing so, we highlight the importance of the composition of government procurement -i.e., its bias towards services.

In this paper, we infer government procurement purchases from inter-country input-output tables in order to estimate the effect of TAs and their provisions on cross-border purchases. Related work has exploited contract-level data mainly for the U.S. and the EU to assess the local bias in public purchases. Using EU data, Herz and Varela-Irimia (2020) find large border effects both across and within European countries adopting a gravity-style estimation approach, and Kutlina-Dimitrova and Lakatos (2014) provide evidence indicating that product market regulation and policies on Foreign Direct investments (FDIs) affect the probability of awarding a procurement contract to a foreign firm. 4 Fronk (2014) estimates the effect of TAs in a gravity model using U.S. federal procurement data -as such, he has one buyer (the U.S.) from multiple suppliers. While measuring precisely procurement purchases (at least by certain public entities and for values above certain thresholds) 5 , the contract-level data cover only a single or a few countries (like in the case of the EU) and hence do not permit to investigate the effect of TAs and their provisions. We overcome this limitation by using instead inter-country input-output tables to measure government procurement flows. The drawback of this data source is that we do not observe procurement purchases directly, but we employ constructed data based on national accounts. The use of the empirically successful gravity model aims at filtering out noise and identify central tendency in the data. 6

Our analysis draws extensively from the large literature on the gravity model of trade [START_REF] Head | Chapter 3 -gravity equations: Workhorse,toolkit, and cookbook[END_REF][START_REF] Anderson | The Gravity Model[END_REF] to assess the policy determinants of trade flows.

In doing so, we do not attempt to develop a fully-fledged theoretical model that explains, for instance, the allocation of public and private expenditures across sectors. Our focus is on the incidence of trade policy, taking aggregate sales and expenditure as given. Owing to the separability between allocation of resources within and across countries that is common to many models of trade, we infer trade costs in a "conditional general equilibrium" setting [START_REF] Anderson | Trade Costs[END_REF], i.e. taking as given the allocations of resources across type of goods and services in the public and private sectors. As [START_REF] Fronk | Do Procurement Agreements Increase Partners[END_REF] shows, a gravity-style empirical model can be derived also from the auction framework of [START_REF] Mcafee | Government procurement and international trade[END_REF] combined with a standard comparative advantage model à la [START_REF] Eaton | Technology, Geography, and Trade[END_REF]. We rely on this validity of the gravity framework for analyzing bilateral flows in government procurement and estimating measures of home bias. Further, our work expands the literature on the partial equilibrium effects of trade agreements [START_REF] Baier | Do free trade agreements actually increase members' international trade[END_REF][START_REF] Bergstrand | Economic integration agreements, border effects, and distance elasticities in the gravity equation[END_REF] and its provisions [START_REF] Dür | The design of international trade agreements: Introducing a new dataset[END_REF][START_REF] Kohl | Do Trade Agreements Stimulate International Trade Differently? Evidence from 296 Trade Agreements[END_REF][START_REF] Mattoo | Trade Creation and Trade Diversion in Deep Agreements[END_REF] by focusing on trade where the public sector is the buyer. 7 When we focus on specific TA provisions on government procurement, we rely on recent work

showing how to identify the effect of unilateral trade policy within a structural gravity model [START_REF] Heid | Estimating the Effects of Non-discriminatory Trade Policies within Structural Gravity Models[END_REF][START_REF] Sellner | Non-discriminatory Trade Policies in Panel Structural Gravity Models: Evidence from Monte Carlo Simulations[END_REF][START_REF] Beverelli | Institutions, Trade and Development: A Quantitative Analysis[END_REF]. We isolate provisions, like the pubic sharing of information and statistics, whose application is non-excludable (i.e., conditional on compliance by the member countries, non-member countries benefit as well for construction, and 130 thousand euros for supplies and services). The U.S. Federal Procurement Data System collects contract award data for procurement contracts at the federal level only. 6 Fajgelbaum and Khandelwal (2016) use similar data from the World Input-Output Database (WIOD) to estimate the parameters of a non-homothetic gravity equation.

7 A theoretically-consistent estimate of the comparative statics effect of TAs requires to specify the full general equilibrium model because changes in trade costs generally affect the allocation of resources across sectors. Different assumptions on the underlying structure of the economy can lead to a common formulation of the comparative statics effect of a change in trade costs as reviewed by [START_REF] Costinot | Chapter 4 -trade theory with numbers: Quantifying the consequences of globalization[END_REF]. [START_REF] Egger | The Trade Effects of Endogenous Preferential Trade Agreements[END_REF], for instance, estimate the full trade effect of TAs.

from the content of the provision), and find that they significantly increase cross-border relative to national government procurement of services.

The rest of the paper proceeds as follows. In section 2, we briefly discuss the choice of the gravity equation as our empirical framework. In section 3, we describe the empirical specification and the data. Section 4 provides a descriptive analysis of trade data. Section 5 presents the results of the gravity estimations and the home bias indexes. In section 6 we conclude by discussing the policy implications of our results.

Theoretical framework

In this section, we present our theoretical framework, justify its choice, and describe how we bring it to the data.

We aim to define a simple framework that allows us to identify trade barriers in public procurement across countries. The gravity model can serve this purpose. It has been widely used to infer the determinants of bilateral trade and it is consistent with many general equilibrium models of trade [START_REF] Head | Chapter 3 -gravity equations: Workhorse,toolkit, and cookbook[END_REF]. We argue that the gravity equation can be used also to explore the determinants of trade in government procurement. To show this, we work with the simplest theoretical framework that delivers a gravity equation: the one based on the national product differentiation assumption due to Armington (1969) 8 , where each country is endowed with a differentiated variety of a type k (in our empirical applications, k corresponds to goods or services). As [START_REF] Anderson | A Theoretical Foundation for the Gravity Equation[END_REF] shows, this assumption coupled with CES preferences or technology delivers a gravity equation.

To better capture the procurement of goods and service, we consider shipments of intermediate inputs. The private and public market s in each country j sources inputs of type k originated from country i. Crucially, varieties are differentiated by the type s ∈ {p, r} of buyer, where p stands for public and r denotes private market. One way to think about this assumption is that firms are specialized in either the public or private market. 9 Let 8 The theoretical framework outlined here, being based on the gravity equation, can be derived from a number of assumptions on the demand and supply sides of the model [START_REF] Head | Chapter 3 -gravity equations: Workhorse,toolkit, and cookbook[END_REF]. Ricardian comparative advantage models á la [START_REF] Eaton | Technology, Geography, and Trade[END_REF] and monopolistic competition models with Dixit-Stiglitz-type assumptions deliver a gravity equation. [START_REF] Larch | Buy National or Buy International? The optimal design of government spending in an open economy[END_REF], for instance, use a monopolistic competition framework to estimate the welfare maximizing share of domestic public procurement.

9 Note that with an endogenous characterization of the supply side (e.g., in a monopolistic competition or [START_REF] Larch | Buy National or Buy International? The optimal design of government spending in an open economy[END_REF]. In a second step, it chooses the optimal mix of spending across type k and sourcing country i, taking as given optimal expenditure for each good type k and hence public expenditure and optimal taxation. Separability implies that only this last step determines directly bilateral trade flows. Crucially, taxation does not affect bilateral trade flows under the "conditional general equilibrium" [START_REF] Anderson | Trade Costs[END_REF], as long as it does not come from border tariffs, which we assume throughout. While this limits the scope of the theory, it enables us to focus on trade costs. 12 Under this structure, the CES demand function for intermediate goods is:

(

1) X k,s ij = p k,s i t k,s ij P k,s j 1-σ k E k,s j
Eaton-Kortum model), labour can freely move across sectors and hence across productions for governments and for other firms.

10 Private firms provide the private good aggregate under perfect competition.

11 Cobb-Douglas preferences across public and private good aggregates satisfy this condition (e.g., see [START_REF] Larch | Buy National or Buy International? The optimal design of government spending in an open economy[END_REF]).

12 Changes in trade costs affect the optimal allocation of resources across sources of good k, without altering the overall expenditure (and hence income for the exporting countries) on good k. This result clearly hinges upon the type of analysis that we are after. In a full general equilibrium model, changes in the patterns of trade alter factory gate prices and hence income and expenditure.

where P k,s j 

≡ i p k,s i t k,s ij 1-σ k 1-σ k is the
= j p k,s i t k,s ij /P k,s j 1-σ k E k,s j
to solve for the exogenous factory prices, we obtain the structural gravity model for each buyer s ∈ {p, r}:

X k,s ij = E k,s j Y k,s i Y k,s t k,s ij P k,s j Π k,s i 1-σ k
(2)

P k,s j 1-σ k = i t k,s ij Π k,s i 1-σ k Y k,s i Y k,s (3) Π k,s i 1-σ k = j t k,s ij P k,s j 1-σ k E k,s j Y k,s (4) where Y k,s ≡ i Y k,s i
denotes world income generated from supplies of good k to buyer s. The Π i 's terms are referred to as "sellers' incidence" or "inward multilateral resistance", while the price indexes P j 's are suitably re-interpreted as "buyers' incidence"

or "outward multilateral resistance" [START_REF] Anderson | Gravity with Gravitas: A Solution to the Border Puzzle[END_REF]Anderson and Yotov, 2010b). These terms summarize the average trade resistance between one country and the rest of the world. The system can be solved for the P j 's and Π i 's terms (up to a scalar) given data on income and expenditure and estimates of the trade cost vector {t ij }. 13 The structural gravity model can be used to derive a theoretically-consistent index of home bias, defined as the amount of predicted internal trade given trade costs relative to the same internal flow that would arise in a frictionless benchmark. In absence of trade barriers (t ij = 1∀i, j), trade flows are proportional to income and expenditures shares:

X k,s i,i (t ij = 1) = Y k,s i E k,s i /Y k,s .
The "Constructed Home Bias" (CHB) index (Anderson and Yotov, 2010b) 13 A gravity-type equation for bilateral cross-border procurement flows can be obtained also in the framework of [START_REF] Fronk | Do Procurement Agreements Increase Partners[END_REF], where prices are determined in a first-price sealed-bid auction similar to [START_REF] Mcafee | Government procurement and international trade[END_REF]. In his model, bilateral flows are still a function of importer-specific terms, exporter-specific terms, and bilateral factors, but the theoretical counterparts of some terms are different from those of eq (2) -e.g., the set of importer-specific terms include the expected (average) price of procurement contracts and a measure of competitiveness of the procurement market.

is thus:

(

5) CHB k,s i ≡ t k,s ii Π k,s i P k,s j 1-σ k
This index summarizes how trade costs around the world inflates domestic shipments over international trade, holding aggregate sales and expenditure constant. It thus provide a specific measure of preference for local suppliers that can be computed for both the private and public market.

As Anderson and Yotov (2010b) argue, the CHB index is comparable across type of goods and services, countries and over time, does not depend on normalization nor on estimates of σ k . Importantly, it can be estimated given the structure of the gravity equation. As such, the estimated index is meant to capture central tendency in the data and hence share the good empirical properties of the gravity equation. 14 The CHB index is derived in eq (5) under a conditional general equilibrium analysis, which means that sales and expenditures (the Y 's and the E's) do not change between the observed and the counterfactual (frictionless) scenario. 15 As in Anderson and Yotov (2010b), this approach is consistent with a strict interpretation of CHB as a measure of the incidence of trade costs.

Empirical specification and data

Given data on the value of bilateral sectoral shipments X k,s ij and proxies for the trade cost function t k,s ij , the parameters of the gravity equation in (2) can be consistently estimated. We follow common practice in the literature and use importer-year and exporter-year fixed effects in our panel regressions to control for the multilateral resistance and the sales and expenditure terms in eq (2). Adding a time subscript, the gravity model that we estimate is:

(6) X k,s ij,t = exp m k,s j,t + e k,s i,t + α k,s T k,s ij,t + ε k,s ij,t
The term T k,s ij,t is the matrix of possibly time-varying bilateral trade cost variables and α k,s t is the associated vector of coefficients:

t ks ij,t φ k,s (1-σ k ) ≡ exp α k,s t T k,s ij,t ;
where the empirical parameter φ k,s measures the elasticity of 'true' trade costs with respect to the 'observed' ones, and is allowed to vary by type of good and buyer. The m and e terms denote importer-year and exporter-year fixed effects, each specific to a buyer and type of good. To avoid collinearity and consistently with the structural gravity model in eq (2) (see Anderson and Yotov, 2010b), we normalize exp(m k,s U SA,t ) = 1 ⇒ P k,s U SA,t = 1 in all our estimations. 16

In specifying the trade cost function, we follow two approaches. First, we include time-invariant determinants of trade barriers that have been extensively used in the literature in addition to time-variant and policy-driven variables -including measures that capture changes in trade barriers specific to the public procurement market. In this case, the trade cost function is specified as follows:

t ks ij,t φ k,s (1-σ k ) ≡ exp β k,s 1 SM CT Y ij + β k,s 2 DIST ij + β k,s 3 CON T IG ij + β k,s 4 COLON Y ij (7) exp β k,s 5 LAN G ij + β k,s 6 LEGAL ij + β k,s 7 T AN OP ROC ij,t + β k,s 8 T AP ROC ij,t (8) exp β k,s 9 W T OGP A ij,t + β k,s 10 EU ij,t (9) 
where the SM CT Y indicator equals one if i = j, i.e. if the the trade flow is internal.

The coefficient β 1 thus identifies the (partial) border effect, i.e. how much trade within national borders is different from trade with other countries, controlling for other bilateral determinants of trade and for multilateral resistance terms. We control for a standard set of other time-invariant determinants of bilateral trade. The variable DIST is the the log of the population-weighted bilateral distance [START_REF] Mayer | Notes on CEPII's distances measures: The GeoDist database[END_REF]. CON T IG is a dummy equal to one if the two countries in the pair share a border, COLON Y equals one if the two countries share colonial history, LAN G equals one if the two countries share an official language, and LEGAL is a dummy for common legal origin. These variables are sourced from CEPII [START_REF] Mayer | Notes on CEPII's distances measures: The GeoDist database[END_REF].

The other determinants of trade costs are variables that measure participation in trade agreements, with a focus on trade policies related to government procurement. The T AN OP ROC indicator equals one if the two countries in the pair are part of a TA at time t 16 Given our structural interpretation of the model, the normalization implies that P k,s j,t

1-σ k = E k,s j,t /E k,s U SA,t exp m k,s j,t . It follows that P U SA,t = 1.
without any provision on government procurement. The T AP ROC dummy captures instead country pairs that are involved in TAs that explicitly include a chapter on government procurement. In extensions, we also estimate the impact of single provisions on government procurement as collected in the Deep Trade Agreements (DTA) database [START_REF] Mattoo | Handbook of Deep Trade Agreements[END_REF]. The variable W T OGP A equals one for country pairs where both countries are members of the WTO GPA. 17 Among the 62 countries of our sample, 28 are EU members at some point in time. We isolate the distinctive role of the EU by adding a dummy for EU membership. The TA variables are mutually exclusive -i.e., the T AN OP ROC and T AP ROC dummies are turned to zero for EU countries when the EU indicator is equal to one.

We first compare estimates of the trade cost function across public and private markets, for goods and services. We focus on the estimates of the coefficient on the SM CT Y dummy as it captures the border effect and hence can used as a first indicator of bias towards local purchases. We then assess whether policy efforts to liberalize government procurement markets have increased cross-border flows. Specifically, we test if the coefficients on the TA and GPA dummies are positive and significant and if they are higher for government than for private flows. The estimated coefficients on these trade policy variables in eq (7) are likely to be biased because the specification does not fully control for unobserved time-invariant heterogeneity that can drive both the propensity to increase cooperation through various agreements and trade flows [START_REF] Baier | Do free trade agreements actually increase members' international trade[END_REF]. To control for this unobserved heterogeneity, we estimate the following specification:

(10)

t ks,F E ij,t φ k,s (1-σ k ) ≡ exp β k,s 1 T AN OP ROC ij,t + β k,s 2 T AP ROC ij,t + β k,s 3 W T OGP A ij,t + β k,s 4 EU ij,t + γ k,s ij
where the γ's terms are bilateral fixed effects that capture unobserved and time-invariant determinants of trade costs. 18 Our interest is in the (partial) effect of trade agreements. 19 We isolate the effect of 17 While the agreement entered officially into force in 1996, it was firstly singed in 1994. We thus assume that the countries that entered the agreement in 1996 were already de facto members in 1995, the first year of our panel.

18 Collinearity requires further restrictions on the set of bilateral fixed effects. As in [START_REF] Agnosteva | Intra-national trade costs: Assaying regional frictions[END_REF], we suppress the time-invariant internal trade cost dummies so that the estimates of international time-invariant trade costs are relative to a geometric mean of the two countries' internal trade cost:

exp(γ k,s ij ) = t s,k ij / t s,k ii t s,k ij 1/2 .
19 The effect of trade agreements directly implied by the estimated coefficients in eq (10) is 'partial' in EU membership as almost half of the countries in our sample are members of the EU and the agreement is arguably the deepest form of economic integration among states, including specific directives on government procurement. Two policy variables should account for trade liberalization specific to government procurement. One is an indicator for the presence of provisions on government procurement in TAs. We draw from the Deep Trade Agreements database [START_REF] Mattoo | Handbook of Deep Trade Agreements[END_REF], which includes a section on the presence of around 100 provisions specific to government procurement in each TA. In our baseline specifications, we use a simple dummy, T AP ROC for the presence of provisions on government procurement in an agreement. The other variable is a dummy for membership in the WTO GPA. Started in 1996 and revised in 2014, the agreement aims to ensure national treatment to foreign firms in government procurement markets, although each member defines the areas of commitments (e.g. different public entities, goods vs. service) that can thus vary substantially across countries. Importantly and unlike most of the WTO agreement, the GPA is "plurilateral", meaning that it binds only its signatories having de facto the same structure of a preferential TA.

To take into account how trade barriers around the world create a preference for local purchases, we next estimate an index of home bias, the CHB. Differently from the border effect, the CHB measures how trade frictions shift up the observed internal trade relative to a frictionless benchmark, where international transactions are thus predicted to be much greater. To estimate the index, we manipulate the gravity equation in eq (2) as follows (see Anderson and Yotov, 2010b):

(11) CHB k,s i,t = Y k,s t X k,s ij,t E k,s j,t Y k,s i,t = t k,s ii,t φ k,s (1-σ k ) P k,s j,t Π k,s i,t 1-σ k
where the φ term reflects the fact that we observe only an empirical estimates of trade costs (instead of the true ones). The estimated CHB is thus given by the predicted values of the gravity model rescaled by sectoral expenditures and incomes. The predictions are from the gravity specification in eq (10). We first obtain CHB for goods and services separately (and for each market s) and then aggregate those to the country level using the product of sales and expenditure shares as weights, similar to [START_REF] Anderson | How Much Does Geography Deflect Services Trade? Canadian Answers[END_REF].

contrast to the 'full' general-equilibrium effect that takes into account the influence on trade flows through multilateral resistance terms, sales and expenditure.

This approach gives consistent estimates of the CHB index if the gravity equation is correctly specified, i.e. if the country-specific fixed effects are consistent estimates of their theoretical counterparts. [START_REF] Fally | Structural gravity and fixed effects[END_REF] shows that this automatically holds true when the Poisson pseudo-maximum-likelihood (PPML) estimator proposed by [START_REF] Silva | The Log of Gravity[END_REF] is employed and income and expenditure are consistent with bilateral trade flows

(i.e., Y k,s i,t = j X k,s ij,t ; E k,s j,t = i X k,s ij,t
). The peculiar properties of the estimator implies that the actual income and expenditure values equal the predicted ones, which should normally be used as both are endogenous in the general equilibrium gravity model. We thus employ the PPML estimator, which has the added advantages of controlling for heteroskedasticity in the data and statistically dealing with zero trade flows. The gravity equation in eq (6) is estimated separately for each market s and sector k, although covariances of the estimated coefficients are taken into account when testing significance of the difference in across public and private gravity.

To bring this empirical artillery to the data, we need information on bilateral trade that involves the public sector as a buyer, on a large enough sample of countries. Other studies that investigate trade barriers in government procurement employ data from inter-country input-output tables [START_REF] Riker | Government Consumption and Global Value Chains[END_REF][START_REF] Messerlin | EU public procurement markets: How open are they[END_REF] as these can split public expenditures from national accounts across type of goods and services purchased and country of origin. We thus follow this route and employ data from the TiVA initiative of the OECD. Similarly to other ICIO database (e.g., [START_REF] Timmer | The World Input-Output Database (WIOD): Contents, Sources and Methods[END_REF], the TiVA database harmonizes national IO tables and combines them with information from national accounts and bilateral trade statistics in goods and services to obtain an international input-output table (see OECD, 2013b for details). The estimation procedure allocates output from each country and sector to intermediate usage (by all sectors) or final demand across countries.

While far from perfect and inevitably rife with measurement errors (especially compared with official trade statistics), this type of data is the only one that enables international comparison of public expenditures across countries and sectors. 20 Data on procurement contracts that has been used in related work [START_REF] Herz | Border effects in European public procurement[END_REF]; [START_REF] Fronk | Do Procurement Agreements Increase Partners[END_REF]; see also footonote 5) are limited to one or to a group of countries (U.S. or the EU) and 20 An alternative approach that relies only on official trade statistics is used by [START_REF] Rickard | Think globally, buy locally: International agreements and government procurement[END_REF] (and adopted also by [START_REF] Gourdon | How Government Procurement Measures Can Affect Trade[END_REF]). It indirectly identifies the effect of trade barriers on cross-border government procurement by allowing the effect of bilateral factors on trade as recorded by official statistics to vary with the size of the government procurement sector by country. An important limitation of this approach in our setting is that it departs from a structural gravity model: total government purchases, that enter overall expenditure in the gravity equation, are allowed to influence the direct effect of trade costs. While harmonization of the two classifications at the sector-level can be problematic21 , the definitions of the goods and services aggregate sectors, and of the 'buying' sectors composing government entities did not change. We therefore conduct our analysis with the aggregates of goods and services. Table A1 in the Appendix lists the goods and services sectors that are included in the data. As for the country composition, Kazakhstan is included in the 2018 edition only, whereas Thailand never reports imports in public procurement (no imports are reported also in the Government Expenditures column). Therefore, we exclude both countries from the analysis. For simplicity, we also exclude the Rest-of-the-World aggregate that is part of the dataset.

To measure government procurement flows, we have to define the perimeter of the public sector. The OECD defines public procurement as "intermediate consumption (goods and services purchased by governments for their own use, such as accounting or IT services), gross fixed capital formation (acquisition of capital excluding sales of fixed assets, such as building new roads) and social transfers in kind via market producers (goods and services produced by market producers, purchased by government and supplied to households)" (OECD, 2013a, p.130). We cannot measure gross fixed capital formation by the public sector because the TiVA database, like other ICIO data, does not provide a split between public and private gross fixed capital formation. We measure social transfers in kind with the entries under the "General Government Expenditure" component of final demand. To measure intermediate consumption, we take the column vectors from the input-output matrix that correspond to government entities. The European Commission (2017) proposes three ways to define these entities in an input-output matrix: (i) a "narrow" classification that includes only the "Public Administration" column; (ii) a "typical" definition that adds the "Health" and "Education" columns to the "Public Administration" one; and (iii) a "broad" classification that adds to the "typical" one the columns that pertain to utilities, half of the columns with postal and telecommunication services, and one third of the land transport column. The empirical evidence that we present in this and in the next sections relies on the "typical" definition, and we check the robustness of our main results to the use of the "narrow" definition (the results are shown in the Appendix). Because the TiVA data are not detailed enough (i.e., land transportation is included in a broader "transport and storage" sector), we cannot appropriately implement the "broad" definition.

Once public procurement is defined, we identify a private market that is suitable for comparisons. The sum of the other columns in the ICIO table and the "Household expenditure" column in the final demand section is the most immediate and comparable definition of 'private procurement'. This choice can nevertheless lead to an overlapping with government procurement to the extent to which public authorities operate outside the "typical" definition of government (i.e., outside the Public Administration, Health, and Education columns). Such an overlap between the public and private markets should work against finding significant differences in trade barriers between the two.

Descriptive trends

Before turning to the empirical estimates of the gravity models, we investigate descriptive trends in the data. The objective here is twofold: (i) to identify patterns of expenditures across goods and services in public and private markets as these affect estimated home bias at the country-level; and (ii) to have a first look at trade barriers by looking at import penetration ratios. First, we compute the service expenditure share for each country in the 'typical' public and private markets as defined above. Figure 2 reports this share for 1995 and 2015, the first and the last years of our sample. One pattern stands out: government procurement is vastly about services. The average government in our sample devotes to services around 90 percent of total procurement purchases in 1995 and 2015. Importantly, the share of pubic purchases on various services is higher than the same share for the private market. We then turn to import penetration ratios defined as the value of imports divided by total expenditures. While purely descriptive, the measure has been used extensively to assess openness to trade, including in government procurement markets [START_REF] Messerlin | EU public procurement markets: How open are they[END_REF]. We compute the import penetration ratios by country and type of purchasing entities (public or private). Figure 3 While purely illustrative, this descriptive analysis delivers some messages that are relevant to the subsequent econometric analysis. Government procurement is mainly about services, which are generally less traded than goods. These two observations alone mechanically increase home bias in the public sector at the country level as services are weighted more in the public expenditure basket than in the private one. The sector-specific gravity model in eq (6) controls for this influence as it allows comparisons of estimates across public and private markets within the goods or services aggregate. The analysis of import penetration ratios indeed suggests that already within services, public markets are less open than private ones, with important heterogeneity across countries and over time.

The ensuing empirical analysis aims to investigate this variation further.

Empirical results

In this section, we discuss the estimates from the gravity equation ( 6) and the estimated CHB. The objective is to estimate the border effect in government procurement and the effect of TAs (relative to private markets) by applying the empirical framework described in section 3.

To make the analysis clearer and in line with the descriptive evidence, we sum up bilateral trade values over supplying sectors in a goods (including also primary sectors) and a services aggregates. To allow for adjustments over time in trade flows [START_REF] Piermartini | Estimating trade policy effects with structural gravity[END_REF], we use data from six years in four-year intervals (1995,1999,2003,2007,2011,2015). We report robustness checks by (i) leaving the dependent variable at the sector level (see Table A1 in the Appendix) and allowing for sector-specific multilateral resistances; and (ii) using the full 1995-2015 yearly panel of country pairs. For each specification and supplying sector, we report the estimates for the private market next to the ones for the government one to ease comparison. Coefficients in bold are significantly different (at the 10% level) across the two markets.

Gravity results

Tables 1 and 2 report the PPML gravity estimates for goods and services, respectively. In columns ( 1) and ( 2), we use the 'pooled' specification -controlling for exporter-year and importer-year fixed effects (see eq ( 7)). The large and significant coefficient on the 'same country' dummy (SM CT Y variable) gives a strong indication of home bias, especially in government procurement. All other trade cost variables (except for distance) are switched off for same-country pairs, so that the omitted category for the 'same country' variable includes country-pairs that have, for instance, no contiguous border, a different official language and are no EU members. For trade in goods (Table 1), the estimates in column

(1) imply that, relative to the omitted category, government procurement from local suppliers is around 30 times higher. In private markets, local sales are 23 times higher than international sales. As expected, the border effect is much larger in services, and significantly higher in government procurement than in private markets (Table 2). The estimates in column (1) suggest that government purchases of local services are almost a thousand times the purchases of services from abroad. The disproportionately large border effect in government procurement is only an indication of protectionist trade policies (e.g., 'buy-national' policies). Other characteristics that are specific to government contracts and that are not protectionist might still end up favouring local over foreign firms. In the U.S. for instance, set-aside policies that provide preferences for certain categories of firms (e.g., small and medium sized firms, veteran-or Native-owned firms) can indirectly exclude foreign bidders from competition.

The common language and legal origin dummy variables in the gravity equation can control, at least partially, for a local bias in government procurement due to cross-country differences in the legal language and procedure. The estimates indeed suggest that speaking the same official language increases significantly cross-border procurement, but the effect is not significantly different than the one on trade in private markets. Sharing the same type of legal system does not seem to affect trade flows. Coefficients on the other time-invariant determinants of trade costs have the expected sign and most of them are statistically significant. Distance has the usual depressing role on bilateral trade, regardless of whether the purchaser is a private or public entity. The negative effect is rather on the lower end of the range of distance effects found in the literature [START_REF] Disdier | The Puzzling Persistence of the Distance Effect on Bilateral Trade[END_REF] and, interestingly, it is significantly lower (in absolute terms) in goods and stronger in services for public compared to private purchases. Time-varying and policy-driven determinants of trade are included in columns ( 1) and ( 2) of Tables 1 and2 merely as controls. Omitted variable bias is likely to plague their partial effects on trade.

Columns (3) to (10) report the estimates of gravity models with country-pair fixed effects, which absorb the influence of all time-invariant determinants of trade flows (e.g., see the specification in eq (10)). As [START_REF] Baier | Do free trade agreements actually increase members' international trade[END_REF] argue, this specification attenuates the endogeneity concerns related to the coefficients on time-varying variables measuring changes in trade policy. The implied effects of trade agreements are 'partial' as the multilateral resistance terms, sales, and expenditure are taken as given.

Since many countries are part of multiple types of agreements relevant to government procurement (e.g., countries sign deep TAs with procurement provisions, while being part of the WTO GPA and -relevant to our sample of countries -of the EU), we assess the contribution of each type of agreement by adding them progressively to our specification. The PPML estimates in Table 1 point to weak effects of initiatives specific to government procurement (i.e., TAs with provisions on government procurement and WTO GPA) on trade in goods. The estimates in column (5) suggest that cross-border government procurement in goods goes up by 20 percent when two countries join an TA with procurement provisions, but the effect is actually lower than that of joining an TA without those provisions. The effect of the WTO GPA is instead null. Furthermore, we find that the effect of these policies that are meant to liberalize government procurement is even slightly lower than in private markets. These findings suggest that TAs have not been particularly instrumental in boosting cross-border procurement of goods. When it comes to goods trade, policies specific to procurement markets included in TAs might partly be proxying for the effect of provisions in other areas (e.g., non-tariff measures, investments).

Trade agreements have instead significant and important effects on cross-border government procurement in services. As Table 2 shows, most of the average trade effect of TAs is driven by those that have specific provisions on government procurement.

The estimates in column (5) imply that entering an TAs with provisions on government procurement boosts trade in public markets by 77 percent -the relative effect on private markets being only a 15 percent increase -compared to the 37 percent increase brought about by TAs without procurement provisions. Columns ( 7) and ( 9) show that part of this distinctive effect of procurement provisions is driven by other policy initiatives: WTO GPA and the EU. In particular, membership to the WTO GPA increases significantly cross-border public procurement of services -an effect that is even larger than that of TAs with procurement provisions. Entering the EU single market has promoted the most cross-border purchases of services by public authorities, as shown in column ( 9). Looking at the estimates for private markets, the positive effects of TAs with procurement provisions and of the WTO GPA disappear when we control for the EU dummy (column (10)): as expected, it is EU membership that boosts trade in services between firms, and not trade policies specific to government procurement.

Going from column (3) to column (9), the effect of deep TAs with procurement provisions is almost halved, suggesting that the trade creating effects of these TAs partly overlap with those of the WTO GPA and of the EU single market. The confounding effects of deep TAs and the WTO GPA is not surprising. [START_REF] Anderson | Regional Trade Agreements and Procurement Rules. Facilitators or Hindrances?[END_REF] find that the legal text of chapters on government procurement in preferential trade agreements is often similar to the one of the WTO GPA (especially of the revised GPA that entered into force in 2014).

In our sample of 62 countries, the likelihood that a country is part of a preferential trade agreement with provisions on government procurement with at least another country in a given year equals 95 percent for GPA members, and only 34 percent for non-GPA members.

In other words, almost all GPA signatories participate also in a TA with procurement provisions in our sample. The disproportionate presence of EU countries in our sample and the depth of trade agreements signed by the EU with other countries makes identification of separate effects of EU and TA memberships also problematic. Our gravity estimates for services thus indicate that each of these trade policies (preferential trade agreements, WTO GPA, and the EU) have a distinctive trade-creating effect when it comes to government procurement.

The evidence on the border effect and on the trade effects of TAs and their provisions is confirmed in three sets of robustness checks, whose results are reported in the Appendix.

Tables A2 andA3 show that the estimates of the gravity models are similar when we use an alternative "narrow" definition of government procurement, which excludes purchases recorded in the "Health" and "Education" columns in the TiVA input-output tables. Results

are confirmed also if we estimate the gravity models using the full yearly panel (Tables A4 andA5). 24 Finally, we confirm our baseline findings when the dependent variable is further disaggregated by the components of the goods and services sectors listed in Table A1. In Tables A6 andA7, the regressions control for country-industry-year fixed effects, consistent with an industry-level gravity model, while we maintain country-pair fixed effects, which reflect the assumption that trade costs vary across services and goods but not within each of the two aggregates. The estimates are close to the baseline ones in Tables 1 and2. One difference is that the results for goods are even weaker than in the baseline -e.g., WTO

GPA membership is now negatively associated with cross-border procurement. Note: All regressions include importer-year and exporter-year fixed effects. Columns (3) to ( 10) include also country-pair fixed effects. In columns ( 3) and ( 4), the T A dummy equals one if the two countries in the pair belong to the same TA (with or without provisions on government procurement). Data are for the years 1995, 1999, 2003, 2007, 2011 and 2015. Coefficients in bold are statistically different between the 'Gov.' and 'Priv.' regressions. Robust standard errors clustered at the country-pair level are in parentheses. Significant at: *10%, **5%, ***1% level. The baseline results rely on the use of dummy variables to identify the presence of provisions on government procurement in TAs. The DTA database of [START_REF] Mattoo | Handbook of Deep Trade Agreements[END_REF] however provides also detailed information on the inclusion of specific provisions in each TA. We thus exploit this information to gain a better understanding of the type of measures that can drive the average trade effect of covering government procurement in a TA. The database includes one hundred questions about the treatment of government procurement in the legal text of TAs. We consider the 'horizontal' depth of the government procurement chapters (if any) and exclude information about the treatment of certain provisions that are difficult to classify as moves towards opening up the market. 25 After this cleaning of the data, we end up with 39 distinct provisions on government procurement.

We perform two distinct exercises to assess the role of different types of provisions. First, we rely on the gravity model with bilateral fixed effects (see columns (3) to (10) in Tables 1 and2) to assess the trade effect of each provision on trade flows. Specifically, we run separate regressions of bilateral flows on an indicator variable for the presence of a provision, controlling for TAs with other government provisions, TAs without government procurement, WTO GPA and EU membership (the effect of the single provision is thus relative to a country pair that is not part of a TA at a given time). The results of this exercise are purely suggestive of the effect of each provision, because in reality many provisions come in clusters -this would create collinearity between the provision dummy and the dummy for the presence of other provisions on government procurement. In general, the presence of one provision can simply proxy for a broader liberalizing stance in government procurement (as captured by the general dummy variable used in the baseline results).

With this caveat in mind, we plot in figure A3 of the Appendix the statistically significant estimated coefficients when we consider government procurement in goods. The provision with the largest trade-creating effect concerns the disclosure of statistics and quantitative information of the country's procurement market. Provisions about the possibility to further expand coverage in the future ("Expansion coverage" and "Reduction discrimination") are among the most effective ones. Other provisions that should potentially be more relevant (e.g., whether the provisions in the procurement chapter are enforceable, or whether the chapter covers both goods and services) seem to have a lower effect, which might however be biased because these provisions are likely to trigger the adoption of other ones. Only the six provisions with largest coefficients have a qualitatively larger effect than in the baseline estimates, where all government provisions are bunched together (see Table 1).

Figure A4 shows the same results for services. Almost all provisions taken individually contribute significantly to cross-border government procurement of services. As for goods, provisions on the disclosure of information, the availability of electronic auctions and the absence of phase ins for developing countries are among those with the largest impact. The rest of provisions have however similar effects, thus suggesting that it is difficult to disentangle the contribution of each provision.

We then adopt a more disciplined approach where we group provisions sharing similar characteristics. The results of the provision-specific regressions suggest that initiatives aimed at enhancing transparency and making procedures more accessible have the highest trade impact. A common trait of these provisions is that, while included in preferential trade agreements, they do not discriminate against non-members -they have a public good component and hence non-member countries cannot be excluded from its use. For instance, firms from non-member countries can access new and more detailed information and statistics about procurement contracts that governments make available as a result of provisions in TAs. To identify the distinctive impact of these provisions, we construct a variable that captures the extent of importers' "unilateral" liberalization -i.e., liberalization in areas likely to benefit both trade agreement member countries as well as non-members. This variable is equal to the importer's share of provisions in government procurement areas related to transparency and procedural disciplines ever included in any of its trade agreements. 26The variable is unilateral as it only varies across importers and over time. To estimate its impact in a gravity framework, we follow recent work by [START_REF] Heid | Estimating the Effects of Non-discriminatory Trade Policies within Structural Gravity Models[END_REF]; [START_REF] Piermartini | Estimating trade policy effects with structural gravity[END_REF]; [START_REF] Beverelli | Institutions, Trade and Development: A Quantitative Analysis[END_REF] and add to our baseline specification (eq (10)) an interaction between the unilateral provision variable and the same-country dummy. 27As noted by these papers, crucial assumptions for identification are that the trade policy measure (i) does not discriminate across trading partners; and (ii) it does not affect domestic trade. Assumption (ii) might be violated in our setting -domestic firms might well benefit from, e.g., the availability of information on upcoming contracts or more transparent procedures -, thus affecting the significance and the sign of the coefficient on the interaction between the unilateral provision variable and the same-country dummy. We interpret this coefficient as indicating the extent to which deep commitments in government procurement affect domestic relative to international trade (see also [START_REF] Anderson | Dark costs, missing data: Shedding some light on services trade[END_REF] for a similar interpretation in a comparable exercise).

Tables 3 and4 present the results for goods and services, respectively. For goods, the estimates suggest that adopting non-discriminatory measures has a null or even positive effect on domestic vs. cross-border government procurement. In particular, the coefficient on the unilateral depth variable interacted with the same-country dummy turns positive in column (3) of Table 3, where we control for the influence of GDP and GDP per capita of the importer (as proxies for country size and economic development) on the border effect. This seemingly surprising result is confirmed in column ( 5), where we include interactions with a measure of the quality of institutions (the average across the six categories of the World Bank's World Governance Indicators (WGI) database, which is found to decrease the border effect, consistent with the evidence from Beverelli et al. ( 2018)), and with other TA variables that can have non-discriminatory effect -the EU and GPA dummies equal one if the importer is a member of these TAs. The positive and significant interaction effect found also for trade in private markets, where unilateral depth in procurement provisions should not matter, casts doubts on the reliability of these findings. All in all, the results indicate that domestic firms might take advantage of more transparent procedures and open data on government procurement in goods, a the expenses of foreign firms.

Different than for goods, results in services, where the border effect is found to be significantly larger in public than private markets (see columns (1) and (2) of Table 2), suggest that countries with deep provisions on government procurement are more open to international trade. The interaction effect in Table 4 is consistently negative and significant across specifications for public markets, and the effect becomes weaker as we control for size and economic development. As an indication that the unilateral depth measures captures policies relevant to government procurement in services, the interaction effect is in the baseline gravity equation would be regressed on the unilateral variable. not significant for private markets. We thus find that deep non-discriminatory provisions on government procurement in TAs have been instrumental in promoting cross-border procurement flows in services, where governments have been buying significantly more locally than firms.

An important result from Tables 3 and4 is that the bilateral trade policy effects become much lower and lose significance as we control for the unilateral components of TAs. One explanation for this intriguing result is that part of the bilateral component of the TA variables is actually unilateral, and hence not identified. Another way to read the finding is that most of the trade effect documented in the baseline specifications is actually non-discriminatory. Importantly, this is the case also for the EU dummy, which was the trade policy variable with the strongest effect in Tables 1 and2. The negative coefficient on the interaction between the same-country dummy and the EU indicator suggests that a substantial part of this effect comes from trade with both EU and non-EU countries. Note: All regressions include importer-year, exporter-year and country-pair fixed effects. Data are for the years 1995, 1999, 2003, 2007, 2011 and 2015. Coefficients in bold are statistically different between the 'Gov.' and 'Priv.' regressions. Robust standard errors clustered at the country-pair level are in parentheses. Significant at: *10%, **5%, ***1% level. Note: All regressions include importer-year, exporter-year and country-pair fixed effects. Data are for the years 1995, 1999, 2003, 2007, 2011 and 2015. Coefficients in bold are statistically different between the 'Gov.' and 'Priv.' regressions. Robust standard errors clustered at the country-pair level are in parentheses. Significant at: *10%, **5%, ***1% level.

Constructed Home Bias

As the estimates of the border effect in Tables 1 and2 suggest, government procurement is mostly local in spite of the liberalizing effects of trade agreements, especially in services.

The border effect however provides only a partial measure of home bias since it does not take into account the effects of (changes in) trade barriers in other countries -in a gravity model, these influences play out through the multilateral resistance terms (see eq (2)). To overcome this drawback, we estimate the Constructed Home Bias (CHB) index proposed by Anderson and Yotov (2010b) for government procurement and for private markets. The CHB measures how much trade frictions around the world interact in shifting up domestic trade relative to what would be observed in a counterfactual world without trade barriers, holding constant overall sales and expenditure. As such, it aims to capture the general equilibrium interactions of trade barriers (conditional on aggregate sales and expenditure) and hence goes beyond the 'partial equilibrium' view of local bias from the perspective of a single country. The index encompasses all types of trade frictions (both 'man-made' trade policies and structural barriers) and hence it cannot be interpreted as a measure of protectionism.

Estimated CHB indexes in public and private markets are constructed as in eq (11) separately for goods and services. The fixed-effects specification of the trade cost function in eq (10) (whose estimates are reported in columns ( 9) and (10) of Tables 1 and2) is used in the estimation as it controls for all time-invariant factors that can affect bilateral trade. 28We first address the question of whether home bias in government procurement is higher than in private markets. Perhaps not surprisingly, the answer is a strong (but not resounding) "Yes". Figure 4 shows scatter plots of the estimated CHB index in government procurement against the same index for private markets, for goods and services. We take logs of both variables in order to smooth out the visual effect of some extreme outlier. Governments are generally more home biased than firms in their purchasing strategies as most of the observations lie above the 45 degree lines. Government home bias is higher than the private one for 67 percent of the country-year observations in goods, and a similar 62 percent in services. To better appreciate differences across public and private markets as well as heterogeneity across countries, Table A2 in the Appendix reports the values of the estimated CHB indexes for goods. Home bias in government procurement is on average 35% higher than home bias in private markets throughout the period. Looking at the average CHBs throughout the period, some differences emerge across countries. Similarly to what Anderson and Yotov (2010a) find for total trade, CHB is massive for small countries like Cambodia, Cyprus, and Brunei. This is because these countries naturally trade a lot with other countries and thus a high share of their income goes through bilateral trade barriers around the world, driving up the multilateral resistance terms. At the other end of the spectrum, CHBs are the lowest for large countries such as the U.S., Japan and China. While governments are more home biased than firms in their purchases of goods, their CHBs have declined more strongly. Only 22 out of 62 countries in our sample experienced an increase in government home bias, whereas CHBs in private markets went up for 32 countries. On average, home bias in government procurement of goods is 10 percent lower in 2015 relative to 1995. In private markets, the average home bias went up on average by 15 percent. Table A3 in the Appendix reports estimated CHBs for services. As for goods, government procurement in services is more home biased than services purchases by private firms -on average, government CHBs are 18 percent higher than private CHBs. Between 1995 and 2015, home bias in government procurement of services went up in only 19 countries out of 62 in our sample -a share similar to that for private markets. The average CHB in government procurement is 11 percent lower in 2015 relative to 1995, a decrease that follows the one observed in goods. Unlike for goods, home bias in services went down on average also for private markets.

The estimated CHB indexes are then aggregated at the country level as weighted sum of the sectoral CHBs, where the weights are equal to their expenditure-times-sales shares (see [START_REF] Anderson | How Much Does Geography Deflect Services Trade? Canadian Answers[END_REF]). Figure 5 plots the country-level government CHBs against the private ones. At the country level, government procurement markets are even more home biased than at the sectoral level. Government home bias is 70 percent higher than private home bias on average (government CHB is higher than private CHB in 71 percent of the country-year observations). This finding suggests that governments spend more (relative to private firms) on aggregate sectors that are more home biased. This composition effect contributes to the already important difference in home bias across government and private markets at the sector level. Table A10 in the Appendix reports the country-level CHB indexes for government procurement and private firms. The last two columns give the percent change in the CHB for each country in the sample. These numbers are showed graphically in Figure 6. At the aggregate level like at the sector level, we find that home bias in government procurement has gone down over time -the average change equals a 11 percent decrease (remarkably similar to the changes observed in the goods and in the services sectors), and more so than in private markets. Large variation however emerges across countries. The largest percent increases in government home bias are observed among developed economies -e.g., Japan, Germany and France. These countries have however also low levels of CHBs. Developing countries such as China, Vietnam and India report the largest drops in government home bias. Interestingly given the large trade effect of the EU single market (see Tables 1 and2), most old EU member states experience an increase in home bias in government procurement during the sample period, whereas home bias went down in countries that entered the EU during the period (Croatia being the exception). Overall, the analysis using the CHB indexes reveals that, while government procurement is significantly more home biased than private purchases, it has gone down faster. Important heterogeneity however emerges across countries. While the gravity results suggest that TAs have partly raised cross-border government procurement, the CHB values remind us that government procurement remains vastly home biased, even if the trends show a slow opening up to trade.

Concluding remarks

This paper estimates trade barriers in government procurement. In doing so, it analyses the role of trade agreements to see if and how much they have contributed to reduce those barriers.

Using new Inter-Country Input-Output (ICIO) tables from the TiVA database for 62 countries between 1995 and 2015, we obtain estimates of government purchases across sectors and countries of origin and use those in a standard gravity model. The estimates suggest that governments are significantly more local in their purchasing decisions than private firms. The border effect is large and significantly higher for public markets, especially in services. Yet, we find that trade agreements and the EU single market in particular have contributed to the opening up of government procurement, with the effect being robust in services. Non-discriminatory provisions specific to government procurement are driving the trade-creating effect of TAs in services, whereas the effects are overall weak in goods.

The estimates from the gravity model are then used to estimate indexes of home bias in government procurement and private markets. These measures capture the overall tendency to trade locally rather than internationally, and hence include also factors other than protectionist trade policies. Home bias is larger in government procurement than in private markets. Two mechanisms can account for this difference: (i) governments being on average more home biased than firms in purchases of both services and goods; and (ii) governments spending relatively more on sectors (goods and services) that are more home biased. We find that this difference is however shrinking over time: home bias in government procurement is declining faster than home bias in private markets.
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Table A3: PPML Gravity estimates, Services, "narrow" definition.

( Note: All regressions include importer-year and exporter-year fixed effects. Columns (3) to (10) include also country-pair fixed effects. In columns (3) and (4), the T A dummy equals one if the two countries in the pair belong to the same TA (with or without provisions on government procurement). Data are for the years 1995, 1999, 2003, 2007, 2011 and Note: All regressions include importer-year and exporter-year fixed effects. Columns (3) to (10) include also country-pair fixed effects. In columns (3) and ( 4), the T A dummy equals one if the two countries in the pair belong to the same TA (with or without provisions on government procurement). Data are for all years between 1995 and 2015. Coefficients in bold are statistically different between the 'Gov.' and 'Priv.' regressions. Robust standard errors clustered at the country-pair level are in parentheses. Significant at: *10%, **5%, ***1% level. Note: All regressions include importer-year and exporter-year fixed effects. Columns (3) to (10) include also country-pair fixed effects. In columns (3) and (4), the T A dummy equals one if the two countries in the pair belong to the same TA (with or without provisions on government procurement). Data are for all years between 1995 and 2015. Coefficients in bold are statistically different between the 'Gov.' and 'Priv.' regressions. Robust standard errors clustered at the country-pair level are in parentheses. Significant at: *10%, **5%, ***1% level. Note: All regressions include importer-sector-year and exporter-sector-year fixed effects. Columns (3) to (10) include also country-pair fixed effects. In columns (3) and ( 4), the T A dummy equals one if the two countries in the pair belong to the same TA (with or without provisions on government procurement). Data are for the years 1995, 1999, 2003, 2007, 2011 Note: All regressions include importer-secotr-year and exporter-sector-year fixed effects. Columns (3) to (10) include also country-pair fixed effects. In columns (3) and ( 4), the T A dummy equals one if the two countries in the pair belong to the same TA (with or without provisions on government procurement). Data are for the years 1995, 1999, 2003, 2007, 2011 and 2015. The dependent variable is at the sector level (Table A1 reports the list of sectors). Coefficients in bold are statistically different between the 'Gov.' and 'Priv.' regressions. Robust standard errors clustered at the country-pair level are in parentheses. Significant at: *10%, **5%, ***1% level. Note: The bars represent estimated coefficient on a dummy for the presence of the indicated provision. The dependent variable of the gravity model is bilateral flows in government procurement. Controls include a dummy for TAs without government procurement, a dummy for TAs with provisions other than the one being 'tested', a dummy for membership in the WTO GPA, and an EU dummy. All regressions include exporter-year, importer-year and country-pair fixed effects. 

Figure 1 :

 1 Figure 1: Number of TAs with and without enforceable provisions in government procurement

  hence would make identification of the effect of different TAs problematic. We combine the 2018 and 2016 editions of the TiVA database to obtain data on 62 countries, for goods and services, between 1995 and 2015. The 2016 edition covers the 1995-2011 period, while the 2018 edition covers the 2005-2015 period. We employ data from the 2016 edition from 1995 to 2004, and data until 2015 from the latest edition. The sector classifications in the two editions are not fully compatible. The 2018 edition uses the ISIC Rev. 4 classification, whereas the 2016 edition is based on the ISIC Rev. 3 one.
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 2 Figure 2: Services share of purchases in public and private markets
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 3 Figure 3: Government import penetration/ Private import ratio by country
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  Figure 4: CHB indexes by sector
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  Figure 5: CHB indexes at the country level
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 5 Figure 5: Relative change in CHB indexes at the country level between 2015 and 1995
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 A1 Figure A1: Services share of purchases in public and private markets. "Narrow" definition

Figure A2 :

 A2 Figure A2: Government import penetration/ Private import ratio by country. "Narrow" definition.

Figure A3 :

 A3 Figure A3: Trade effect of single provisions on government procurement -Goods

  X k,s ij denote the value of shipments of good or service k from country i to market (public or private) s of country j. Trade is subject to a variable cost factor t k,s ij > 1 of iceberg type.

	Given factory gate prices of p k,s i , destination prices are p k,s ij ≡ p k,s i t k,s ij . Let E k,s j	denote public
	or private expenditure on good type k in country j and Y k,s i	the income that suppliers in i
	derive from selling good k to market s.	
	Governments choose their optimal demand for intermediate input k from country i in
	order to minimize costs subject to a CES technology, which, for simplicity, is assumed to
	be equal across public and private markets. The different varieties of intermediate inputs
	are thus assembled in a composite public good that is transferred to consumers. Consumers
	derive utility from this public good and a private good aggregate transferred by the
	private firms. 10 Invoking the "trade separability" assumption (Anderson and van Wincoop,
	2004), we require only that the allocation of resources across private and public goods
	can be separated from the allocation of income and expenditures within type (k, s) across
	countries. 11 Under this assumption, the government's problem can be partitioned solved in
	two steps. In a first step, the government chooses the level of aggregate expenditure and
	thus taxation that maximize household's utility	

  market s price index of good type k -i.e. the unit cost that market s faces to buy a bundle k of intermediate input varieties. The term σ k > 1 is the elasticity of substitution between varieties of intermediate good class k and is

	assumed to be equal across public and private market. Using market clearance on the supply
	side, Y k,s i

  reports the ratio of public to private import penetration ratios for goods and services. A value greater than one suggests that public markets are more open than private ones. Public markets are less open than private ones in services for all countries, while for goods the picture is more nuanced. Between 1995 and 2015, relative openness of government procurement in services increases, whereas it slightly decreases on average for goods.23 

Table 1 :

 1 PPML Gravity estimates, Goods

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
		Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.
	Same country	3.439***	3.147***								
		(0.176)	(0.187)								
	Contiguity	0.239**	0.280**								
		(0.121)	(0.126)								
	Common language	0.352***	0.277***								
		(0.108)	(0.101)								
	Colony	0.290*	0.385								
		(0.159)	(0.240)								
	Ln Distance	-0.651*** -0.812***								
		(0.049)	(0.051)								
	Common legal origin	-0.002	0.041								
		(0.083)	(0.082)								
	TA	-0.086	0.038	0.214*** 0.294*** 0.384** 0.318*** 0.385** 0.318*** 0.381** 0.314***
		(0.120)	(0.135)	(0.042)	(0.037)	(0.152)	(0.098)	(0.152)	(0.098)	(0.152)	(0.098)
	TA w/ procurement	0.168	0.269**			0.191*** 0.288*** 0.212*** 0.274*** 0.163*** 0.218***
		(0.106)	(0.121)			(0.043)	(0.038)	(0.045)	(0.041)	(0.048)	(0.039)
	WTO GPA	0.596***	0.362***					-0.071	0.044	-0.171***	-0.088
		(0.119)	(0.124)					(0.055)	(0.054)	(0.052)	(0.063)
	EU	0.064	0.126							0.499*** 0.575***
		(0.118)	(0.105)							(0.090)	(0.069)
	Obs	20,886	20,886	20,886	20,886	20,886	20,886	20,886	20,886	20,886	20,886

Table 2 :

 2 PPML Gravity estimates, Services

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
		Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.
	Same country	6.992*** 5.802***							
		(0.183)	(0.196)							
	Contiguity	0.186	0.394***							
		(0.114)	(0.128)							
	Common language	0.647***	0.608***							
		(0.106)	(0.102)							
	Colony	0.674***	0.890***							
		(0.184)	(0.180)							
	Ln Distance	-0.446*** -0.380***							
		(0.053)	(0.057)							
	Common legal origin	0.075	0.067							
		(0.071)	(0.081)							
	TA	0.353**	0.401*** 0.543*** 0.087** 0.318*** -0.207** 0.317*** -0.206** 0.314*** -0.208**
		(0.158)	(0.144)	(0.057)	(0.041)	(0.086)	(0.100)	(0.085)	(0.099)	(0.085)	(0.099)
	TA w/ procurement	-0.104	-0.071			0.572*** 0.148*** 0.390*** 0.094** 0.326***	0.034
		(0.118)	(0.121)			(0.064)	(0.041)	(0.056)	(0.043)	(0.056)	(0.044)
	WTO GPA	1.001*** 0.736***					0.427*** 0.132*** 0.302***	0.041
		(0.113)	(0.105)					(0.058)	(0.049)	(0.055)	(0.052)
	EU	0.032	0.110							0.669*** 0.337***
		(0.128)	(0.116)							(0.085)	(0.065)

Table 3 :

 3 PPML Gravity estimates: unilateral depth in trade agreements. Goods

	(1)

Table 4 :

 4 PPML Gravity estimates: unilateral depth in trade agreements. Services

	(1)	(2)	(3)	(4)	(5)	(6)
	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.

Table A2 :

 A2 PPML Gravity estimates, Goods, "narrow" definition.

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
		Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.
	Same country	3.439***	3.147***								
		(0.176)	(0.187)								
	Contiguity	0.239**	0.280**								
		(0.121)	(0.126)								
	Common language	0.352***	0.277***								
		(0.108)	(0.101)								
	Colony	0.290*	0.385								
		(0.159)	(0.240)								
	Ln Distance	-0.651*** -0.812***								
		(0.049)	(0.051)								
	Common legal origin	-0.002	0.041								
		(0.083)	(0.082)								
	TA	-0.086	0.038	0.214*** 0.294***	0.384**	0.318***	0.385** 0.318*** 0.381** 0.314***
		(0.120)	(0.135)	(0.042)	(0.037)	(0.152)	(0.098)	(0.152)	(0.098)	(0.152)	(0.098)
	TA w/ procurement	0.168	0.269**			0.191*** 0.288*** 0.212*** 0.274*** 0.163*** 0.218***
		(0.106)	(0.121)			(0.043)	(0.038)	(0.045)	(0.041)	(0.048)	(0.039)
	WTO GPA	0.596***	0.362***					-0.071	0.044	-0.171***	-0.088
		(0.119)	(0.124)					(0.055)	(0.054)	(0.052)	(0.063)
	EU	0.064	0.126							0.499*** 0.575***
		(0.118)	(0.105)							(0.090)	(0.069)
	Obs	23,064	23,064	23,064	23,064	23,064	23,064	23,064	23,064	23,064	23,064

Table A4 :

 A4 PPML Gravity estimates, Goods, full sample.

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
		Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.
	Same country	3.460***	3.128***								
		(0.166)	(0.187)								
	Contiguity	0.238**	0.290**								
		(0.120)	(0.127)								
	Common language	0.360***	0.287***								
		(0.110)	(0.101)								
	Colony	0.323**	0.396*								
		(0.161)	(0.236)								
	Ln Distance	-0.646*** -0.819***								
		(0.048)	(0.052)								
	Common legal origin	-0.003	0.038								
		(0.081)	(0.081)								
	TA	-0.095	0.037	0.167*** 0.268***	0.329**	0.275***	0.330** 0.275*** 0.326** 0.272***
		(0.118)	(0.136)	(0.042)	(0.037)	(0.130)	(0.088)	(0.130)	(0.088)	(0.130)	(0.088)
	TA w/ procurement	0.163	0.227*			0.142*** 0.266*** 0.156*** 0.258*** 0.102** 0.190***
		(0.107)	(0.126)			(0.043)	(0.039)	(0.047)	(0.046)	(0.049)	(0.044)
	WTO GPA	0.602***	0.378***					-0.051	0.024	-0.169*** -0.118*
		(0.116)	(0.123)					(0.062)	(0.062)	(0.058)	(0.068)
	EU	0.079	0.083							0.467*** 0.565***
		(0.118)	(0.105)							(0.089)	(0.073)
	Obs	80,724	80,724	80,724	80,724	80,724	80,724	80,724	80,724	80,724	80,724

Table A5 :

 A5 PPML Gravity estimates, Services, full sample.

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
		Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.
	Same country	6.977*** 5.781***								
		(0.181)	(0.195)								
	Contiguity	0.190*	0.390***								
		(0.112)	(0.128)								
	Common language	0.636***	0.612***								
		(0.103)	(0.102)								
	Colony	0.676***	0.888***								
		(0.180)	(0.176)								
	Ln Distance	-0.455*** -0.391***								
		(0.054)	(0.057)								
	Common legal origin	0.077	0.066								
		(0.069)	(0.080)								
	TA	0.368**	0.426*** 0.479*** 0.069* 0.277*** -0.199** 0.275*** -0.199** 0.273*** -0.201**
		(0.165)	(0.151)	(0.049)	(0.037)	(0.074)	(0.083)	(0.074)	(0.083)	(0.074)	(0.083)
	TA w/ procurement	-0.116	-0.092			0.509*** 0.134*** 0.368*** 0.095** 0.317***	0.039
		(0.117)	(0.123)			(0.057)	(0.038)	(0.053)	(0.043)	(0.052)	(0.045)
	WTO GPA	0.996***	0.753***					0.342*** 0.098* 0.233***	0.006
		(0.110)	(0.105)					(0.061)	(0.051)	(0.063)	(0.055)
	EU	0.007	0.071							0.598*** 0.314***
		(0.126)	(0.114)							(0.086)	(0.065)
	Obs	80,724	80,724	80,724	80,724	80,724	80,724	80,724	80,724	80,724	80,724

Table A6 :

 A6 PPML Gravity estimates, Goods, sector-level trade data.

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
		Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.
	Same country	3.457***	3.218***								
		(0.153)	(0.178)								
	Contiguity	0.138	0.228*								
		(0.120)	(0.125)								
	Common language	0.412***	0.306***								
		(0.106)	(0.105)								
	Colony	0.370**	0.427*								
		(0.162)	(0.222)								
	Ln Distance	-0.751*** -0.895***								
		(0.046)	(0.051)								
	Common legal origin	0.016	0.105								
		(0.069)	(0.078)								
	TA	-0.091	0.052	0.147*** 0.265***	0.263	0.270***	0.265*	0.270***	0.255	0.262***
		(0.106)	(0.126)	(0.044)	(0.037)	(0.160)	(0.092)	(0.160)	(0.092)	(0.160)	(0.092)
	TA w/ procurement	0.128	0.281**			0.132*** 0.264*** 0.178*** 0.251*** 0.105** 0.176***
		(0.099)	(0.122)			(0.044)	(0.039)	(0.050)	(0.043)	(0.050)	(0.038)
	WTO GPA	0.698***	0.417***					-0.157**	0.035	-0.308*** -0.129*
		(0.116)	(0.126)					(0.074)	(0.062)	(0.082)	(0.078)
	EU	0.090	0.211**							0.582*** 0.617***
		(0.124)	(0.096)							(0.102)	(0.082)
	Obs	230,330	230,454	230,330	230,454	230,330	230,454	230,330	230,454	230,330	230,454

  and 2015. The dependent variable is at the sector level (TableA1reports the list of sectors). Coefficients in bold are statistically different between the 'Gov.' and 'Priv.' regressions. Robust standard errors clustered at the country-pair level are in parentheses. Significant at: *10%, **5%, ***1% level.

Table A7 :

 A7 PPML Gravity estimates, Services, sector-level trade data.

		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10)
		Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.	Gov.	Priv.
	Same country	7.056*** 5.802***								
		(0.173)	(0.192)								
	Contiguity	0.147	0.386***								
		(0.108)	(0.127)								
	Common language	0.639***	0.584***								
		(0.097)	(0.103)								
	Colony	0.487***	0.741***								
		(0.166)	(0.167)								
	Ln Distance	-0.506*** -0.403***								
		(0.051)	(0.056)								
	Common legal origin	0.094	0.077								
		(0.066)	(0.079)								
	FTA w/out procurement	0.244*	0.357**	0.508*** 0.095** 0.276*** -0.199** 0.274*** -0.199** 0.270*** -0.202**
		(0.145)	(0.142)	(0.047)	(0.038)	(0.070)	(0.080)	(0.069)	(0.080)	(0.069)	(0.080)
	FTA w/ procurement	-0.126	-0.062			0.539*** 0.157*** 0.372*** 0.099** 0.320***	0.042
		(0.109)	(0.120)			(0.053)	(0.040)	(0.043)	(0.041)	(0.042)	(0.042)
	WTO GPA	1.060*** 0.742***					0.424*** 0.145*** 0.322***	0.057
		(0.107)	(0.106)					(0.050)	(0.044)	(0.049)	(0.045)
	EU	0.020	0.119							0.611*** 0.334***
		(0.123)	(0.113)							(0.076)	(0.060)
	Obs	184,512	184,512	184,512	184,512	184,512	184,512	184,512	184,512	184,512	184,512

We use the terms "government", "public sector" and "public authorities" interchangeably to indicate public institutions that are buyers in the public procurement market.

We include only policies that the GTA database classifies as "red" (i.e., that almost certainly discriminate against foreign firms) in the following policy areas: "Government Procurement: Domestic Price Preference", "Government Procurement: Local Content Requirement", "Government Procurement: Market Access Restrictions" and "Government Procurement: Tendering Process". These protectionist measures involve around 2500 country pairs (one country implementing the policy measure and the other being among the targets) per year.

[START_REF] Cole | Protection in government procurement auctions[END_REF] extends the model of[START_REF] Mcafee | Government procurement and international trade[END_REF] to establish an equivalence between price preferences in procurement auctions and import tariffs.

[START_REF] Gourdon | How Government Procurement Measures Can Affect Trade[END_REF] estimate the effect of TAs on the value of procurement contracts awarded by the EU on non-EU firms using both contract-level and aggregate data. Their set of TAs is thus limited to those signed by the EU.

The TED (Tenders Electronic Daily) database includes contracts awarded by public authorities (at the national and sub-national level) in countries of the European Economic Area and by EU institutions. Reporting is a requirement if the value of the contract is above a certain threshold (around 5 million euros

Another approach to measure trade cost is to solve the gravity equation in (2) for bilateral trade costs t ij 's[START_REF] Novy | Gravity Redux: Measuring International Trade Costs With Panel Data[END_REF]. This measure however does not directly relate to the concept of home bias and, more importantly, is based on actual data. As we expect important measurement error to affect our data, we consider this approach in our application inferior to the CHB one.

Holding taxation fixed, sales and expenditure would vary between the baseline, observed scenario and a counterfactual one because factory gate prices (and, in a supply-side model, factor prices) would change in response to changes in the levels of trade barriers.

See this note: http://www.oecd.org/industry/ind/tiva-2018-differences-tiva-2016.pdf from the OECD on the subject.

This pattern is confirmed when we adopt the "narrow" definition of government procurement, as shown in FigureA1in the Appendix.

When using the "narrow" definition of government procurement in Figure2in the Appendix, we find similar results: if anything, the relative government import penetration is lower especially in services.

[START_REF] Egger | Gravity-Model Estimation with Time-Interval Data: Revisiting the Impact of Free Trade Agreements[END_REF] argue for the use of annual data for the estimation of the dynamic trade effects of TAs. Their results nonetheless confirm that using annual or time-interval data does not affect substantially the contemporaneous effects, which are the focus of our paper. Future work might investigate the anticipated and lagged effects of trade agreements on cross-border government procurement.

Obs20,886 20,886 20,886 20,886 20,886 20,886 20,886 20,886 20,886 20,886 Note: All regressions include importer-year and exporter-year fixed effects. Columns (3) to (10) include also country-pair fixed effects. In columns (3) and (4), the T A dummy equals one if the two countries in the pair belong to the same TA (with or without provisions on government procurement). Data are for theyears 1995, 1999, 2003, 2007, 2011 and 2015. Coefficients in bold are statistically different between the 'Gov.' and 'Priv.' regressions. Robust standard errors clustered at the country-pair level are in parentheses. Significant at: *10%, **5%, ***1% level.

We drop questions that measure 'vertical' depth -i.e., those about the content of phasing in provisions for developing countries, that compare the content of the provision with the corresponding article of the (revised) WTO GPA, and combine some questions that are mutually exclusive (e.g., whether the chapter covers only goods or goods and services).

These areas include requirements that information on the procurement laws and regulations is published and publicly available and the promotion of electronic auctions. The questions that form the DTA indicator variables on the content of TAs in government procurement cover eight areas: overview, non-discrimination, coverage, procedural disciplines, transparency, dispute settlement, and new issues.

[START_REF] Sellner | Non-discriminatory Trade Policies in Panel Structural Gravity Models: Evidence from Monte Carlo Simulations[END_REF] finds that this approach to identify the effects of non-discriminatory trade policies outperforms other methods such as a two-step estimator where estimates of the importer-year fixed effects

Note that under that specification t k,s ii,t = t k,s jj,t ∀i, j, i.e. the border effect is equal across countries. Estimated trade costs worldwide affect the CHB via the multilateral resistance terms.

on Deep Trade Agreements for useful comments. This paper is part of World Bank's ongoing work on Deep Trade Agreements and a background paper for the flagship report on Global Public Procurement and Development Impact. This paper has benefited from support from the World Bank's Umbrella Facility for Trade trust fund financed by the governments of the Netherlands, Norway, Sweden, Switzerland and the United Kingdom. Lorenzo Rotunno acknowledges funding received from the French National Research Agency Grants ANR-17-EURE-0020. Errors are our responsibility only. The findings, interpretations, and conclusions expressed in this paper are entirely those of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and its affiliated organizations,

Appendix

Table A1: List of sectors.

Aggregate sector Sector ISIC Rev 3 (1995[START_REF] Chen | Intra-national versus international trade in the European Union: why do national borders matter[END_REF]) ISIC Rev 4 (2005[START_REF] Fally | Structural gravity and fixed effects[END_REF] Figure A4: Trade effect of single provisions on government procurement -Services Note: The bars represent estimated coefficient on a dummy for the presence of the indicated provision. The dependent variable of the gravity model is bilateral flows in government procurement. Controls include a dummy for TAs without government procurement, a dummy for TAs with provisions other than the one being 'tested', a dummy for membership in the WTO GPA, and an EU dummy. All regressions include exporter-year, importer-year and country-pair fixed effects Note: Constructed Home Bias indexes estimated from the specifications in columns ( 7) and ( 8), Table 3.