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General Introduction

Structural transformation, the transfer of economic activity from agriculture to manufacturing and later on to services, is now recognized as an almost universal trait of economic development.

It is usually summarized in three stylized facts [START_REF] Sen | Structural Transformation around the World: Patterns and Drivers[END_REF], sometimes referred to as the "Kuznet's facts" [START_REF] Kongsamut | Beyond Balanced Growth[END_REF] in analogy with the well-known Kaldor's facts:

-the share of employment and value-added in agriculture decreases over time;

-the share of employment and value-added in industry is hump-shaped; -the share of employment and value added in services increases over time.

These stylized facts are illustrated in Figure 1 below. This long-run transformation of economic activity has had a tremendous impact on various components of the daily lives of individuals. In the traditional agrarian economy, the primary economic unit is the farming household and the primary form of wealth is land. Industrialization changed the jobs and skills of the majority of people but also brought a change in the general organization of society. The rise of impersonal economic organizations (companies) has transformed family labor into wage labor, changing dramatically our practical understanding of work. The rapid urbanization has changed our lifestyles under the influence of higher population densities. The stronger concern for technical progress has prompted governments to invest massively in education, so that successive generations of workers could adapt to new waves of technology. Finally, the bulk of wealth has changed from land to physical and human capital, changing the nature of the economic elite.

In the last 50 years, deindustrialization and the emergence of services has not brought minor changes either. The quasi-disparition of manual labor, the marketization of business services, the rise of information technologies, are only some of them. In the future, the gradual replacement of numerous jobs by artificial intelligence is yet another structural transformation that will likely bring major changes to our daily lives. General Introduction to achieve this. But the reservoir of potential savings had to be increased through improvements in agricultural productivity first. Third, the transfer of labor from agriculture to the capitalist sector was not seen as problematic, given that most authors believed that underemployment was a massive phenomenon in agriculture. For example, this vision led Arthur [START_REF] Lewis | Economic Development with Unlimited Supplies of Labour[END_REF] to hypothesize that developing countries were facing "unlimited supplies of labor" at the prevailing subsistence wage.

These earlier works were predominantly empirical and did not build on formalized models, to the exception of a small literature of dual economy models. Here are a few notable examples.

In 1961, Jorgenson, asking under which conditions an agricultural surplus can emerge, highlighted the balance between population growth and agricultural productivity growth as the main mechanism of industrialization. In 1967, Baumol identified structural change as the result of unbalanced productivity growth among sectors. Baumol assumes the existence of a "dynamic sector" with positive labor productivity growth and a "stagnant sector" with no labor productivity growth. In the long run, if both sector's output grow at the same pace, the entire labor force will shift to the stagnant sector. In 1970, Harris and Todaro formalized rural-urban migration as the result of the expected wage differential between rural and urban areas, and showed that the existence of a minimum wage in urban areas is a major source of inefficiency for both agricultural and industrial production, as well as the source of urban unemployment. In 1987, Murphy et al. argued that industry is characterized by increasing returns and that a strong prior development in exports or in agriculture is necessary to grow a large domestic demand for the industrial firms to break even.

The modern literature of structural change started in the early 1990s. This literature slowly emerged from growth theory by questioning some of its usual assumptions [START_REF] Gabardo | The incorporation of structural change into growth theory: A historical appraisal[END_REF].

The first of these is the formalization of the economy as a unique sector of production producing a single final good (despite the possibility of many intermediate inputs). This abstraction was meant to focus on the key determinants of growth such as savings, technical progress and human capital. In return, it was impossible to outline changes relative to the size of economic sectors.

Almost as important is the abandon of homothetic preferences as the regular framework of analysis. With homothetic preferences, the income elasticity of demand is the same for all goods and the structure of consumption is independent of income. For instance, poor and rich households would spend the same share of their budget on food consumption. Changes in the structure of consumption could not be identified as a source of structural change. Lastly, even when several production sectors were considered, they would all grow at the same rate so that the economy would expand by simply scaling up, without resources being transferred from one sector to another [START_REF] Aghion | Endogenous Growth Theory[END_REF]. The subsequent literature has highlighted many ways in which sectoral dynamics could differ.

The modern literature of structural change is usually split between demand-side and supplyside theories. Demand-side theories are built on the assumption of non-homothetic preferences, and the transfer of labor and value-added out of agriculture is explained by Engel's law, i.e. an income elasticity of demand for agricultural goods less than one. More generally, the transfer of resources from one sector to another is explained by shifts in consumption as income rises. In the long-run, sectors with income elasticity of demand higher than or equal to one concentrate the entire supply of capital and labor (in relative terms). These theories form the bulk of the structural change literature today (e.g. [START_REF] Matsuyama | Agricultural productivity, comparative advantage, and economic growth[END_REF], [START_REF] Echevarria | Changes in Sectoral Composition Associated with Economic Growth[END_REF], [START_REF] Park | Transitional Dynamics of Structural Changes[END_REF], [START_REF] Laitner | Structural Change and Economic Growth[END_REF], [START_REF] Caselli | The U.S. Structural Transformation and Regional Convergence: A Reinterpretation[END_REF], [START_REF] Kongsamut | Beyond Balanced Growth[END_REF], [START_REF] Gollin | The Role of Agriculture in Development[END_REF] and [START_REF] Vollrath | The agricultural basis of comparative development[END_REF]).

Supply-side theories are built on the assumption that the rate of technical progress differs across sectors, which in turn affects the relative prices of consumer goods. Sectors with faster technical progress see their relative price fall compared to the relatively stagnant sectors. If the consumers' budget shares are sensitive to prices, i.e. if the elasticity of substitution between goods is not one, then a change in price shifts the pattern of consumption and generates structural change. If goods are complements (the elasticity of substitution is less than one), then capital and labor gradually shift to the sector with the lowest productivity growth. If goods are substitute (the elasticity of substitution is greater than one), then in contrast capital and labor shift to the sector with the highest productivity growth. This mechanism was highlighted by [START_REF] Ngai | Structural Change in a Multisector Model of Growth[END_REF], and is present in more recent models of structural change that include both demand and supply-side components such as [START_REF] Uy | Structural change in an open economy[END_REF] and [START_REF] Boppart | Structural Change and the Kaldor Facts in a Growth Model With Relative Price Effects and Non-Gorman Preferences[END_REF]. To sum up, supply-side theories rely on price effects, while demand-side theories rely on income effects.

In addition to these fundamental determinants of structural change, other mechanisms have been put forward. [START_REF] Acemoglu | Capital Deepening and Nonbalanced Economic Growth[END_REF] show that structural change can be explained by different capital intensities across sectors. When capital accumulates, the sectors that are more capital intensive see their relative output grow and their relative price fall. If final goods General Introduction are complements, consumption expenditure will shift away from the sectors with higher capital intensity, and with it, capital and labor. Acemoglu and Guerrieri thus provide another explanation for price effects. [START_REF] Ngai | Structural Change in a Multisector Model of Growth[END_REF] show that structural change between final goods sectors and capital goods sectors can occur as a result of a change in the investment rate. If the investment rate (investment per capita as a proportion of income per capita) rises, resources shift from sectors producing final goods to sectors producing capital goods. [START_REF] Buera | Scale and the origins of structural change[END_REF] show that the minimum and maximum scale of economic activities can influence structural change by inducing a marketization of services (i.e. production out of the household) to benefit from increasing returns to scale and a later demarketization of services (production back in the household) when durable goods become cheap enough. For example the initial invention of collective transports (train, tramway, subway) has been a phase of marketization whereby households would pay companies for transportation services. But the latter development of personal automobile has been a phase of demarketization whereby households would self-produce transportation services, once an automobile has been purchased. Buera In the small open economy framework, the most striking insight is that agricultural productivity is now negatively linked with industrialization, in contrast to the closed economy where the link is positive [START_REF] Matsuyama | Agricultural productivity, comparative advantage, and economic growth[END_REF], [START_REF] Echevarria | Agricultural Development vs. Industrialization: Effects of Trade[END_REF]). In a closed economy, an increase in agricultural productivity shifts resources to the non-agricultural sector by the combined effect of a decrease in food prices and an increase in income per capita. In an open economy, an increase in agricultural productivity strengthen the comparative advantage of agriculture and shifts resources in the agricultural sector. Another interesting insight from the open economy literature is the relation between tradable and non-tradable sectors. This theme largely overlaps with the literature of the Dutch disease. For example, [START_REF] Torvik | Learning by doing and the Dutch disease[END_REF] shows that if final goods are complements, and if the tradable sector has a higher productivity growth than the non-tradable sector, then labor will gradually move toward the non-tradable sector. Hence "stagnant" sectors can still attract resources in an open economy provided they produce non-tradable goods.

The three chapters of the present thesis aim at contributing to the existing literature in three different directions. These three directions are primarily focused on the link between agricultural productivity and industrialization, either empirically, or through a refined theoretical understanding.

The first chapter sheds light on the existence of biased technical change in agriculture, either toward land (improved seeds, pesticides, fertilizers etc.) or labor (agricultural machines), and asks if biased technical change matters for industrialization. More precisely, it asks whether land and labor productivity growth in agriculture have similar or opposite effects on the allocation of labor between agriculture and nonagriculture. This is achieved through a simple general equilibrium model which gives clear qualitative results for a closed economy. The first chapter also provides an assessment of the respective importance of land and labor productivity in structural transformation. This assessment is obtained from a growth decomposition of labor movements out of agriculture in developing and developed regions.

The second chapter inquires about the empirical validity of the link between agricultural productivity and industrialization. Though a lot of theoretical models conclude that agricultural productivity growth is a key determinant of industrialization, they usually rely on closed economy models and there is still few empirical evidence of this mechanism. In particular, this chapter asks how the openness of an economy modifies the link between agricultural productivity and industrialization, and asks if the empirical results are consistent with the theory. The empirical results derive from an econometric model, but a simple theoretical model is used to guide the econometric specification. An interesting stylized fact that emerges is that developing nations face early problems of deindustrialization, and the second chapter also elaborates on the causes of "premature" deindustrialization.

The focus of the third chapter is not on agricultural productivity per se, but on agricultural General Introduction efficiency. Many market failures prevent agricultural production from reaching full efficiency, and this might considerably affect the allocation of labor between agriculture and non-agriculture.

In particular, the third chapter questions whether land reforms, whether through an improvement of the land rental market or through land redistribution, might have a significant impact on the migration of labor out of agriculture. This is achieved through a general equilibrium model combining features of the family farm theory with structural change mechanisms. Theoretical results decompose the effect of land reforms into partial and general equilibrium effects, and the model is calibrated to assess the magnitude of the labor movements induced by land reforms. The transition away from traditional agriculture has long been perceived as a key component of economic development and is now perceived as sluggish in many of the world poorest countries [START_REF] Alston | Agriculture in the Global Economy[END_REF]). The economic opportunity of such a transition is predicated both on static gains, through the reallocation of labor to higher productivity sectors and on dynamic gains, through the idea that some sectors bring positive externalities or bring more productivity growth than others. As a result, a large body of research has tried to understand the cause of structural transformation. Among the main lines of reasoning, some scholars have argued that structural transformation is caused by the relative speed of productivity growth between economic sectors (e.g. [START_REF] Baumol | Macroeconomics of Unbalanced Growth: The Anatomy of Urban Crisis[END_REF], [START_REF] Ngai | Structural Change in a Multisector Model of Growth[END_REF]), while others have pointed to differences in the income elasticity of demand between consumption goods (e.g. [START_REF] Matsuyama | Agricultural productivity, comparative advantage, and economic growth[END_REF], [START_REF] Laitner | Structural Change and Economic Growth[END_REF], [START_REF] Kongsamut | Beyond Balanced Growth[END_REF] and [START_REF] Gollin | The Role of Agriculture in Development[END_REF]). More recently, differences in capital intensity or in the scale of productive units have been advanced as potential candidates [START_REF] Acemoglu | Capital Deepening and Nonbalanced Economic Growth[END_REF], [START_REF] Buera | Scale and the origins of structural change[END_REF]).

Irrespective of the main explanation chosen, a conventional view has emerged that the growth of agricultural productivity is a key determinant of structural transformation away from agriculture, at least in a closed economy 1 . But the specific role of land-and labor-saving technologies in this process, of whether productivity improvements should primarily concern labor or land, has not been clarified so far. This distinction, however, is key to understand the development of modern agriculture.

Historically, as shown by [START_REF] Hayami | Agricultural Development: An International Perspective[END_REF] and [START_REF] Ruttan | Induced innovation and agricultural development[END_REF][START_REF] Ruttan | Productivity Growth in World Agriculture: Sources and Constraints[END_REF], countries that went through successful agricultural development experienced biased technical change in favor of the relatively scarce factor. For example, in Japan and Taiwan, where land is scarce, the priority was given to land-saving technologies such as the development of rice varieties that are respondent to fertilizer. In the United States, Canada and Australia, where land is abundant and the main constraint on production was the size of the workforce, the priority was given to the development of agricultural machines that substitute for labor. Today, [START_REF] Alston | Agriculture in the Global Economy[END_REF] observe that the productivity paths of agriculture also differ according to the level of development. Higher income regions like Japan, Europe and North America move in a relatively labor-saving direction under the effect of high wages, while low and middle-income regions, notably Sub-Saharan Africa, move in a relatively land-saving direction. Ruttan (2002, page 166) observes that : "During the later stages of development, as the price of labor begins to rise relative to the price of land, the growth path [of land and labor productivity] tends to shift in a labor saving direction." These observations raise the question of the type of technical change involved in structural transformation.

Recently, two papers addressed this question from different angles. First, in the context of small open economies, [START_REF] Bustos | Agricultural Productivity and Structural Transformation: Evidence from Brazil[END_REF] show that while labor-augmenting technical change can be expected to speed up industrialization, land-augmenting technical change has the opposite effect. They argue that land improvements are responsible for an increase in the marginal product of agricultural labor and therefore attract labor in agriculture. They find empirical evidence of this mechanism using data on Brazilian municipalities. Second, in the context of a closed economy, Leontief production functions and hidden unemployment in agriculture, de Souza (2017) shows that land-augmenting technical change contributes to industrialization via reduced unemployment and an increased demand for manufactures, while labor-augmenting technical change has the opposite effect. de Souza (2017) argues that empirical studies at a country level confirm that land-augmenting technical change fosters industrialization [START_REF] Shifa | Does Agricultural Growth Cause Manufacturing Growth?[END_REF][START_REF] De Souza | Evidence of growth complementarity between agriculture and industry in developing countries[END_REF]).

This paper elucidates the effect of biased technical change on industrialization in the context of a closed economy and general specifications for the production functions. I develop a model that can be seen as a natural extension of [START_REF] Matsuyama | Agricultural productivity, comparative advantage, and economic growth[END_REF] [START_REF] Gollin | Productivity, transport costs and subsistence agriculture[END_REF] find that high transportation costs for food and agricultural inputs can maintain a high share of the population in subsistence agriculture. [START_REF] Vollrath | The agricultural basis of comparative development[END_REF] suggests that agricultural productions that are more labor-intensive lead to higher population densities and lower levels of industrialization. [START_REF] Dennis | Agricultural Distortions, Structural Change, and Economic Growth: A Cross-Country Analysis[END_REF] show that poor countries that tax agriculture heavily slow their industrialization and income convergence. [START_REF] Foster | Agricultural Productivity Growth, Rural Economic Diversity, and Economic Reforms: India, 1970-2000[END_REF] and [START_REF] Hornbeck | Does Agriculture Generate Local Economic Spillovers? Short-Run and Long-Run Evidence from the Ogallala Aquifer[END_REF] argue that at a local level indutrial and agricultural development are substitutes, because industrial capital settles in places with low wages. In the spirit of this literature, my work aims at shedding light on the many circumstances surrounding industrialization.

The remainder of the paper is organized as follows. Section 1.2 presents the model and gives the main theoretical results and intuitions. Section 1.3 derives formulas for the elasticities of agricultural labor using a constant elasticity of substitution (CES) model. Section 1.4 estimates the elasticities of agricultural labor and discusses the influence of various market distortions on the results. Section 1.5 estimates the rates of labor-and land-augmenting technical change and gives a growth decomposition of agricultural labor per capita. Each section brings additional hypotheses into the discussion, and thus results relying on a smaller number of hypotheses are presented first. Section 1.6 concludes and gives directions for further research.

1.2 A model of structural transformation with biased technical change in agriculture

Technology and preferences

The economy consists of two sectors of production. The traditional sector, agriculture (Y A ), uses augmented labor ( LA = A L L A ) and augmented land ( Ŝ = A S S ) to produce food. L A and S stand for respectively agricultural labor and land and A L and A S are their respective technical change components. A L encompasses technologies and inputs such as herbicides and agricultural machines, that extend the power of the labor force without affecting the amount of land used. A S encompasses technologies and inputs such as additional harvesting seasons, fertilizers and highyielding crops that are akin to a land extension without affecting the labor force. As emphasized by [START_REF] Ruttan | Productivity Growth in World Agriculture: Sources and Constraints[END_REF], mechanical technologies on the one hand and biological technologies on the other hand roughly reflect these two directions. But there are exceptions: in the examples chosen above, herbicides are a biological technology but are more akin to a labor-saving technology since they save on the labor used to weed. In practice, new inputs or techniques may improve both components at the same time. For instance, a genetically engineered crop might be resistant to herbicides (and will therefore save on manual labor) and might also take less time for maturing, enabling the farmer to set up an additional planting and harvesting cycle (which amounts to land extension).

The agricultural sector is to be seen as the sector where most of the population would work initially, to provide for its own subsistence. The modern sector (Y M ) is identified with manufacturing and services and uses labor (L M ) as long as possibly other fixed inputs that are sector specific. Note that land does not enter the production function of the modern sector. This assumption relies on the observation that manufacturing and services activities are much less land-intensive than agriculture and generally take up a small proportion of the total land available for economic activities, though in particularly land-constrained area a conflict might occur 2 .

Formally,

Y M = M F(L M ), Y A = A G( LA , Ŝ ), LA = A L L A , Ŝ = A S S , (1.1)
where M and A are Hicks-neutral technical changes. Inputs have positive returns, the production technology of the modern sector is concave, and the production technology of the traditional sector has constant returns to scale with diminishing returns to labor:

(i) F, G are nonnegative functions of class C 2 (ii) F > 0, F ≤ 0 (iii) G LA > 0, G Ŝ > 0, G LA 2 < 0 (iv) G has constant returns to scale, (1.2)
I assume the existence of a representative household taking prices as given. Its preferences are 2. Land cover statistics for the European Union in 2015 reveal that human buildings use 4% of the land available while this proportion rises to 22% for cropland (Eurostat).

given by

U = (C A -λ) ν A (C M ) ν M , ν A + ν M = 1, λ ≥ 0, (1.3)
where C A and C M denote consumption from respectively agriculture and the modern sector, and λ is a subsistence level that generates Engel's law. In the context of a representative household, the subsistence level λ is by aggregation a sum of the subsistence levels of all households. Though Cobb-Douglas preferences are somewhat constraining, Appendix 1.B shows that the main ideas conveyed by this paper can be extended without difficulty to a framework with CES preferences, with the cost of an added layer of subtleties.

Finally, a minimal amount of agricultural productivity is required so that the economy can produce more than the subsistence level if the entire labor force is working in agriculture.

Normalizing the labor force to one for simplicity, this yields:

AG(A L , Ŝ ) > λ (1.4)

Market equilibrium

The representative household owns the land and receives the real wage w. I normalize the price of the manufacturing good to one and denote the price of the agricultural good by p A and the rent on land by q. The budget constraint of the representative household is,

p A C A + C M = w + qS + π, (1.5) 
where π denotes profit from the modern sector. Interior solution of utility maximization for the representative household implies:

U C A U C M = p A . (1.6)
Production decisions in agriculture and manufacturing are taken by profit-maximizing entities, acting as price-takers. Since producers compete for the same pool of worker this yields:

M F (L M ) = w, p A A G LA ( LA , Ŝ ) A L = w.
(1.7)

A Closer Look at the Mechanism of Structural Transformation Finally, market clearing needs to be clarified. I assume the economy lives in autarky. This yields:

L A + L M = 1, C M = Y M , C A = Y A .
(1.8) I now solve for the equilibrium allocation of labor to study the implications of land-and laboraugmenting technical changes. Using equations (1.6) and (1.7), .9) the equality between marginal rate of substitution and marginal rate of transformation. Combining

U C A U C M = M F (L M ) A G LA ( LA , Ŝ ) A L , ( 1 
(1.9) with household preferences stated in (1.3) gives

ν A ν M C M C A -λ = M F (L M ) A G LA ( LA , Ŝ ) A L
.

(1.10)

Replacing C M , C A and L M using (1.8) and (1.1) and rearranging yields

ν A ν M F(1 -L A ) F (1 -L A ) = 1 A L G( LA , Ŝ ) - λ G LA ( LA , Ŝ ) , λ = λ A , (1.11) 
(1.11) is the key equation governing the allocation of labor in this economy. Since there is no market failure, this market equilibrium decentralizes the optimal solution of a social planner.

The endogenous responses of this labor allocation to exogenous changes are summarized in Proposition 1 below. The proofs for this proposition as well as for Proposition 2 in Section 1.3 are given in Appendix 1.A.

Proposition 1 Consider a competitive market economy whose technology is characterized by

(1.1) and (1.2), whose representative consumer has preferences (1.3) and with market clearing

(1.8).
Denote σ as the (possibly nonconstant) elasticity of substitution between augmented labor and augmented land in agriculture, and s S as the competitive income share of land in agricultural output:

σ = G Ŝ G LA G G Ŝ LA , s S = G Ŝ Ŝ G .
(1.12)

1.2 A model of structural transformation with biased technical change in agriculture Then, at an interior solution, (a) the equilibrium allocation of labor L A is unique and satisfies equation (1.11), (b) the equilibrium allocation of labor L A reacts to exogenous parameters as follows:

∂L A ∂ λ > 0, if σ < 1, ∂L A ∂A L < 0 ∂L A ∂A S 0 ⇔ Y A -λ Y A σ, if σ = 1 ∂L A ∂A L < 0 ∂L A ∂A S < 0, if σ > 1 ∂L A ∂A L 0 ⇔ Y A -λ Y A σ -s S 1 -s S σ ∂L A ∂A S < 0.
The effect of a marginal increase in Hicks-neutral technical change (A) or in the subsistence level (λ) on the equilibrium value of agricultural labor are as expected and easily conceivable.

In particular, the negative response of agricultural labor to Hicks-neutral technical change summarized in the sign of ∂L A ∂ λ , is the result of Engel's law as described in [START_REF] Matsuyama | Agricultural productivity, comparative advantage, and economic growth[END_REF]. On the other hand, understanding the effect of an increase in labor-(A L ) or land-augmenting (A S ) technical change is more challenging and requires discussion 3 . The effect of an increase in A S , slightly more intuitive, is studied first. Also, since in the current framework land-augmenting technical change and land increase have the same consequences, the following discussion uses land increase as an illustration.

When land increases, a partial equilibrium effect and a general equilibrium effect can be identified. The partial equilibrium effect is the result of a land increase when the price of agricultural goods and the real wage are kept constant. In partial equilibrium, a land increase raises the marginal productivity of labor in agriculture as a result of the complementarity between land and labor 4 . This rise in the profitability of labor pushes farmers to hire more until the 3. To avoid possible misunderstandings, note that the cutoff point σ = 1 does not reflect a comparison between the elasticity of substitution in production (equal to σ) and the elasticity of substitution in consumption (equal to 1). Also it is tempting to think this way, a careful read of Appendix 1.B (in particular the sign condition of ∂L A ∂A L ) shows that this is a mistake. Rather, the cutoff point σ = 1 reflects the switch between complementarity and substituability of land and labor.

4. Note that because the function G has constant returns to scale and diminishing returns to labor, its cross partial derivative G Ŝ LA must be positive (Wicksell's law). This can be found by applying Euler's theorem to G LA .

A Closer Look at the Mechanism of Structural Transformation marginal return of labor falls back to the wage level. The partial equilibrium effect thus induces a rise in agricultural labor.

The general equilibrium effect is effect of a land increase on the price of agricultural goods and the real wage. A land increase raises agricultural production both directly and through the hire of additional workers, which results in a drop in the food price. At the same time, the additional hires in agriculture create a tension in the modern sector that results in a rise in the real wage. Both the drop in the food price and the rise in the real wage reduce the profitability of labor in agriculture and induce farmers to reduce hiring or to shed labor. The general equilibrium effect thus induces a drop in agricultural labor.

Understanding the final movement of L A amounts to asking which of the partial or general equilibrium effect dominates. Proposition 1 states that if the elasticity of substitution between land and labor is greater than or equal to one, then the general equilibrium effect always dominates. In case the elasticity of substitution is lower than one, the general equilibrium effect dominates provided agricultural output is close to a state of subsistence.

The reason for this is that as households are closer and closer to their subsistence level, they are ready to offer an arbitrarily large price for food. Conversely this means that a small change in food production will create a large change in food prices, making the general equilibrium effect grow larger and larger as households get closer to starvation. But unless the elasticity of substitution converges toward zero, the partial equilibrium effect cannot grow arbitrarily large.

Therefore general equilibrium considerations always overcome partial equilibrium considerations when agricultural output is sufficiently close to the subsistence level, and agricultural labor is a decreasing function of land in this region. When agricultural output moves away from the subsistence level, the price effect becomes smaller and agricultural labor may become an increasing function of land: the relationship is possibly non-monotonic.

I now study the effect of labor-augmenting technical change on the allocation of labor. When there is labor-augmenting technical change, partial versus general equilibrium effect is still the key idea. A difference however, is that the partial equilibrium effect is now uncertain. Indeed, labor-augmenting technical change can either raise or lower the marginal productivity of labor. This comes from the fact that it increases the efficiency of raw labor L A and at the same time decreases the marginal productivity of augmented labor LA on account of diminishing returns.

As a result, the partial equilibrium effect can cause a movement of labor either in or out of 1.2 A model of structural transformation with biased technical change in agriculture agriculture.

If the partial equilibrium effect causes labor to move in agriculture, then the general equilibrium effect involves a drop in the food price and a rise in the real wage that, as seen above, partially or totally offset the partial equilibrium effect. If the partial equilibrium effect causes labor to move out of agriculture, then the real wage will drop, but the evolution of the food price is ambiguous because the partial equilibrium effect causes the production of both agriculture and the modern sector to rise. This peculiar case, where partial and general equilibrium effects could strengthen each other, relies on the condition σ < s S 5 .

Fortunately, from Proposition 1 it is possible to sort out the general case in terms of the elasticity of substitution. When the elasticity of substitution is less than or equal to one, forces that push labor out of agriculture are always stronger whatever they are (partial or general equilibrium effects). This results in agricultural labor being a decreasing function of laboraugmenting technical change. When the elasticity of substitution is greater than one, the peculiar case σ < s S is dismissed. This means that partial and general equilibrium effects are now in opposition and the analysis is the same as for land: the general equilibrium effect dominates provided agricultural output is sufficiently close to the subsistence level.

Overall, the mechanics of this closed economy show that both types of technical change can contribute to structural transformation provided the economy is close to a state of subsistence.

This feature is intimately linked with Engel's law and the idea that people can give up a large fraction of their income to ensure a minimal amount of food is consumed. When the economy moves away from a state of subsistence, Section 1.3 will show that a precise knowledge of the elasticity of substitution is critical to know what kind of labor movement to expect.

Before moving on to the next section, an important question needs to be answered: what would be the consequence of introducing sectoral transfers of capital in the model ? Since one would expect not only labor but also physical capital to be transferred to the modern sector, it is useful to know how it can fit with the model. It turns out that introducing this feature is simple.

Rewrite the production technologies in (1.1) as follows:

Y M = M F(K M , L M ), Y A = A G[ ÃL F(K A , L A ), Ŝ ],
(1.13)

5. An hypothesis termed as "strong complementarity between land and labor" by Bustos et al. (ibid.).
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A Closer Look at the Mechanism of Structural Transformation where K M and K A denote capital in the modern and traditional sectors and with the function F having constant returns to scale, F L > 0, F K > 0 and F K 2 < 0. Capital is homogeneous and r denotes the rental price of capital. Since labor and capital are combined within the same production function F, the optimal capital-labor ratio is the same in both sectors:

F K M F L M = F K A F L A = r w ⇒ K M L M = K A L A = k * (1.14)
Using this fact in equation (1.13) yields:

Y M = M f (k * ) L M , Y A = A G[ ÃL f (k * ) L A , Ŝ ],
(1.15)

where f is the per capita production function of F with f () > 0. The analogy with the initial specification of technologies in (1.1) is immediate by posing

M = M f (k * ) and A L = ÃL f (k * ).
Both specifications yield the same market equilibrium 6 . It means that in the model studied so far, structural change can be interpreted as a sectoral transfer of firms f (k * ) with optimal capital-labor ratios, and not just as a sectoral transfer of labor.

The elasticities of agricultural labor in the CES case

After explaining the inner workings of the model, I turn to a simple empirical application of the model that uses country-level data. The first step of this investigation involves choosing theoretical results that can be readily estimated. The theoretical results that I chose are the elasticities of agricultural labor with respect to land-and labor-augmenting technical change.

The formulas for these elasticities are derived here using a CES version of the model presented in Section 1.2. The present section also analyzes how these elasticities change with a change in the elasticity of substitution σ.

6. That said, I have not specified a process of investment by which capital would accumulate. If investment is taken into account, the equilibrium prices will be modified by investment spending. One simple case in which all the results of Proposition 1 still hold is if investment spending is a constant fraction of the modern sector's output.

1.3 The elasticities of agricultural labor in the CES case 21 1.3.1 Computation of the elasticities Section 1.2 was devoted to an understanding of the main problem with minimal, weak hypotheses. Now, to facilitate the estimation of elasticities and the understanding of the results, I simplify the problem and give explicit functional forms for the production technologies:

Y M = M L M , Y A = A β (A L L A ) σ-1 σ + (1 -β) (A S S ) σ-1 σ σ σ-1 , β ∈ (0, 1), σ > 0.
(1.16)

The modern sector has constant returns to scale for simplicity, and agriculture produces with a constant elasticity of substitution. Note that constant returns to scale in the modern sector imply constant returns to scale for the economy as a whole, meaning that L A , S can be interpreted as per capita inputs, Y A , Y M as per capita outputs and λ as the per capita subsistence level. This is the interpretation that I choose from now on. This interpretation allows me to dispense from considerations relative to the size of the labor force7 .

Replacing (1.1) with (1.16) in the model of Section 1.2 and computing the derivative of L A with respect to Ŝ yields:

∂L A ∂ Ŝ = (A L ) -1 Y A -λ Y A -σ Y A -λ Y A Ŝ LA + γ Ŝ LA 1 σ , (1.17) with γ = σ ν M β (1 -β) .
Now, turning equation (1.17) into an elasticity of labor with respect to augmented land (i.e.

L A , Ŝ = Ŝ L A ∂L A ∂ Ŝ ): L A , Ŝ = L A ,A S = L A ,S = Y A -λ Y A -σ Y A -λ Y A + σ ν M 1 -s S s S , (1.18)
where s S is as before the competitive income share of land in agricultural output. If L A ,A S is negative, A S drives labor out of agriculture; if it is positive, A S attracts labor in agriculture.

The same computation can be done for labor-augmenting technical change and Hicks-neutral
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L A ,A L = 1 -s S s S Y A -λ Y A σ -s S 1 -s S -σ Y A -λ Y A + σ ν M 1 -s S s S , (1.19) L A ,A = - λ Y A σ s S Y A -λ Y A + σ ν M 1 -s S s S
.

(1.20)

Additionally, there is a natural relationship between the three elasticities presented above:

L A ,A = L A ,A L + L A ,A S .
(1.21)

The effect of Hicks-neutral technical change on agricultural labor is the sum of labor-augmenting and land-augmenting technical changes. Equations (1.18),(1.19) and (1.20) show that the elasticities of agricultural labor can be computed using just four economic indicators: the elasticity of substitution σ, the proximity to subsistence Y A -λ Y A , the income share of land s S , and the Cobb-Douglas parameter ν M which can be interpreted as the long-run share of spending devoted to non-food items.

Relation with the elasticity of substitution

In the results of the next section, I was able to collect data on the agricultural output and the income share of land but I could not, however, find precise information on the elasticity of substitution. For this reason, understanding the relationship between the various elasticities of labor and σ is important to interpret the results of the next section.

Since I compute agricultural output and the income share of land separately from the elasticity of substitution, they act as constants de facto, despite their dependence on the elasticity of substitution. The right approach is therefore to evaluate the partial effect of a change in σ on the elasticities of labor, holding agricultural output and the income share of land constant. I discuss these partial effects below. When aiming at a full understanding of the effect of σ, the right approach is however to evaluate the total effect of a change in σ, allowing for agricultural output and the income share of land to depend on it. Appendix 1.C talks briefly about this case and the circumstances in which it gives different outcomes than the partial effect.

1.3 The elasticities of agricultural labor in the CES case 23 Proposition 2 Consider L A ,A S , L A ,A L and L A ,A as computed in equations (1.18), (1.19) and

(1.20), with λ > 0.

When evaluating the partial effect of a change in σ (i.e. holding Y A and s S constants): L A ,A L is increasing concave, L A ,A S and L A ,A are decreasing convex.

To illustrate Proposition 2, Figure 1.1 plots elasticities (1.18) to (1.20) as a function of the partial effect of σ. A baseline case is Figure 1.1 panel (a) where λ has been set to zero to set aside the role of Engel's law. In this case, L A ,A L and L A ,A S sum to zero and L A ,A is therefore merged with the horizontal axis. At σ = 0, L A ,A L is equal to -1 and L A ,A S is equal to 1. This is all the curves downward, so that L A ,A enters into negative territory. Panel (b) is an example of elasticities behavior when the economy is relatively far away from a state of subsistence ( Y A -λ Y A is high). Which type of technical change drives labor out of agriculture still clearly depends on whether σ is higher or lower than one. However panel (c) is an example of what happens when the economy is relatively close to a state of subsistence. With the exception of a small interval close to zero, both elasticities are largely negative. In this situation, having a precise estimate of the elasticity of substitution is arguably less of a concern. small or insular countries usually have a much higher degree of openness than large countries or world regions. Along these lines, the estimation results of a country such as Vietnam (with exports and imports averaging 100% of its GDP in 2017 according to the World Bank) cannot be taken as seriously as the estimation results of a regional ensemble such as East Asia & Pacific.

1 Σ 1 1 Ε L A Ε L A ,A L Ε L A ,A S Ε L A ,A 0 (a) λ = 0 1 Σ 1 1 Ε L A Ε L A ,A L Ε L A ,A S Ε L A ,A 0 (b) λ > 0, far from the subsistence level 1 Σ 1 1 Ε L A Ε L A ,A L Ε L A ,A S Ε L A ,A 0 (c) λ > 0,
But there is more to it than the question of size. [START_REF] Caselli | Agriculture and Structural Transformation in an Open Economy: The Case of Ghana[END_REF], studying the case of Ghana, have shown that high transportation costs in rural areas can prevent a large fraction of the population to access international markets. This means that the closed economy might be a good approximation of the situation faced by rural farmers in Sub-Saharan Africa and parts of Asia.

Data and methods

Table 1.1 presents the data sources used to estimate L A ,A L , L A ,A S and L A ,A . Under the heading "Weights for regional aggregation" is a description of the data used to aggregate country results into regional results.

Clearly the key parameter lacking data support in existing literature is the elasticity of substitution σ. First, estimates of σ in the literature are limited to roughly twenty countries, each study having its own estimation method carried over different time periods. Without sufficient localized information on σ, even for broad regions of the world, I have chosen to assign to all countries the same value of σ. Second, in the model of this paper the elasticity of substitution applies to augmented land and augmented labor, which are broad categories encompassing all the inputs useful for agricultural production. In the literature, elasticities of substitution apply to just land and labor and other inputs are assigned a different elasticity of substitution estimated separately. Despite these limitations, available evidence (Table (1.2)) suggests an elasticity of substitution within a range of 0.2 to 1.2, inclined on average toward the inelastic case. To assess the sensitivity of the results to the elasticity of substitution, three values of σ are used for estimation: 0.2, 0.5 and 1.2. The meta-analysis of [START_REF] Salhofer | Elasticities of Substitution and Factor Supply Elasticities in European Agriculture: A Review of Past Studies[END_REF] ( 8. This conceptual proximity, however, does not necessarily mean that the MDER coincides with the mathematical definition of λ in (1.3), which implies that when C A = λ the household income is entirely spent on food.
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Results

Country results of the elasticities of agricultural labor, the proximity to subsistence and the income share of land are available in Appendix 1.D. In Section 1.4, Table (1.3) gives the elasticities of agricultural labor at a regional level, where country results are weighted by the share of agricultural labor in regional agricultural labor 9 10 . I focus the following discussion on L A ,A S and L A ,A L , as L A ,A is just a sum of these two components. In every scenario labor-augmenting technical change is consistently negative, leading to the conclusion that it is everywhere an effective means of structural transformation. As for land-augmenting technical change, it seems reasonable to believe that it contributes to structural transformation in the middle scenario of σ = 0.5, especially for the poorest regions of Sub-Saharan Africa and South Asia. More developed regions like Europe, North America and Middle-East & North Africa have elasticities close to zero when σ = 0.5, so land-augmenting technical change might well be ineffective there.

9. This weighting rule assumes that each country faces the same relative increase in technical change. More generally, if y = I y i , x = I x i and dx i x i = dx j

x j ∀i, j ∈ I, then y,x = 1 y I y i y i ,x i .

10. At a regional level, the proximity to subsistence and the income share of land are computed using the share of agricultural output in regional agricultural output.

Market distortions

The preceding results have been obtained assuming that the economy faces no market distortions of any type. Yet these distortions are prevalent in the labor and land markets of many developing countries. The chief concern is then to determine if these distortions can affect the results qualitatively and/or quantitatively. Let us start with assuming a simple distortion on the labor market in the form of a wage gap between agriculture and non-agriculture:

w A = (1 -η) w M , η ∈ [0, 1) (1.22)
The consequence of this distortion is to change the denominator of equations (1.18), (1.19) and

(1.20), the elasticities of agricultural labor. Without distortion, the denominator writes:

Y A -λ Y A + σ ν M 1 -s S s S (1.23)
And after introducing the wage gap:

Y A -λ Y A + 1 -η ν M ν M -η ν M σ 1 -s S s S (1.24)
The introduction of a wage gap is equivalent to distorting preferences in favor of the agricultural goods. Since the wage gap only affects the denominator and cannot change the denominator's sign, it cannot change the sign of the elasticities of agricultural labor in (1.18), (1.19) and

(1.20). All the qualitative results are preserved. Nevertheless, a higher wage gap means that the elasticities of agricultural labor are smaller in absolute value:

| L A ,A L | ∂η < 0, | L A ,A S | ∂η < 0, | L A ,A | ∂η < 0, provided L A ,A L , L A ,A S , L A ,A 0. (1.25)
The introduction of a wage gap slows labor movements either in or out of agriculture. A price distortion, in the form of a subsidy on agricultural goods, yields exactly the same result. That is, rewriting the budget constraint (1.5) as follows:

(

1 -η)p A C A + C M = w + qS + π -t, (1.26)
where η is an ad valorem price subsidy and t is a lump-sum tax, yields exactly (1.24).

What about the land market ? Could a distortion on the land rental price affects the market equilibrium ? The answer is no, since the land supply S is perfectly inelastic. One solution could be to endogenize the supply of land by assuming S = S (q), S () > 0. However, this would not change the formulas for the elasticities of agricultural labor, as long as one keeps in mind that they are computed holding the supply of land constant (except of course concerning L A ,S , the elasticity of agricultural labor with respect to land). The reason why distortions on the land rental market are not of primary interest is that agriculture is presumed to be the sole user of land.

To sum up, if on average market distortions result in a lower market price for agricultural goods or a lower wage for farmers, one would expect the elasticities of agricultural labor to have a smaller amplitude while preserving their signs. How large is the change with respect to the initial results ? Though there is no well-established database of wage gaps, it is possible to construct an illustrative example. [START_REF] Vollrath | The efficiency of human capital allocations in developing countries[END_REF] computes the mean wage in agriculture relative to the overall mean wage for 15 developing countries using the RIGA database of [START_REF] Davis | A Cross-Country Comparison of Rural Income Generating Activities[END_REF]. Vollrath finds that most countries have an agricultural wage equals to roughly two third of the overall mean wage. The widest gap is that of Nigeria, with an agricultural wage of roughly half of the overall mean wage. Part of this wage gap can be explained by the heterogeneity of labor across sectors, such as workers having different human capital endowments, and is not necessarily the result of labor market imperfections. Besides, these computations are based on the declarations of wage-workers and do not include the shadow wages of self-employed workers.

Still, taking these numbers into account, let us assume a large market distortion of η = 0.5.

Using the world proximity to subsistence (0.37) and the world income share of land (0.46), as well as an elasticity of substitution of 0.5, this market distortion implies a downward adjustment in absolute value of roughly 6% for the elasticities of agricultural labor. If the elasticity of substitution is set to 1.2, the downward adjustment will reach a maximum of 8%. Thus, a large market distortion does not seem to imply a large downward adjustment in the results obtained so far.
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Estimates of the rates of technical change

Figuring out the positive or negative sign of elasticities in Section 1.4 is useful to ascertain which type of technical change is likely to be effective in structural transformation. But when two elasticities have the same sign, the relative importance of different types of technical change also depends on their relative pace. If the pace of land-augmenting technical change is several times faster than the pace of labor-augmenting technical change, then this will compensate for its relatively low elasticity observed in the data. This section therefore estimates the rates of landand labor-augmenting technical changes at a regional level over 2005-2015. Once this is done, the rates of technical changes are combined with the elasticities of Section 1.4 to decompose the growth of agricultural labor per capita in terms of different types of technical change.

In this section, I reduce the set of possible outcomes by assuming σ = 0.5. This means that in every region land-saving technologies contribute to structural transformation, albeit with a low effectiveness compared with labor-saving technologies. The growth rate of land per capita, another driver of structural transformation, is estimated as well. Data and methodological choices are discussed first, then the results are summarized.

Data and methods

The model of Section 1.3 can be described abstractly as:

F(L A , A L , A S , S , λ) = 0 (1.27)
where L A , S and λ are per capita variables, and I have assumed no Hicks-neutral technical change without loss of generality. Differentiating with respect to time and rearranging yields:

LA L A = L A ,A L ȦL A L + L A ,A S ȦS A S + L A ,S Ṡ S + L A ,λ λ λ (1.28)
I assume λ to be a constant 11 and since L A ,A S = L A ,S this yields:

LA 

L A = L A ,A L ȦL A L + L A ,
Y A = A G(K, L A , Z, S ) , (1.30)
where G has constant returns to scale, K is machinery capital, Z is fertilizer and the other variables keep the same interpretation. This model of unbiased technical change is the starting point of most studies on agricultural productivity. Now, I assume that this model can be rewritten as

Y A = A G[ F 1 (K, L A ), F 2 (Z, S )],
(1.31)

where F 1 and F 2 have constant returns to scale. Yet another way to write model (1.31) is

Y A = G[A f 1 (k) L A , A f 2 (z) S ], (1.32) 
where k = K L A , z = Z S and f 1 and f 2 are the intensive forms of F 1 and F 2 . Interpreting equation (1.32) from the perspective of the model of Section 1.3, I assume further that F 1 and F 2 are Cobb-Douglas production functions, and I extend the 11. There is good reasons why λ can in fact change over time. For example, the MDER as estimated by FAO can diminish as a result of the population getting younger. In practice however, the growth rate of the MDER is too small for this to be significant.

A L = A f 1 (k) and A S = A f 2 (z). Thus
1.5 Estimates of the rates of technical change 35 factors affecting land productivity to include animal feed and livestock. This yields

A L = A k α , A S = A z γ x δ y η , (1.33)
where x is animal feed per unit of land and y is livestock per unit of land.

The two equations in (1.33) are used to estimate the average growth rates of A L and A S over the period 2005-2015. To estimate α, γ, δ and η, I use the same income shares that were used to estimate L A ,A S and L A ,A L . For example, α is set equal to the share of machinery capital divided by the sum of the share of machinery capital and the share of agricultural labor. To estimate A, k, z, x and y, I use the dataset of agricultural inputs and TFP levels provided by the United States Department of Agriculture (USDA) 12 based on the methodological work of [START_REF] Fuglie | Productivity Growth in Agriculture: An International Perspective, chapter Productivity Growth and Technology Capital in the Global Agricultural Economy[END_REF][START_REF] Keith | Accounting for growth in global agriculture[END_REF] 13 . Lastly, to estimate the growth rate of L A and S in (1.29), agricultural labor and land data are provided by USDA while population data is from FAO.

Since the estimates of total factor productivity provided by USDA rely on a specific regional grouping, I follow this grouping in my computations. This results in a loss of precision for the Asian continent, which is treated as a single region. To compensate for this loss, I provide subregional results as well. USDA's grouping of countries by regions and subregions is detailed in Table 1.8.

Results

Tables 1.4 and 1.5 present the growth rates of various agricultural outcomes at a regional and subregional level over 2005-2015 14 . Data on agricultural output is not used in the estimation and is for informative purpose only.

Table 1.6 gives four sets of results: columns (1) to (3) show the average growth rates of A L , A S and S over 2005-2015. Columns (4) and ( 5) show the values of L A ,A L and L A ,A S as estimated in Section 1.4 and assuming σ = 0.5 15 . Columns (6) to (8) show the product of columns (1) to 12. https://www.ers.usda.gov/data-products/international-agricultural-productivity.aspx. Database last updated in October 15, 2018.

13. For the period 2011-2015, USDA uses the same income shares in their TFP estimates as the ones I use for estimation. For the period 2005-2010, they only slightly differ. This ensures consistency between the computations of total factor productivity and the computations of elasticities.

14. The average growth rates are computed assuming continuous compounding 15. As before, country-level elasticities have been aggregated into regional elasticities using agricultural employ-
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(3) with columns (4) and ( 5). They give a growth decomposition of L A in terms of A L , A S and S .

Finally, column (9) indicates the average growth rate of L A over 2005-2015 and column (10) is the residual, that is, column (9) minus columns ( 6), ( 7) and ( 8). Table 1.7 is analogous to Table 1.6 but the results are detailed at a subregional level.

The first striking result of Tables 1.6 and1.7 is that in high-income regions, the contribution of labor-augmenting technical change to structural transformation is much higher than the contribution of land-augmenting technical change (columns ( 6) and ( 7)). Labor-saving technologies contribute eight to ten times more than land-saving technologies in Europe, North America and the Baltic countries. This factor however reduces to three to four in Oceania (Australia and New Zealand) and the subregion Developed Asia. Other regions where the contribution of labor technologies is markedly higher include South Africa and the regional ensemble Middle East & North Africa (MENA). In all these regions, the growth rate of land-augmenting technical change tends to be lower than what it is for labor (columns ( 1) and ( 2)), which accentuates the effect of the already low elasticity for land changes (column ( 5)).

Standing at an intermediate level are the regions of Asia, Former USSR and Latin America & Caribbean where the contribution of land technologies is substantial at around -1% per year, and the contribution of labor technologies is between -2% to -4%. These regions have low elasticities for land changes but a high growth rate of land-augmenting technical change. Especially striking is the 8.4% growth rate of land-augmenting technical change in Former USSR, which is due to the 10% growth rate of fertilizer over the period (Table 1.4).

Finally, Sub-Saharan Africa stands out and deserves special attention. First, the contribution of labor-saving technologies to structural transformation is very small compared to the world average. This is because the growth of machinery capital did not catch up with the growth of agricultural labor (Table 1.4). Second, the contribution of land-saving technologies is slightly higher, but it is entirely offset by a decrease in land per capita. This results in a low overall effect of technical change. To the exception of its Southern subregion, all the subregions of Sub-Saharan Africa face a similar situation.

Equally substantially affected by a decrease in land per capita, Oceania has a contribution of land per capita of nearly 1% and South Africa has a contribution of 0.5% . But the burden in these regions is more limited, since Oceania (Australia and New Zealand) has already done ment, but the geographical areas have been adjusted to match USDA's grouping.

1.6 Conclusion 37 much of its structural transformation, and South Africa has a high contribution of labor-saving technologies.

Another noticeable result of Tables 1.6 and 1.7 is the high residual (column ( 10)) of highincome regions (e.g. Europe, North America, Developed Asia) while some middle-income regions have a smaller but substantial residual too (e.g. East Europe, Middle East, South Africa). This fact, contrasted with the low residual of the world economy, might suggest that nonagricultural factors are important in later stages of structural transformation. Alternatively, it seems plausible that decreases in agricultural labor per capita substantially lag behind increases in agricultural productivity. The growth rate of agricultural labor would then be the result of accumulated increases in agricultural productivity over current and previous decades.

Conclusion

The As a concluding remark, it is useful to remember that without the supposition of greater dynamic gains from the modern sector, the desire to industrialize does not have any normative ground-notwithstanding the existence of productivity gaps. These dynamic gains could come, for example, from diversification or from the greater convergence in labor productivity of manufacturing activities [START_REF] Rodrik | Unconditional Convergence in Manufacturing *[END_REF]). Any industrialization strategy must rely on the idea that "what is produced" matters as much as "how much is produced". This is the spirit of many industrialization strategies implemented in the African continent [START_REF] Ansu | Promoting Manufacturing in Africa[END_REF]).

If the desire to industrialize is justified, then the practical implication of the present study is that, as long as domestic prices respond to domestic productivity levels (i.e. the economy is approximately closed), and as long as households are close to a state of subsistence, the bias of technical change in agriculture should not be of primary importance. For instance, this means that extensive agricultural practices are not incompatible with an industrialization strategy. More localized, country-level information on such parameters as the elasticity of substitution between land and labor is required to strengthen this empirical conclusion. Also, an econometric analysis of the relative importance of labor-versus land-saving technologies in structural transformation would be a stimulating exercise to test the theoretical predictions of the model. Source: author's computations on the database of the USDA, Economic Research Service. Available at https://www.ers.usda.gov/data-products/international-agriculturalproductivity.aspx Source: author's computations on the database of the USDA, Economic Research Service. Available at https://www.ers.usda.gov/data-products/international-agricultural-productivity.aspx Source: https://www.ers.usda.gov/data-products/international-agricultural-productivity/documentation-and-methods/ * Countries marked with an asterisk are included in the estimates of total factor productivity but are not included in the estimates of elasticities of agricultural labor.

a Micronesia: estimates for the elasticities of agricultural labor are available for Kiribati only.

b Polynesia: estimates for the elasticities of agricultural labor are available for French Polynesia and Samoa only. Source: https://www.ers.usda.gov/data-products/international-agricultural-productivity/documentation-and-methods/ * Countries marked with an asterisk are included in the estimates of total factor productivity but are not included in the estimates of elasticities of agricultural labor.

c Lesser Antilles: estimates for the elasticities of agricultural labor are available for Barbados, Saint Lucia and Saint Vincent and the Grenadines only.

Appendices

1.A Proofs 1.A.1 Proof of Proposition 1 Proof of the uniqueness of L A
Given that the market equilibrium decentralizes the optimal solution, one might as well write L A as the solution to: max

L A U(Y A (L A ), Y M (L A )) s.t. 0 ≤ L A ≤ 1.
(1.34)

Since the constraint set for this problem is compact and U(L A ) is continuous as a composition and product of continuous functions, a solution exists by the Weierstrass theorem. Additionally, the constraint set for this problem is convex, so the solution is unique if U(L A ) is strictly concave.

Using the utility function (1.3) and the set of assumptions (1.2), it can be easily shown that

∂ 2 U ∂L A 2 < 0, (1.35)
proving that L A must be unique. In fact, since U is also continuous with respect to A, A L and Ŝ , one can go one step further and prove that the optimal labor allocation L A is a continuous function of A, A L and Ŝ using a simple Maximum Theorem (see for example [START_REF] Sydsaeter | Further Mathematics for Economic Analysis[END_REF], p.481).

Proof of L A response to exogenous changes at an interior solution Let us rewrite equation (1.11) using a new notation:

f (L A ) = 1 A L g( Ŝ , LA , λ), (1.36) with f (L A ) = ν A ν M F(L M ) F (L M ) , (1.37) g( Ŝ , LA , λ) = G( LA , Ŝ ) - λ G LA ( LA , Ŝ )
.

(1.38)

f and g have the following derivatives:

f L A = ν A ν M FF (F ) 2 -1 < 0 , (1.39) g LA = 1 + (G -λ)(-G LA 2 ) (G LA ) 2 > 0 , (1.40) g Ŝ = G Ŝ G LA -(G -λ)G Ŝ LA (G LA ) 2 ≥ 0 or < 0 , (1.41) 
g λ = - 1 G LA < 0 , (1.42)
where the signs are deduced from the set of assumptions (1.2) and assumption (1.4).

By implicit differentiation of L A :

∂L A ∂ λ = 1 A L g λ f L A -g LA > 0, (1.43) ∂L A ∂ Ŝ = 1 A L g Ŝ f L A -g LA , (1.44) ∂L A ∂A L = L A A L g LA -g LA f L A -g LA . (1.45)
To get the sign condition of ∂L A ∂ Ŝ , rearrange g Ŝ in the following way:

g Ŝ = G G Ŝ LA (G LA ) 2 G LA G Ŝ G G Ŝ LA - G - λ G , (1.46) 1.A Proofs 47
where the cross marginal product of G is positive. Indeed, by homogeneity of degree one

G Ŝ LA = - LA Ŝ G LA 2 > 0, (1.47) since G L A 2 < 0 by (1.2).
Hence the sign of g Ŝ depends on the term in brackets. But the first term within the brackets is simply the elasticity of substitution for functions with constant returns to scale:

G LA G Ŝ G G Ŝ LA = σ       LA Ŝ       , (1.48)
where LA Ŝ is an argument of σ. Dropping the argument of σ for convenience, this yields the following sign condition for g I :

g Ŝ 0 ⇔ Y A -λ Y A σ, (1.49)
and finally:

∂L A ∂ Ŝ 0 ⇔ Y A -λ Y A σ.
(1.50)

The implications of different values of σ are easily deduced from (1.50).

To get the sign condition of ∂L A ∂A L , rearrange g LA -g LA in the following way:

g LA - g LA = 1 - G - λ LA G LA         1 + LA G LA 2 G LA         .
(1.51)

Using homogeneity of degree one, it can be shown that

LA G LA 2 G LA = - s S σ .
(1.52) Now using (1.52) and the fact that

s L A = LA G LA G : g LA - g LA = 1 - G - λ G 1 -s S σ s L A , (1.53)
slightly rearranging and using the fact that s L A = 1s S :

g LA - g LA = 1 - G - λ G σ -s S σ(1 -s S ) , (1.54)
this gives the sign condition for g LA -g LA :

g LA - g LA 0 ⇔ Y A -λ Y A σ -s S 1 -s S σ, (1.55)
and finally:

∂L A ∂A L 0 ⇔ Y A -λ Y A σ -s S 1 -s S σ.
(1.56)

Once again, the implications of different values of σ are easily deduced. In particular, one can see clearly the consequences of σ ≤ 1 using the equivalent inequality:

Y A -λ Y A 1 -s S σ 1 -s S 1.

1.A.2 Proof of Proposition 2

Proposition 2 involves straightforward first and second derivatives computations. They are given below.

X 1 = Y A -λ Y A 1 s S Y A -λ Y A + σ ν M 1 -s S s S 2 > 0, (1.57) ∂ L A ,A L ∂σ = X 1 1 -s S ν A ν M - λ Y A > 0, (1.58) ∂ L A ,A S ∂σ = -X 1 1 -s S ν A ν M < 0, (1.59) ∂ L A ,A ∂σ = -X 1 λ Y A < 0, (1.60) ∂X 1 ∂σ = -2X 1 1 -s S ν M s S Y A -λ Y A + σ ν M 1 -s S s S < 0.
(1.61)

1.B Main results under CES preferences 49 Given (1.61), first and second derivatives are opposite in sign.

1.B Main results under CES preferences

Let us assume that preferences take the following CES form:

U = ν A (C A -λ) -1 + ν M (C M ) -1 -1 , ν A + ν M = 1, > 0, (1.62)
then the following proposition is the equivalent of Proposition 1.

Proposition 3 Consider a competitive market economy whose technology is characterized by

(1.1) and (1.2), whose representative consumer has preferences (1.62) and with market clearing

(1.8).
Then, at an interior solution, the equilibrium allocation of labor L A reacts to exogenous parameters as follows:

∂L A ∂λ > 0, ∂L A ∂A 0 ⇔ -1 Y A λ ∂L A ∂M 0 ⇔ 1, ∂L A ∂A L 0 ⇔ Y A -λ Y A σ -s S 1 -s S σ , ∂L A ∂A S 0 ⇔ Y A -λ Y A σ .
By examining the sign conditions of ∂L A ∂A L and ∂L A ∂A S , it is apparent that CES preferences extend the initial results in a straightforward manner: the threshold of proximity to subsistence is now divided by . Intuitively, low substitution possibilities between goods means that technical change is effective further away from the state of subsistence. Another consequence of CES preferences is that Hicks-neutral technical change (both in agriculture and manufacturing) is now subject to conditions on . Thus, the idea of proximity to subsistence is now extended to Hicks-neutral technical change.

Proof of Proposition 3

This proof is analogous to the proof of Proposition 1 in Section 1.A.1. I give the derivatives of A Closer Look at the Mechanism of Structural Transformation the functions f and g, which are defined as in Section 1.A.1.

f (L A , M) = ν A ν M [MF(L M )] 1 MF (L M ) , (1.63) g( Ŝ , LA , λ, A) = [AG( LA , Ŝ ) -λ] 1 AG LA ( LA , Ŝ )
.

(1.64)

f L A = ν A ν M [MF] 1 -1 FF (F ) 2 - 1 < 0 , (1.65) f M = ν A ν M [MF] 1 -1 1-F MF ,
(1.66)

g LA = [AG -λ] 1 -1        1 + (G -λ A )(-G LA 2 ) (G LA ) 2        > 0 , (1.67) g Ŝ = [AG -λ] 1 -1 1 G Ŝ G LA -(G -λ A )G Ŝ LA (G LA ) 2 ≥ 0 or < 0 , (1.68) g A = [AG -λ] 1 -1 1-G + λ A AG LA < 0 , (1.69) 
g λ = - 1 [AG -λ] 1 -1 AG LA < 0 .
(1.70)

1.C The total effect of a change in the elasticity of substitution 51 1.C The total effect of a change in the elasticity of substitution

The analysis of partial effects of subsection 1.3.2 gives a straightforward picture of the link between σ and the elasticities of agricultural labor. Does this picture carry over to the analysis of total effects? The likely answer is "no, unless the economy is close to a state of subsistence". The main difficulty is that I could not derive an analogue to Proposition 2, since the total derivatives of L A ,A L , L A ,A S and L A ,A with respect to σ are extremely tedious.

There are two circumstances in which total effects and partial effects are equivalent. The first is when LA = Ŝ , since in this case Y A and s S trivially do not depend on σ. The second is asymptotically when σ → ∞, since in this case Y A and s S converge to finite limits. If total effects and partial effects are not equivalent, one can search for conditions on the parameters that likely determine the pattern of total effects. One such condition can be found in noticing that Y A is increasing in σ, but that s S can be decreasing or increasing in σ depending on whether LA > Ŝ or LA < Ŝ . Following this idea, Figure 1.2 plots the total effect of σ depending on whether LA is greater or smaller than Ŝ . When LA is greater than Ŝ in panel (a), the curves are similar to panel (c) shows what happens when LA is smaller than Ŝ but the economy is close to a state of subsistence. In these circumstances, non-monotonicity could become negligible. 

1 Σ 1 1 Ε L A Ε L A ,A L Ε L A ,A S Ε L A ,A 0 (a) λ = 0, LA > Ŝ 1 Σ 1 1 Ε L A Ε L A ,A L Ε L A ,A S Ε L A ,A 0 (b) λ = 0, LA < Ŝ 1 Σ 1 Ε L A Ε L A ,A L Ε L A ,A S Ε L A ,A 0 (c) λ > 0, LA < Ŝ Figure 1

Introduction

In the literature of structural transformation, one of the key research questions is the relevance of closed economy models to explain and describe the dynamics of sectoral employment. A majority of theoretical papers have chosen to develop a closed economy model as an approximation of the situation faced at a country level (e.g. [START_REF] Echevarria | Changes in Sectoral Composition Associated with Economic Growth[END_REF], [START_REF] Kongsamut | Beyond Balanced Growth[END_REF], [START_REF] Ngai | Structural Change in a Multisector Model of Growth[END_REF], [START_REF] Duarte | The Role of the Structural Transformation in Aggregate Productivity*[END_REF]). This assumption means that domestic prices are entirely determined by domestic productivity levels, and that any interaction with the world economy is irrelevant. How good is really this approximation? This question is the focus of the present paper.

Directly related to this question is the role of agriculture in the industrialization process.

It is widely recognized by economists and historians that the XVIII th century's Agricultural

Revolution was a prerequisite of the XIX th century's Industrial Revolution in Europe. Earlier development economists such as [START_REF] Schultz | The Economic Organization of Agriculture[END_REF], [START_REF] Johnston | The Role of Agriculture in Economic Development[END_REF] or [START_REF] Timmer | Chapter 8 The agricultural transformation[END_REF] made the point that no progress of the industrial sector could occur without a significant drop in food prices that would allow income to be spent on manufacturing goods. But today, now that roughly half of the world production is made by countries that went through industrialization and beyond, what would be the best policy for countries that still have to achieve this step?

If economies essentially behave as closed worlds, then giving priority to agriculture is still probably best practice. But the interdependence of the world economy created new paths of industrialization whereby agricultural development might be squeezed in favor of policies directly aimed at the industrial sector. Indeed, in the context of international trade, patterns of domestic consumption can widely differ from patterns of domestic production, and a country can industrialize by relying on export markets.

In fact, relying too much on agriculture might in some circumstances turn out to be counterproductive. Economic historians [START_REF] Mokyr | Industrialization in the Low Countries[END_REF], [START_REF] Field | Sectoral shift in antebellum Massachusetts: A reconsideration[END_REF], [START_REF] Wright | Cheap Labor and Southern Textiles before 1880[END_REF]) analyzing early and late industrializers had already observed that highly productive agriculture can lead to high wages that prevent light manufacturing industries from hiring labor. In the context of a small open economy model, many economists have noted that the growth of agricultural productivity might slow down the process of industrialization through an increased comparative advantage in primary products (e.g. [START_REF] Matsuyama | Agricultural productivity, comparative advantage, and economic growth[END_REF][START_REF] Matsuyama | Structural Change in an Interdependent World: A Global View of Manufacturing Decline[END_REF], [START_REF] Echevarria | Agricultural Development vs. Industrialization: Effects of Trade[END_REF]). Developing countries would then run the risk of being stuck in specializations with a low potential for productivity growth.

For this reason, trade openness has been seen as a key element of the industrialization strategy, Results are unambiguous for Europe, North America and the Asian continent: trade weakens the link between agricultural productivity and sectoral employment, but its effect is small within the range of trade openness that most countries deal with. However, the direct effect of trade on sectoral employment (without the mediation of agricultural productivity) is substantial and clearly favors industrialization. This suggests that policies of trade liberalization do contribute to industrialization, but that they do not change substantially the pattern of structural change in the domestic economy: domestic employment still largely depends on domestic productivity levels.

In Africa and Latin America, the direct and indirect effects of trade are not as well identified and are subject to caution. Still, the available evidence is in line with the results of other continents.

A more striking result in these regions is the dissymetry between manufacturing and services.

For example, I estimate that an increase in agricultural productivity in Africa has a positive effect on employment which is roughly three times higher in services than in manufacturing. I discuss the likely reasons for this dissymetry, which are at the center of the debate on "premature deindustrialization" [START_REF] Palma | Chapter 3 Four Sources of "De-Industrialization" and a New Concept of the "Dutch Disease[END_REF], [START_REF] Tregenna | Characterising deindustrialisation: An analysis of changes in manufacturing employment and output internationally[END_REF], Rodrik (2016b), [START_REF] Felipe | Manufacturing matters. . . but it's the jobs that count[END_REF]). of [START_REF] Diao | Agricultural Labour Productivity and Industrialisation: Lessons for Africa[END_REF] in that agricultural productivity is identified as a driver of manufacturing employment in Europe, North America and Asia. Nevertheless, my findings suggest that Africa and Latin America do not follow the same pattern than the rest of the world, as the generation of employment in manufacturing and services is dissymetric.

The remainder of the paper is organized as follows. Section 2.2 develops a simple model of structural change to clarify the issues at stake. Section 2.3 designs an empirical strategy to test the model and comments on the regression results. Section 2.4 discusses the origins of the dissymetry between manufacturing and services as observed in the data for Africa and Latin America. In particular, it reviews the recent literature on premature deindustrialization and proposes a simple modification to the model of Section 2.2 to take into account these concerns.

Section 2.5 concludes.

The model

Static results

In this section, I describe how different assumptions of tradability translate into different structural change mechanisms, and the implications of these mechanisms for a public policy commited to industrialization. The model is close in specifications to [START_REF] Ngai | Structural Change in a Multisector Model of Growth[END_REF], in that the nature of structural change critically depends on the regime of substitution between final goods. Static results are presented first-these are the results that are going to be empirically tested-, then follows a short discussion on a dynamic version of the model.

The economy has three sectors of activity; agriculture, industry and services. I identify the industrial sector with transformed tradable goods while the service sector is identified with non-tradable goods. In agriculture, both non-tradability and tradability are going to be assessed in turn, so that the effect of opening to trade, which is central in this model, is made clear. Output of agriculture, industry and services are denoted respectively Y A , Y M and Y S . The economy is only endowed with one unit of labor, and each sector compete for the same pool of workers.

Additionally, all sectors share the same production function, possibly differing in their level of total factor productivity. Formally,

Y j = j (L j ) δ , j = A, M, S , δ ∈ [0, 1) , (2.1) 
L A + L M + L S = 1. (2.2)
L A , L M and L S stand for labor in agriculture, manufacturing and services respectively and the scale factor j denotes total factor productivity. Competition for labor ensures that the marginal product of labor is equalized across sectors:

p A A (L A ) δ-1 = M (L M ) δ-1 = p S S (L S ) δ-1 , (2.3)
where p A and p S denote output prices of agriculture and services and the price of industrial goods has been normalized to one. Turning to consumers, I assume the existence of a representative household with CES preferences over final goods. Denoting C A , C M and C S these final goods, this gives:

U = α A (C A ) σ-1 σ + α M (C M ) σ-1 σ + α S (C S ) σ-1 σ σ σ-1 , 0 < σ < 1, (2.4)
where I have assumed that the final goods are gross complements; this is natural since the final goods are meant to represent broad categories of human needs. In a closed economy, this assumption means that when the productivity of a sector increases, the demand is not elastic enough to absorb the extra supply at constant employment. As a result, employment must diminish in that sector. The budget constraint of the representative consumer writes:

p A C A + C M + p S C S = w + π (2.5)
where w is the wage rate and π is the sum of profits from the three sectors.

The model is now solved using market clearing conditions that reflects either non-tradability or tradability of agriculture. In either case, I assume for simplicity that the representative household cannot borrow nor lend abroad so that trade must be balanced.
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In a closed economy If agriculture produces non-tradable goods and trade is balanced, the economy becomes de facto a closed economy 1 and the market clearing condition is simply

C j = Y j , j = A, M, S .
(2.6)

The equilibrium allocations of labor are symmetrical and can be solved in closed form:

L j = α j ( j) -1-σ σ 1 1+δ 1-σ σ j α j ( j) -1-σ σ 1 1+δ 1-σ σ , j = A, M, S .
(2.7)

In a semi-open economy

If agriculture produces tradable goods, the trade balance writes:

p A C A + C M = p A Y A + Y M . (2.8)
And the domestic consumption of services must equal its production, or,

C S = Y S .
(2.9)

Now, the solution is symmetrical for the two tradable goods only:

L A = (p A A) 1 1-δ (p A A) 1 1-δ + M 1 1-δ + X ,
(2.10)

L M = M 1 1-δ (p A A) 1 1-δ + M 1 1-δ + X , (2.11) L S = X (p A A) 1 1-δ + M 1 1-δ + X , (2.12) X =          (p A A) 1 1-δ + M 1 1-δ α A α S σ p A 1-σ + α M α S σ S 1-σ          1 1-(1-δ)(1-σ)
.

(2.13) I now state the main results of this subsection under Proposition 4 below. Appendix 2.A gives Agricultural Productivity as a Prerequisite of Industrialization additional results for this proposition as well as the proof for Proposition 5 in the next subsection.

Proposition 4 Consider a competitive market economy whose technology is characterized by

(2.1) and labor market by (2.2) and whose representative consumer has preferences (2.4).

In a closed economy

∂L A ∂A < 0, ∂L M ∂A > 0, ∂L S ∂A > 0.
(2.14)

In a semi-open economy

∂L A ∂A 0 ⇔ L M L A L S , ∂L M ∂A < 0, ∂L S ∂A > 0, (2.15) where = (1-δ)(1-σ) 1-(1-δ)(1-σ) > 0 and L A is increasing then decreasing in A.
When agriculture is non-tradable, a rise in agricultural productivity releases labor from agriculture to both industry and services. As stated before, this is because while the price of agricultural goods diminishes, the demand is not elastic enough to absorb the extra supply at constant employment. When agriculture is tradable, the mechanism of structural change is more sophisticated.

The first noticeable result is that a rise in agricultural productivity increases employment in the service sector but decreases employment in the industrial sector. Simply put, the industrial sector is tradable and a rise in agricultural productivity decreases its comparative advantage. The service sector is non-tradable and benefits from the expansion of the domestic market through an increase in the consumer's budget. Now what about employment in agriculture?

The surprising result of the semi-open economy model, which I believe has not been discussed in the recent literature, is that agricultural employment does not necessarily increase with agricultural productivity. In fact, if agriculture has a strong initial comparative advantage, agricultural employment decreases with a rise in agricultural productivity. To see this, let us rewrite the sign condition of ∂L A ∂A in (2.15) in terms of exogenous parameters: 

∂L A ∂A 0 ⇔ M p A A 1 1-δ L S , ( 2 
∂L A ∂A 0 ⇔ f A * M * M A 1 1-δ L S ,
(2.18)

If the home economy has a strong comparative advantage in agriculture compared to the world economy, the term f A * M * M A 1 1-δ is small and agricultural employment may decrease with agricultural productivity. Another interesting feature of (2.18) is that a large service sector will also increase the likeliness of this situation3 . This is despite the fact that agriculture is fully open to trade. Thus, in an economy with a specialization in primary products and a large nontradable sector, a positive productivity shock in primary products may lead to a transfer of labor out of agriculture and in the nontradable sector.

Dynamic results

Imagine now that all sectors face a positive productivity growth. Which dynamic conditions are compatible with industrialization? Proposition 5 below summarizes the answer.

Proposition 5 Consider the economy of Proposition 4.

Let us assume that Ȧ

A = γ A , Ṁ M = γ M , Ṡ S = γ S , γ A , γ M > γ S .
(2.19)

Then:

(a) L S is monotonically increasing over time and lim t→∞ L S = 1.

(b) L M and L A are either hump-shaped or monotonically decreasing.

(c) In a closed economy,

L M is hump-shaped ⇒ γ M < γ A . (d) In a semi-open economy, L M is hump-shaped ⇒ γ M > γ A .
2. The equation for world prices is

1 p A = A * M * 1 δ+(1-δ)σ α * A α * M -(1-δ)σ δ+(1-δ)σ .
(2.17)

Agricultural Productivity as a Prerequisite of Industrialization

In this dynamic setting, let us assume that the service sector has the lowest rate of total factor productivity. Accordingly, this sector will absorb all the workforce over the long run, whether agriculture is tradable or not. It is also possible to conjecture that L M and L A are either humpshaped or decreasing. Part (c) of Proposition 5 states that if agriculture is non-tradable, a necessary condition for the path of industrial employment to be hump-shaped is that agriculture has a higher rate of productivity. Now, this condition turns out to be reversed when agriculture is tradable.

Let us say for the sake of example that agriculture is a tradable sector and that policy makers can influence the growth of total factor productivity in agriculture and industry. If policy makers choose a path of equal or higher productivity growth in agriculture, this will lead to a steadily decreasing share of industrial employment. As the service sector gradually absorbs all the workforce, the economy will exhibit tertiarization without industrialization. This situation is depicted in panel (a) of Figure 2.1.

If instead policy makers choose a path of higher productivity growth in industry, this may generate a hump-shaped pattern of industrial employment as is observed today in developed countries. This case is pictured in panel (b) of Figure 2.1. Though not sufficient to achieve this hump-shaped pattern, this policy is a necessary condition. As described in Appendix 2.A, a sufficient condition to achieve a hump-shaped pattern of industrial employment is that the ratio γ M -γ S γ M -γ A be high enough.

This conclusion is critical for present-day developing countries, most of which have agricultural sectors that sell their product on international markets. If the semi-open economy model turns out to be appropriate, a policy aimed at industrializing must put greater emphasis on the productivity of the industrial sector. This insight however contradicts the conclusion of classical closed-economy frameworks of structural change, where a relative emphasis on agricultural productivity is the best policy. have opposite effects on industry and services, given the non-tradability of services. This will concretize in the fact that tertiary employment changes its behavior at a higher level of trade openness than industrial employment does.

Empirical evidence using panel data

This section is devoted to an empirical assessment of the validity of Proposition 4 in Section 2.2. In a closed economy, agricultural productivity is presumably negatively correlated with the share of agricultural employment, and positively correlated with the share of employment in industry and services. In a semi-open economy, agricultural productivity is negatively correlated with the share of employment in industry but positively correlated with the share of employment in services. These statements are tested at a country level using a panel data regression.

Data & empirical strategy

I use the Groningen Growth and Development Center (GGDC) 10-Sector Database [START_REF] Timmer | Chapter 4 Patterns of structural change in developing countries[END_REF]) to assemble data on sectoral employment and sectoral value added at the country level 4 . In this database, data on sectoral value added originates from the National Accounts, while data on sectoral employment comes from both population censuses and labor force surveys.

The GGDC database contains series from 1950 up to 2013 for 13 countries in Africa, 11 countries in Asia, 9 in Latin America and 8 in Europe 5 . The singularity of the database is that it allows 4. https://www.rug.nl/ggdc/productivity/10-sector/ Database last updated in January 2015.

5. Hong-Kong data ranges from 1974 to 2011. I have not included data points prior to 1985 as there seems to have been an error in data collection on government employment before this date (the database displays zero civil servants for the period 1981-1984, and a unusually high growth rate for 1974-1980). I divide the ten sectors included in the GGDC database into three broad sectors. Agriculture is defined as the sum of agriculture, forestry and fishing and industry is defined as the sum of mining and manufacturing. Services are a residual sector including construction, public utilities, trade, transportation, business services, government services and personal services. Note that the construction sector is conventionally included in industry, but I choose not to define it this way because of its nature as a non-tradable sector. This is for the purpose of sticking with the hypotheses of the model of Section 2.2, where the industrial sector is assumed to be tradable.

Agriculture

In line with this reasoning, mining and manufacturing generally produce the highest share of tradable output at a country level [START_REF] Bykova | Tradability Index: A Comprehensive Measure for the Tradability of Output[END_REF]).

Once the three broad sectors have been set, I define sectoral productivity as sectoral value added per worker in constant 2005 prices, a proxy for total factor productivity 6 7 . Finally, sectoral employment follows the definition of employment of the GGDC database, including employees, self-employed and family workers. For each broad sector j = A, M, S , the following equation is estimated:

S E j it = β j 0 + β j 1 ln(Prodagri it ) + β j 2 Open it + β j 3 Open it • ln(Prodagri it ) + Z it γ j + µ j i + λ j t + j it ,
(2.20)

where S E j it is the share of employment in sector j, country i and year t, Prodagri it is agricultural value added per worker in country i and year t, Open it is the sum of exports and imports over GDP in country i year t (World Bank (World Development Indicators) and various other sources 8 ) and Z it is a vector of additional controls including log of value added per worker in industry, log of value added per worker in services, and an index of agricultural prices deflated by manufacturing prices (FAO Food Price Index, Food and Agriculture Organization). The index of agricultural prices is computed by weighting world agricultural prices with world exports, and then deflated using the World Bank's manufactures unit value (MUV) index. Finally, µ j i and λ j t are the usual 6. In the vocabulary of Section 2.2, value added per worker in constant 2005 prices is equal to p j,2005 j t (L j t ) δ-1 , where t denotes time and p j,2005 is the price of good j in 2005 local currency units.

7. West Germany (the Federal Republic of Germany), whose value added is expressed in constant 1991 prices, has been excluded from the regressions.

8. Taiwan: National Statistics of the Republic of China (Taiwan). Ethiopia: International Monetary Fund (International Financial Statistics). Mauritius, Tanzania, Zambia: United Nations Statistics Division (National Accounts Main Aggregates Database). country and time fixed-effects.

Because employment in the three sectors must sum to one, i.e. S E A it + S E M it + S E S it = 1, the parameters of equation (2.20) are subject to cross equation restrictions. The constants must sum to one across sectors, i.e. β A 0 + β M 0 + β S 0 = 1, and all other parameters must sum to zero across sectors, for example

β A 1 + β M 1 + β S 1 = 0.
The error terms must also sum to zero, i.e.

A it + M it + S it = 0. This linear dependence means that the estimation of system of equations (2.20) would involve dropping one of the equation and estimating only two of them. However, each equation in (2.20) has exactly the same regressors and as a consequence the standard methods for estimating systems of equations (ordinary and generalized least squares) are both equivalent to OLS equation by equation (see [START_REF] Wooldridge | Econometric Analysis of Cross Section and Panel Data[END_REF]). The latter is the method used in this paper.

In any of the regression tables that follow, one can check that the cross equation restrictions hold (the sum is not exact due to rounding) by summing the estimated parameters in row.

With specification (2.20), β j 1 is to be interpreted as the marginal effect of an increase in agricultural productivity in a closed economy (i.e. with Open it = 0), while β j 3 reports how this marginal effect is modified by trade openness. Also, it should be mentioned that value added per worker is measured in local currency units. The log specification in (2.20) means that this country-specific scale factor is confounded with the country fixed effect µ j i . Endogeneity tests for ln(Prodagri it ) using lagged values of the agricultural share of employment as instruments strongly reject the hypothesis that ln(Prodagri it ) is exogenous. Endogeneity is likely to arise because of a simultaneity problem: a decreasing agricultural employment share might cause labor productivity to rise as labor becomes scarce. To reduce the influence of this problem, I choose a two-stage least square estimation strategy whereby lagged values of agricultural employment are used as instrumental variables for ln(Prodagri it ). That is, the first-stage regression is the following: 

ln(Prodagri it ) = α 0 + α 1 S E A it-1 + α 2 S E A it-2 + α 3 Open it + α 4 Open it • ln(Prodagri it ) + Z it δ + ν i + ξ t + η it , ( 

Results

The first-stage results of the 2SLS regressions are shown in Appendix 2.B, both for regions and income groups. As expected, the first lag and sometimes the second lag of agricultural employment are significantly correlated with agricultural productivity, with the only exception being the group of high income countries. In this subsection, I only discuss the OLS and secondstage IV regressions. The discussion begins with the results on regions, which are presented in Tables 2.2 to 2.9.

In Europe and North America (Table 2.2 and 2.3), the results are similar for OLS and IV and essentially confirm Proposition 4. First, agricultural productivity is significantly correlated with a decrease in the share of agricultural labor and significantly correlated with an increase in the share of industry and services as predicted by the closed economy model. Practically in Table 2.3, an increase of 10% in agricultural productivity decreases agricultural employment by roughly 2 percentage points and increases industrial and tertiary employment by roughly 1 percentage point.

Second, the sign of the interaction term between trade and agricultural productivity is positive for agriculture, and negative for industry and services. As trade openness increases, the link between agricultural productivity and sectoral employment gradually reverses. Moreover, the coefficient of this interaction term is lower in absolute value for services, reflecting the lower tradability of services. This means that there is a range of trade openness such that the marginal effect of agricultural productivity on employment (β j 1 + β j 2 Open it ) is negative for industry and positive for services, as predicted by the semi-open economy model. If trade openness is sufficiently high though, even the marginal effect on services will become negative. This was precluded by Proposition 4.

One question that can be answered immediately is the following: what is the threshold of trade openness such that the marginal effect of agricultural productivity on employment is zero? Using the coefficients of Table 2.3, this threshold is 273%, 239% and 316% for agriculture, industry and services respectively 9 . Thus, even so trade openness dampens the effect of agricultural productivity on labor, the predicted amount of trade openness required so as to reverse the relationship (e.g. a negative correlation between agricultural productivity and agricultural labor) 9. In equation (2.20), the marginal effect of agricultural productivity growth on employment is β j 1 + β j 3 Open it . Setting this marginal effect to zero means that Open it = -

β j 1 β j 3
. In Table 2.3 for example, the threshold for agriculture is found by dividing the coefficient of ln(Prodagriculture) by the coefficient of Openness x ln(Prodagri) and taking the opposite.

Agricultural Productivity as a Prerequisite of Industrialization is very high, and few countries in the sample have reached this threshold 10 . If the indirect effect of trade on employment (β j

3 ) is arguably small, its direct effect on employment (β j 2 ) however can be viewed as substantial. In Table 2.3, an increase of one point in trade openness translates into an increase of roughly a third of point in industrial employment and a decrease of nearly half a point in agricultural employment.

Finally, an interesting feature of Europe and North America is that agricultural prices are predicted to increase agricultural employment and are predicted to decrease industrial and tertiary employment. This is in line with intuition, even so an increase in p A in the semi-open economy model of Section 2.2 does not necessarily bring such results.

In Table 2.4 and 2.5, Asia shows a similar picture as Europe and North America. The coefficients on ln(Prodagri it ) are consistents with Proposition 4, while the coefficients on the interaction term Open it • ln(Prodagri it ) predicts that trade openness dampens the effect of agricultural productivity on sectoral employment, at least in the IV regression. Once again, trade openness has a smaller effect on services, both directly and indirectly through agricultural productivity. Also, the level of trade openness that cancels any effect of agricultural productivity on labor is very high: 651%, 587% and 779% for agriculture, industry and services respectively in Table 2.5. No country in the sample has ever reached these levels.

A distinctive feature of Asia is that the productivity of each sector has a significant negative impact on the share of labor in that sector, a feature that creates a diagonal of negative coefficients in the first three lines of Table 2.4 and 2.5. This diagonal of negative coefficients is consistent with the predictions of the closed economy model of Section 2.2 (see Appendix 2.A.1 Table 2.14 for a summary of all the predictions).

Turning to Latin America in Table 2.6 and 2.7, a salient result is that there is a weak statistical link between agricultural productivity and industrial labor, although the significance and sign of the coefficient is preserved for agriculture and services. This is equally true of the interaction term between trade openness and agricultural productivity, at least in the IV regression. Another striking difference is that the coefficients on the direct effect of trade openness are no longer significant in both OLS and IV, while it was strongly significant for Asia and Europe. It seems difficult to assert the role of trade in this region with confidence.

10. Only three countries in the sample reach levels of trade openness higher than 200%: Hong Kong, Singapore and Malaysia. Openness does not exceed 220% in Malaysia while Singapore and Hong Kong reach levels above 400%.

Closing the discussion on regions, Table 2.8 and 2.9 present the results regarding North Africa and Sub-Saharan Africa. Strikingly, the results differ widely between OLS and IV, suggesting a better fit for the IV model. In the OLS regression in Table 2.8, results are similar to what was found for Latin America: there is no statistically significant relationship of agricultural productivity with industrial labor, but this significance is preserved for agricultural and tertiary labor. The coefficients of ln(Prodagri it ) have a significance of 14.3% and 11.6% for agriculture and services respectively, close to the 10% threshold, but a significance of 92.9% for industry.

On the other hand, the IV regression in Table 2.9 shows strong statistical significance between agricultural productivity and sectoral labor, notably a 5% significance level for industrial labor, and a diagonal of negative coefficients comparable with Asia. Note however that in Table 2.9 the magnitude of the coefficient of ln(Prodagri it ) with respect to industrial labor is less than one third of what it is for services. This confirms that there is a dissymetry between industrial labor on one side and tertiary labor on the other. This feature stands out since by contrast the regressions on Europe, North America and Asia find similar magnitudes between industry and services for this coefficient (see Tables 2.3 and 2.5). In fact, in Asia (Table 2.5) this coefficient is roughly 50% higher in industry than in services.

Finally, in Africa much like in Latin America, nothing strong emerges from the trade variables.

Note however that in the IV regression (Table 2.9) the signs of the trade variables are consistent with what was found for other regions of the world. Besides, one possibility is that trade openness plays a role indirectly through agricultural prices. In Latin America and Africa the effect of agricultural prices on employment, though not statistically significant, is predicted to be substantial: a 1% increase in prices translates into an increase in agricultural employment of 2.8 and 1.4 points in Latin America and Africa respectively (Tables 2.7 and 2.9).

Will these results change if the sample is now divided by income group? Table 2.1 shows the World Bank income classification applied to the sample. Lower income classes have fewer countries, which makes it difficult to obtain clear results when regressed separately. In Tables (2.10) to (2.13) I have chosen to display the regression results of high income countries first, then middle and low income countries grouped together. Appendix 2.C shows four additional regressions where upper middle income countries have been regressed separately from low and lower middle income countries. In Tables (2.10) and (2.11), high income countries do not provide clear results. I surmise that this is caused by too disparate historical contexts within the high Agricultural Productivity as a Prerequisite of Industrialization income group, with countries located in Asia, Latin America, North America and Europe. On the other hand, regressions on middle and low income countries (Tables (2.12) and (2.13)) provide interesting results that confirm what was found for Africa and Latin America. Agricultural productivity has a substantially smaller effect on industrial labor than on services, and is not significant in the OLS regression. Evidence on the role of trade is weak, but consistent with the idea that trade dampens the effect of agricultural productivity on labor. Another noticeable result is that IV-much like in the regressions on regions-gives more quantitative importance to labor productivity in comparison with OLS. Comparing Table (2.12) to Table (2.13), OLS predicts that a 10% increase in agricultural productivity will decrease agricultural labor by approximately 1 point while this number rises to 7 points in the IV regression.

On the whole, the empirical results suggest that the relationships to be expected from the closed economy model are validated by the data. In developed regions, openness to trade is dampening the effect of agricultural productivity on labor, but its impact is small and within a reasonable range it does not reverse the correlation as would be the case in a small open economy.

In middle and low income countries, identifying the role of trade openness is more difficult and there is something puzzling: the effect of agricultural productivity on industry is distinct from its effect on services. As the next section will tell, this trait is likely related to trade itself but it is not the only cause.

Back to theory : why is the relationship between agricultural productivity and industrialization dysfunctional in

Africa and Latin America?

The empirical results of Section 2.3 raise a simple question: why is there a weaker link between agricultural productivity and industrialization in some parts of the world, namely Latin America and Africa? Among the most plausible explanations, the recent literature has emphasized that the effects of premature deindustrialization [START_REF] Palma | Chapter 3 Four Sources of "De-Industrialization" and a New Concept of the "Dutch Disease[END_REF][START_REF] Tregenna | Characterising deindustrialisation: An analysis of changes in manufacturing employment and output internationally[END_REF], Rodrik (2016a), (2016b), [START_REF] Felipe | Manufacturing matters. . . but it's the jobs that count[END_REF]) are particularly severe in Latin America and Africa. That is, they deindustrialize earlier than what the trajectory of developed countries would suggest, reaching their peak employment in industry at lower levels of income per capita. In this 2.4 Back to theory : why is the relationship between agricultural productivity and industrialization dysfunctional in Africa and Latin America? 87 section, I start by summarizing the different causes that have been attributed to this stylized fact, then I sketch how some of these observations can be integrated into a theoretical framework by modifying the model of Section 2.2 in a simple manner. employment amounts to an increase in the ratio A M , which indeed causes deindustrialization. 3. The difficulty in creating manufacturing jobs is also related to a difficulty in growing out of informality. Rodrik (2016b) observes that "In Latin America, as manufacturing has shrunk informality has grown and economy-wide productivity has suffered. In Africa, urban migrants are crowding into petty services instead of manufacturing, and despite growing Chinese investment there are as yet few signs of a significant resurgence in industry." In Africa, informal employment largely dominates the manufacturing sector, reaching more than 90% of industrial employment in countries like Ethiopia, Senegal and Ghana (Rodrik (2016a)). In Latin America, the majority of jobs are concentrated in small informal firms, including in the manufacturing sector [START_REF] Remes | Latin America's missing middle: Rebooting inclusive growth[END_REF]).

4. Another closely related explanation is the lack of an attractive business environment for entrepreneurs. In Africa, [START_REF] Gelb | Development as Diffusion: Manufacturing Productivity and Sub-Saharan Africa's Missing Middle[END_REF] have listed some of the biggest impediments to entrepreneurship. Among these, firms are constrained by costly transportation services and power outages, they routinely pay bribes on top of labor costs due to poor contract enforcement and they face a small market size due to low population density. Additionally, the creation of new businesses is hindered by monopoly rents that operate under the government's blessing.

These obstacles seem to weigh disproportionately on large manufacturing firms which require a large number of transactions to operate (ibid.).

In Latin America, Álvarez et al. (2019), [START_REF] Remes | Latin America's missing middle: Rebooting inclusive growth[END_REF] and [START_REF] Bolio | A tale of two Mexicos: Growth and prosperity in a two-speed economy[END_REF] have identified a similar but different list of obstacles. First, a strong concern exists that complex or stringent tax systems and labor laws encourage informality and discourage firm growth. In Mexico for example, informal businesses purchase electricity as residential users, therefore benefiting from lower nominal energy prices as well as government subsidies. Their effective energy price is thus reduced to 25 percent of what registered companies pay [START_REF] Bolio | A tale of two Mexicos: Growth and prosperity in a two-speed economy[END_REF]).

Second, small and medium-sized firms face high interest rates on the market of loanable funds and the lack of competition creates high barriers to entry. Third, some countries in the region face high business costs related to criminal activities.

Explanations 1 and 2 link premature deindustrialization with trade openness and international competition with Asian manufacturing exporters. Despite the uncertain role of trade in Latin America and Africa, the absence of dissymetry between industry and services in Europe and North America and the dissymetry in favor of industry in Asia is consistent with these explanations.

The likely reason why Europe and North America have been unaffected by this symptom is that they have industrialized prior to the context of heightened international competition in the 1980s. As to explanations 3 and 4, can they reliably account for difficulties in manufacturing employment? That is the subject of the next subsection.
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Fixed costs in the manufacturing sector

Y j = j (L j ) δ , j = A, S , (2.22) Y M =          0 if L M < K M(L M -K) δ if L M ≥ K δ ∈ [0, 1). (2.23)
K is the amount of fixed costs evaluated in labor units that the representative manufacturing firm must pay before starting operations. This fixed cost is not sunk and the firm can always choose to shut down. Because the firm has an area of increasing returns, it is subject to an efficient scale. This efficient scale in terms of labor input is simply L = K 1-δ . In addition, I modify the representative consumer's preferences to include a positive endowment of manufacturing goods:

U = α A (C A ) σ-1 σ + α M (C M + µ) σ-1 σ + α S (C S ) σ-1 σ σ σ-1 , 0 < σ < 1.
(2.24)

I interpret this positive endowment as a free gift of manufacturing goods coming from the informal sector (e.g. from within the household). The role of this hypothesis is to introduce an alternative technology for the production of manufacturing goods that will serve households' needs in the absence of the formal manufacturing sector. Finally, I assume that the economy is closed:

C j = Y j , j = A, M, S .
(2.25)

Two types of equilibria arise, depending on whether the formal manufacturing sector chooses to pay the fixed cost or not. Its decision depends on whether the price of manufacturing goods exceeds the minimum of the average cost. Denoting Ȳ M as the efficient scale in terms of output and w as the competitive wage rate, this condition writes out as

p M ≥ AC( Ȳ M ) (2.26) ⇔ p M ≥ w δM δ 1 -δ K 1-δ
(2.27) I now give the labor allocations of both equilibrium types.

No production in the formal manufacturing sector

The firms' profit maximization conditions are

p A A (L A ) δ-1 = p S S (L S ) δ-1 and
(2.28)

p M ≤ w δM δ 1 -δ K 1-δ . (2.29)
In equilibrium, this results in the following allocation of labor:

L j = α j ( j) -1-σ σ 1 1+δ 1-σ σ α A (A) -1-σ σ 1 1+δ 1-σ σ + α S (S ) -1-σ σ 1 1+δ 1-σ σ , j = A, S , (2.30) L M = 0.
(2.31) Equation (2.29) is turned at equilibrium into the following relation:

M ≤ µ 1 σ α M δ 1 -δ K 1-δ α A A -1-σ σ 1 λ + α S S -1-σ σ 1 λ λ , with λ = 1 + δ 1 -σ σ > 0.
(2.32)
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The firms' profit maximization conditions are

p A A (L A ) δ-1 = p M M (L M ) δ-1 = p S S (L S ) δ-1 and (2.33) p M ≥ w δM δ 1 -δ K 1-δ . (2.34)
This results in the following implicit allocation of labor:

L j =        α j α M j M -1-σ σ        σ δ+σ(1-δ) f (L M , M) , j = A, S , (2.35) f (L M , M) j=A,S        α j α M j M -1-σ σ        σ δ+σ(1-δ) + L M = 1, where f (L M , M) = (L M -K) σ(1-δ) µ M + (L M -K) δ 1 δ+σ(1-δ) .
(2.36)

Given that L M is only implicitly defined it is not possible to express condition (2.34) in terms of exogenous parameters like equation (2.32) above. However it can be expressed in terms of labor input as

L M ≥ K 1 -δ (2.37)
Proposition 6 below studies how sectoral employment reacts to an exogenous increase in agricultural productivity under the two types of equilibria. For the no production equilibrium, the results are obtained by direct differentiation. For the production equilibrium, the results are obtained by implicit differentiation.

Proposition 6 Consider a competitive market economy whose technology is characterized by

(2.22) and (2.23), whose representative consumer has preferences (2.24) and which is closed to trade.

In an equilibrium with no production in the formal manufacturing sector, the inequality

M ≤ µ 1 σ α M δ 1 -δ K 1-δ α A A -1-σ σ 1 λ + α S S -1-σ σ 1 λ λ ≡ M 0 with λ = 1 + δ 1 -σ σ > 0 (2.38)
must hold, and

∂L A ∂A < 0, ∂L M ∂A = 0, ∂L S ∂A > 0, (2.39)
provided inequality (2.38) is preserved by a marginal change in A.

In an equilibrium with production in the formal manufacturing sector, the inequality

L M ≥ K 1 -δ (2.40)
must hold, and

∂L A ∂A < 0, ∂L M ∂A > 0, ∂L S ∂A > 0, (2.41)
provided inequality (2.40) is preserved by a marginal change in A.

In an equilibrium with no formal manufacturing production, an increase in agricultural productivity leads to a transfer of labor from agriculture to services, without increasing industrial employment. The key equation from Proposition 6 is inequality (2.38), a necessary condition for an equilibrium with no formal manufacturing sector to emerge. As long as manufacturing productivity is below the threshold M 0 in (2.38), it is not profitable for the formal manufacturing firm to pay the fixed cost K and to start producing. Equation (2.38) shows that M 0 is increasing in µ and K, respectively the output from the informal manufacturing sector and the fixed cost;

and decreasing in A and S , the total factor productivity in agriculture and services. This is an important point: even so a marginal increase in agricultural productivity may not transfer labor to the manufacturing sector (depending on the type of equilibrium involved) at the very least one can say that a low agricultural productivity decreases the profitability of the formal manufacturing sector, enabling a no-production equilibrium to emerge.

If agricultural productivity is subject to a large change, how much is enough til the manufacturing sector starts to operate? Equation (2.38) does not say that once the inequality is reversed the manufacturing sector will start to operate, merely that at the no production equilibrium prices it is not willing to operate. Solving in closed form for the level of agricultural productivity that enables the manufacturing sector to operate is not possible here. From (2.40), the only thing known is that A must be such that the optimal level of L M exceeds K 1-δ . Also, since the Second Welfare Theorem fails because of increasing returns, there are combinations of exogenous parameters for which utility maximization of the representative 2.5 Conclusion 93 household cannot be achieved through a market equilibrium. In particular, if maximizing the utility of the representative household implies choosing L M in K; K 1-δ then the formal manufacturing sector is making losses and cannot be profit-maximizing. However, this allocation is achievable through a marginal cost pricing equilibrium, where the formal manufacturing sector maximizes profits only locally. In practice, it means that the formal manufacturing firm would have to be owned by the government, or at the very least that a regulation would forbid the managers to shut it down (see [START_REF] Quinzii | Increasing returns and efficiency[END_REF]).

To sum up, the model has established that the presence of fixed costs can prevent a formal manufacturing sector to emerge, and as a result labor is transferred from agriculture directly into services. Additionally, the model provides information on the highest level of manufacturing productivity M 0 compatible with a no production equilibrium. This highest level is increasing with the production of the informal sector and the size of the fixed cost, and is decreasing with productivity in agriculture and services. Thus, the combination of a large informal sector and of barriers to formalization are likely candidates for the weak creation of industrial employment in Africa and Latin America. A low total factor productivity in agriculture and services can further worsen this problem.

Conclusion

In Section 2.2 of this paper, I presented the main line of reasoning of structural change theory and showed that different assumptions of tradability have drastic consequences on designing an effective industrialization policy. Testing the main line of reasoning of structural change theory has brought many results: the first is that the insights of the closed economy model are validated by the data. The second is that, at least in developed countries, there is evidence that openness to trade modify the mechanisms of structural change in the way predicted by the model. However, the practical importance of openness to trade seems modest and arguably is a real concern for economies that are essentially big towns like Singapore or Hong Kong. In Latin America and Africa, the available evidence on the role of trade is weaker, and one might doubt that the relationship is the same as in advanced countries.

Another stylized fact emerges from the analysis of developing regions: agricultural productivity has asymmetrical effect on employment in industry and services. The creation of jobs in Agricultural Productivity as a Prerequisite of Industrialization industry requires a larger increase in agricultural productivity than the creation of jobs in services.

This trait appears to be related to the phenomenon of "premature deindustrialization", the low peak of industrial employment observed in today's Latin American and African countries. A common explanation of this phenomenon is that Latin American and African countries lack a strong comparative advantage in manufacturing, in a context of decreasing world manufacturing prices and trade liberalization. This point suggests that trade openness might have a specific role to play in the creation of manufacturing jobs, although this mechanism is not well identified in the empirical results.

Additionally, I examine briefly the argument that this phenomenon could be linked to an unfavorable environment for large businesses, which weights more heavily on manufacturing firms. I find that the presence of large fixed costs in the formal manufacturing sector, the existence of a large informal manufacturing sector and the low productivity of agriculture and services can account collectively or individually for a difficulty to create formal manufacturing employment.

All these comments point to a clear direction for future research: taking more explicitly into account the specificity of the manufacturing sector in empirical and theoretical models of structural transformation. This means not only taking into account its higher degree of tradability, but also its higher dependence on formal employment, its physical and human capital intensity, its reliance on imported inputs and many others traits. 

2.A.1 Additional results to Proposition 4

In this subsection, I give the full set of derivatives for the closed and semi-open economy model of Section 2.2. This is useful especially for comparison with the econometric results obtained in Tables (2.2) to (2.13). All these results are obtained by direct differentiation. 

2.A.2 Proofs of Proposition 5

In the closed economy model Equation (2.7) can be rewritten as follows:

L A = 1 1 + α S α A A S 1-σ σ 1 1+δ 1-σ σ + α M α A A M 1-σ σ 1 1+δ 1-σ σ
(2.42)

L M = 1 1 + α S α M M S 1-σ σ 1 1+δ 1-σ σ + α A α M M A 1-σ σ 1 1+δ 1-σ σ
(2.43)

L S = 1 1 + α A α S S A 1-σ σ 1 1+δ 1-σ σ + α M α S S M 1-σ σ 1 1+δ 1-σ σ (2.44)
Then using the assumption γ A , γ M > γ S it is immediate that L S is monotonically increasing and that lim t→∞ L S = 1. I prove now that L M can be decreasing or hump-shaped. The proof for L A is entirely analogous.

If γ M ≥ γ A , it is immediate that L M is decreasing.
If γ M < γ A , I simplify equation (2.43) as follows:

L M (t) = 1 1 + a e xt + b e -yt , x, y, a, b > 0, j = A, M, (2.45) 
where t is the time variable and

a =         α S α M M 0 S 0 1-σ σ         1 1+δ 1-σ σ , b =         α A α M M 0 A 0 1-σ σ         1 1+δ 1-σ σ , x = γ M -γ S σ 1-σ + δ , y = γ M -γ A σ 1-σ + δ .
(2.46)

Then differentiating (2.45) with respect to time,

dL M (t) dt = b y e -yt 1 -a x b y e (x+y)t (1 + a e xt + b e -yt ) 2
(2.47) From (2.47) it is clear that L M is decreasing or hump-shaped depending on how a x b y compares to 1 at t = 0. A sufficient condition for L M to exhibit a hump-shaped pattern is that the ratio

x y = γ M -γ S γ M -γ A be low enough.
In the open economy model

Rearranging equation (2.12):

L S = 1 1 + B p A A S 1 1-δ + M S 1 1-δ -(1-δ)(1-σ) λ where B = α A α S σ p A 1-σ + α M α S σ and λ = 1 1 -(1 -δ)(1 -σ) > 0 (2.48)
Once again, using the assumption γ A , γ M > γ S it is immediate that L S is monotonically increasing and that lim t→∞ L S = 1. Now, rearranging equation (2.11),

L M = 1 1 + p A A M 1 1-δ + 1 + p A A M 1 1-δ λ M S λ(1-σ) B -λ (2.49) If γ M ≤ γ A then L M is decreasing.
If γ M > γ A , consider the following simpler formulation:

L M (t) = 1 1 + a e -xt + (1 + a e -xt ) λ b e yt , x, y, a, b > 0, (2.50)
where t is the time variable and

a = p A A 0 M 0 1 1-δ , x = γ M -γ A 1 -δ b = M 0 S 0 λ(1-σ) B -λ , y = (γ M -γ S )λ(1 -σ).
(2.51)

Now consider f (t), the denominator of L M (t):

f (t) = 1 + a e -xt + 1 + a e -xt λ b e yt .
(2.52)

Agricultural Productivity as a Prerequisite of Industrialization Its first order derivative can change sign and converges to positive values:

f (t) = 1 + a e -xt λ b e yt y -λ a x e -xt 1 + a e -xt -a x e -xt 0. (2.53) lim t→∞ f (t) = ∞ (2.54)
And its second order derivative is positive:

f (t) = 1 + a e -xt λ b e yt       λ a x 2 e -xt (1 + a e -xt ) 2 + y -λ a x e -xt 1 + a e -xt 2       + a x 2 e -xt > 0. (2.55)
Consequently, L M is either decreasing or hump-shaped. Moreover, by examining f (0) one can easily show that a sufficient condition for L M to be hump-shaped is that the ratio γ M -γ S γ M -γ A be high enough. The proof for L A is analogous.
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2.B First-stage regression results

Introduction

The structural transformation of developing economies is regularly cited as a major challenge of economic policy for the decades to come. Whether as a purely positive question, for the purpose of predicting the needs of the growing urban economy, or whether on normative grounds, on the basis that a large and traditional agricultural sector is usually a drag on productivity, the question of why and how to transfer jobs to the manufacturing and service sectors has become a central piece of reflection in the developing world.

A recurrent question of agricultural policy is the effect of a dysfunctioning land market on the state of agricultural production and the mobility of labor in and out of agriculture. It has been claimed that a better functioning of the land market, in particular with respect to the diverse transaction costs that currently exists, would free labor from the agricultural sector and allow more individuals to work in off farm occupations, or to migrate to urban centers. For example [START_REF] Deininger | Moving Off the Farm: Land Institutions to Facilitate Structural Transformation and Agricultural Productivity Growth in China[END_REF] find that the distribution of land certificates increases the supply of off-farm labor from Chinese households, without affecting their chances to exit agriculture.

A higher risk of expropriation however significantly decreases the odds that the household will quit agriculture. [START_REF] Kung | Off-Farm Labor Markets and the Emergence of Land Rental Markets in Rural China[END_REF] notes that land rental transactions and off-farm employment have been rising hand-in-hand in Chinese provinces. Kung argues however that the sense of 3.1 Introduction 119 causality is from the labor market to the land market. A dramatic increase of off-farm activities caused by a large earning gap encourages farmers to rent out their land on the market. In Sub-Saharan Africa, [START_REF] Deininger | Smallholders' land access in Sub-Saharan Africa: A new landscape?[END_REF] argue that "land sales may allow households who want to move into the non-agricultural economy to mobilize the equity that will help them to exploit profitable opportunities (..)". In Mexico, de Janvry et al. (2015) show that the land reform of 1993-2006, that ended the obligation of land use to secure land assignment and replaced it with land certificates, had the effect of increasing outmigration from agrarian communities.

A related claim is that land reforms that redistribute land in a more equal manner release the constraints of a dysfunctional land market and improve the efficiency of agricultural production (e.g. [START_REF] Eswaran | Access to Capital and Agrarian Production Organisation[END_REF], [START_REF] Lipton | Land reform as commenced business: The evidence against stopping[END_REF], [START_REF] Deininger | Chapter 6 Land institutions and land markets[END_REF]).

This topic however has received little attention on the theoretical side. [START_REF] Deininger | The potential of land rental markets in the process of economic development: Evidence from China[END_REF] presents a simple model of land rental market with off farm opportunities and shows that a reduction in transaction costs improves welfare and rental market activity. Deininger and Jin also conjectures that a reduction in transaction costs in the land rental market will help the non-agricultural sector to grow, even though this idea is not formalized in the model. [START_REF] Chernina | Property rights, land liquidity, and internal migration[END_REF] build a model of migration were migrants have to finance the setup costs of migration by selling their lands and other immobile assets. They show that a greater liquidity on the land market prompts more people to sell their assets and to migrate. They also show that greater land tenure security increases temporary migration without affecting permanent migration. However, the model does not explicitly include a land rental or sales market, nor an explicit choice of sectoral occupation. [START_REF] Adamopoulos | The Size Distribution of Farms and International Productivity Differences[END_REF] study the effect of progressive land taxes and other size-related distortions on agricultural productivity and agricultural labor in developing countries. They show that approximately 50 per cent of the gap in labor productivity between rich and poor countries can be explained by policy distortions favoring small farms, along with differences in aggregate factors such as land, capital and economy-wide productivity.

In their model, agricultural employment increases with farm-size distortions. However, they assume that farm size is related to farmer's managerial skills and that there are no imperfections in the labor and land markets (to the exception of the land tax). Although there is evidence that land and labor markets are efficient in developed countries, in the developing world a large body of evidence has shown that these markets are largely dysfunctional [START_REF] Deininger | Chapter 6 Land institutions and land markets[END_REF], [START_REF] Otsuka | Chapter 51 Efficiency and Equity Effects of Land Markets[END_REF], [START_REF] Eastwood | Chapter 65 Farm Size[END_REF]). As a result, there is a presumption that large farms might be inefficient compared to small farms (ibid.). Part of the explanation lies in the low mechanization of agriculture in developing countries (see e.g. [START_REF] Sheahan | Ten striking facts about agricultural input use in Sub-Saharan Africa[END_REF]), and as a result economies of scale that come along the use of increasingly sophisticated and lumpy equipments are likely to be limited. Rather, the family farm theory of agriculture holds the view that high supervision costs of hired labor limit the extent of the efficient production unit to the family farm (e.g. [START_REF] Binswanger | Behavioural and material determinants of production relations in agriculture[END_REF], [START_REF] Eastwood | Chapter 65 Farm Size[END_REF]).

This paper asks: what labor movement can be expected from a reduction in the transaction costs in the rental market? Specifically, the central question is: following a reduction in transaction costs in the land rental market, will the increased land rental activity induce farmers to move out of agriculture? A closely related question is: can administrative reallocation of land, in particular toward a more egalitarian distribution, motivate farmers to move out of agriculture?

These questions will be answered in relation to efficient agricultural production, namely, is there a positive relation between efficiency in agricultural production and a reduction in the number of farmers?

The model is designed to take into account the most salient features of traditional agriculture.

First, the production technology is assumed to have constant returns to scale given the limited availability of mechanized equipment. Second, and central to the family farm theory, hired labor is more costly than family labor due to supervision and search costs. Third, the land rental market is subject to transaction costs, implying that some farmers will optimally choose to remain in autarky. Fourth, land ownership is skewed, as I assume in this paper that the distribution of land is given by a Pareto law.

The model generates endogenously several classes of farmers and farm sizes depending on the initial land-labor ratio endowed to the farming household. It therefore builds on previous work by [START_REF] Feder | The relation between farm size and farm productivity: The role of family labor, supervision and credit constraints[END_REF], [START_REF] Eswaran | Access to Capital and Agrarian Production Organisation[END_REF] and [START_REF] Kevane | Agrarian Structure and Agricultural Practice: Typology and Application to Western Sudan[END_REF] in assuming that optimal farm size is the result of market imperfections. In the model, market imperfections in the labor and land markets generate the well documented inverse relationship between farm size and land productivity (for a review of the literature see [START_REF] Eastwood | Chapter 65 Farm Size[END_REF] and [START_REF] Gollin | Farm size and productivity -Lessons from recent literature[END_REF]).

Although many other market failures have been documented in traditional agriculture, a minimum of two market imperfections are required to explain inefficient behavior in a setting of constant returns to scale in production [START_REF] Kevane | Agrarian Structure and Agricultural Practice: Typology and Application to Western Sudan[END_REF]). Feder and Eswaran and Kotwal assume failures to occur in the labor and credit markets. I assume failures to occur only in the labor and land 3.1 Introduction 121 markets, ignoring possible failures in the credit market. This is both for the sake of simplicity and because recent evidence suggests that only a small share of agricultural inputs is financed through credit [START_REF] Adjognon | Agricultural input credit in Sub-Saharan Africa: Telling myth from facts[END_REF]).

For the sake of intuition, the effect of a reduction in transaction costs in the land rental market is first studied in partial equilibrium, with constant agricultural price. Then agricultural prices are endogenized in a general equilibrium two-sector model. When agricultural prices are held constant, a clear picture emerges: a reduction in transaction costs increases land rental activity, but contrary to current expectations, this increased land rental activity creates a movement of labor out of non-agriculture and into agriculture. The reason for this is simple: increased land rental activity enables previously autarkic farmers to rent out their land to poorly endowed farmers, inducing them to increase their supply of work on the farm. When agricultural prices are allowed to move, a reduction in transaction costs in the land market creates additional agricultural production leading the way for a decrease in agricultural prices. This decrease in agricultural prices mitigates the partial equilibrium effect in inducing workers to move out of agriculture.

If instead of a reduction in transaction costs, administrative reallocation of land is chosen, then the expected direction of labor movement is more complex. In partial equilibrium, it can be summarized as follows: when staged from an initially very unequal land distribution, land reallocations induce workers to move out of agriculture, but when staged from an initially more equal land distribution, land reallocations induce workers to move in agriculture. In any case, land reallocations do not always favor efficient agricultural production.

Finally, the model is calibrated to assess the relative importance of partial and general equilibrium effects. Land rental market reforms and land reallocations contribute significantly to the efficiency of agricultural production and increase welfare substantially. However, the effect of these reforms on labor migration is of limited importance for most countries, to the exception of countries with a highly dysfunctional land rental market. Importantly, no clear pattern emerges for the direction of labor migration, as some countries experience a decrease in agricultural employment while others experience an increase.

To sum up, when the land rental market improves, the partial equilibrium effect prompts workers to join agriculture, but in general equilibrium, a drop in agricultural prices can partially or totally offset this mechanism. Thus the expectation that an improvement in the land rental market causes farmers to quit agriculture is predicated on the assumption of sufficiently flexible and elastic agricultural prices, an idea that is likely to be fragile in practice.

The remainder of this paper is as follows. Section 3.2 describes the model and solves the market equilibrium in a partial equilibrium setting, that is, agriculture is studied in isolation to the rest of the economy. Section 3.3 extends the model to a general equilibrium setting in which agricultural prices are endogenized. Section 3.4 calibrates the model to assess the relative importance of partial and general equilibrium effects. Section 3.5 concludes.

Partial equilibrium

In this section the agricultural sector is studied in isolation to the rest of the economy, with output and input prices being treated as exogenous. One exception is the price of land rental, which in the present model is endogenous to the agricultural sector.

The economic problem faced by farmers

Consider a continuum of farmer families of mass one, each having an endowment of one unit of labor, and indexed by the letter i. There is no leisure time and labor is supplied inelastically.

Each family seeks to maximize its profits by choosing the appropriate quantity of labor (L A i ), land (S A i ) and capital (K i ) to use on the farm. The family can use its own labor either on the farm or seek for employment outside the farm. However, I assume that supervision and/or search costs for hired labor are such as to prevent each family from hiring any labor at all. This assumption is meant to reduce the complexity of the farmer's problem, since the possibility to hire with supervision costs expand the classes of farmers to up to nine different behaviors, compared to only three in the current setting. As long as supervision costs are high enough that the actual proportion of hired labor is small, the loss in predictive value should be reasonable. Table 3.1 below shows that this is indeed the case for most developing countries, though there are important exceptions. With this assumption, on-farm labor can only come from within the family. Another consequence is that off-farm employment is identified with manufacturing and services employment, since no hiring in agriculture can occur.
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Each family is endowed with some land S i , can use this land on the farm, and can additionally either rent in or rent out this land without limitation. However, legal restrictions of tenancy and other policies favoring tenants translate into transaction costs for farmers that are willing to rent out their land. These transaction costs are to be understood in a broad sense. If property rights are insecure because no formal titling process has been carried out, the transaction costs are meant to represent the fear that the tenant might claim possession of the land after a long tenancy period, or might force the landlord to rent on favorable conditions. If governments are active in the land markets, the transaction costs might stand for tenancy regulations such as prohibition of land rent or sales, restrictions on the rental price, restrictions on the duration of rental contracts, and so on. They might also represent search costs. By assumption, theses regulations involve a loss for landlords that rent land out, but do not affect tenants that rent land in. This assumption is without loss of generality because the demand for land in this model is perfectly elastic, and so the burden of transaction costs must weight on people that supply land to the market.

I assume that land tenancy consists of fixed-rent contracts. In practice sharecropping, whereby the landlord is given a share of the output in payment, is a common agreement in many parts of the developing world. These agreements are Pareto-optimal if tenants are risk-averse and landlords cannot perfectly monitor the tenant's work effort [START_REF] Stiglitz | Incentives and Risk Sharing in Sharecropping[END_REF], [START_REF] Otsuka | Land and Labor Contracts in Agrarian Economies: Theories and Facts[END_REF]).

In this model there is no uncertainty and the labor supply is inelastic; as a result, fixed-rent and sharecropping contracts are equivalent. Likewise, the model assumes a financial equivalence between renting and buying and all the transactions are supposed to take place through the land rental market.

Finally, each family chooses freely the amount of capital it wants to use on its farm, and the distribution of capital ownership among families is irrelevant here. The two market failures of this model can be summarized as follows:

H1: Hiring labor on-farm is not profitable in any circumstance.

H2: Land owners that are willing to rent out their land face transaction costs. Specifying further the model, the next assumptions are simply a trade-off between realism and tractability:

H3: Agricultural technology is identical across families and is Cobb-Douglas with constant returns to scale.

H4: Land is distributed across families according to a Pareto distribution of type 1.

Using H1-H3, the maximization problem facing each family of farmers i can be described as follows: max

L A i ,L O i ,S A i ,S O i ,S I i ,K i p A Y A i + w L O i + q (θ S O i -S I i ) -p K K i s.t. Y A i = A (L A i ) α (S A i ) β K 1-α-β i , 1 ≥ L O i + L A i , S I i + S i ≥ S O i + S A i , 0 ≤ θ ≤ 1, (3.1)
where p A denotes agricultural price, Y A i denotes agricultural production and A is total factor productivity; L O i refers to off-farm employment, S O i and S I i refer to respectively land rented out 3.2 Partial equilibrium 125 and rented in; w is the wage rate, q is the land rental rate and p K is the price of one unit of capital goods. In this paper, I assume that capital goods fully depreciate after use and thus are not distinct from intermediate inputs. K i therefore includes tractors, harvesters and buildings as well as fertilizers and seeds. θ represents the extent of the transaction costs faced by farmers that rent land out. If θ reaches one, the land rental market operates perfectly, if θ reaches zero, the transaction costs are so high as to offset any revenue derived from renting out land.

Each farmer family is endowed with one unit of labor so that family i is endowed with the land-labor ratio s i = S i ; the distribution of the endowed land-labor ratio is the same as the distribution of the land endowment. H4 then implies that the proportion of families endowed with a land-labor ratio less than s i is the following:

F(s i ) = 1 - δ -1 δ S T s i δ , δ > 1. (3.2)
Where S T is the total supply of land (and equals the aggregate land-labor ratio), and δ is the shape parameter. This parametrization of the Pareto law is meant to ensure that redistributing land does not increase the total supply of land. Increasing δ keeps the total supply of land unchanged while making the distribution of land more egalitarian. Since the minimum land-labor ratio of the distribution is s m = δ-1 δ S T , increasing δ also raises the endowment of the poorest family.

Classes of farmer

The particular configuration described above gives rise to two types of market equilibrium: a fully autarkic equilibrium and an equilibrium with three classes of farmers. Consider s 1 = β α w q . This is the efficient land-labor ratio under the Cobb-Douglas technology described in (3.1).

Consider also s m = δ-1 δ S T , the minimum land-labor ratio a family can possibly be endowed with. If s m > s 1 , every family has an endowed land-labor ratio higher than the efficient land-labor ratio. Families are then faced with two possibilities to decrease their endowed land-labor ratio: to hire labor on the farm, or to rent land out to other smaller farms. One of these solutions, hiring labor, is excluded by assuming that it is too costly to supervise labor on the farm. The only remaining choice is for these families to rent out land on the market. But every family is willing to rent out and no family is willing to rent in, so there cannot be any land rental market.

Besides, no family is willing to employ part of its labor outside the farm. Thus there is no Land Rental Market Reforms: Can They Increase Outmigration From Agriculture? manufacturing employment and the total labor force is employed in agriculture. This is the full autarky equilibrium.

If s m < s 1 , the land rental market can emerge and some families will be willing to employ labor outside the farm. In what follows, any reference to classes of farmers means that the assumption s m < s 1 implicitly holds. In this setting, each family i belong to a unique class of farmers depending on its initial endowment s i of land per family labor. A family of farmers having an endowment lower than s 1 is compelled to attain this efficient ratio by renting land in, and by sending labor to off farm occupations. This is why the first class of farmers, those that have an initial endowment lower than s 1 , are tenants and part-time farmers. I will name this class of farmers as tenants for short.

Any family starting with the initial endowment s 1 does not need to trade on the land and labor markets. Its initial endowment allows it to achieve efficient production already. Now, if the family starts with an endowment s i > s 1 , in the absence of transaction costs it will rent out land to decrease the input ratio to the efficient level. But because of the presence of transaction costs in the land rental market, this gives rise to two additional classes of farmers.

First, there are farmers who do not find it profitable to rent out land because of transactions costs, even though this would allow them to reach the efficient ratio s 1 . These farmers participate neither in the labor market nor in the land market. I will name this class autarkic farmers.

Strictly speaking, autarky is meant only in the labor and land markets, since these farmers can still sell their production to other families and buy capital goods. These farmers have an initial endowment s i with s 1 < s i < s 2 and s 2 = s 1 θ -α+β α .

Second, families with endowments higher than s 2 will find it profitable to bear the transaction costs of the land market and will rent land out. This is because the marginal productivity of the land operated on the family farm has become too small. These families rent out land up to the point of reaching the ratio s 2 , at which no further renting is profitable. Given this feature, I will name these farmers landlords. Like the autarkic farmers, landlords do not participate in the labor market since every unit of labor is more profitable to use on the farm.

One immediate and simple insight is that the size of the autarkic class depends upon the extent of transaction costs: if θ diminishes, then s 2 rises and more and more farmers will belong to the autarkic class. In the event that the transaction costs disappear (θ = 1), then the autarkic class disappear and only landlords and tenants remain. Let me now give details on the behavior 3.2 Partial equilibrium 127 of each class in turn.

Tenants

The central feature of tenants is that returns to scale are constant within this class. The productivity of land is the same for all tenants and there is no optimal farm size. Consequently, the class of tenants can be treated as one unique farm where all tenants work. The optimal production of tenants is a linear function of labor used. Their optimal usage of land is defined through the ratio s 1 .

If

s i < s 1 = β α w q , Y A i = A w α 1-α β q β 1 -α -β p K 1-α-β L A i , (3.3) S A i L A i = β α w q = s 1 . (3.4)
The amount of labor in off-farm employment and the amount of land rented in is in turn determined by the initial endowment of the family.

L O i = 1 -L A i ; S I i = S A i -S i . (3.5)
Given that tenants have access to a constant returns to scale technology, their equilibrium profits must be zero. This in turn imposes a constraint on the equilibrium land rent:

q = β α w α β 1 -α -β p K 1-α-β β (A p A ) 1 β . (3.6)
Any other value of the land rent would lead to either an infinite demand for land or no demand at all. Because the full autarky equilibrium has been dismissed, this equality must hold. It proves, as claimed before, that the demand for land is perfectly elastic.

Autarkic farmers

Autarkic farmers are endowed with a land-labor ratio higher than s 1 and so produce inefficiently. This inefficiency grows with the size of the land endowment, which translate into a lower land productivity for bigger farms. This class therefore exhibits the well known inverse 128 Land Rental Market Reforms: Can They Increase Outmigration From Agriculture? relationship between land productivity and farm size.

If s 1 < s i < s 2 = s 1 θ -α+β α , Y A i = A (p A A) 1-(α+β) α+β 1 -α -β p K 1-α-β α+β S β α+β i ,
(3.7)

L A i = 1 ; S A i = S i , (3.8) ∂y A i ∂S i < 0 , with y A i = Y A i S i .
(3.9)

Landlords

Landlords are constrained by the size of their labor endowment. Given a labor endowment of 1, there is a unique optimal farm size (i.e. a value of S A i ) that maximizes profits. Given that the labor endowment is assumed constant across families, every landlord chooses the same farm size and produces the same quantity. However, given that the endowment of land differs across families, the amount of land rented out differs. If s 2 < s i , (3.11)

Y A i = A (p A A) 1-α α β θq β α 1 -α -β p K 1-α-β α , (3.10) S A i L A i = β α w q θ -α+β α = s 2 ,
L A i = 1 ; S O i = S i -S A i .
(3.12)

The inverse relationship between farm size and land productivity 

The behavior of aggregate variables

Using distribution (3.2), it is possible to solve for the aggregate level of production, labor used in agriculture and outside of agriculture.

Aggregate labor and land rental

I denote by S O the aggregate level of land rented out, which in equilibrium must be equal to S I , the aggregate level of land rented in. L A is the aggregate level of agricultural employment, and L M , the aggregate level of off-farm employment (here identified with manufacturing and services employment) is equal to the total amount of labor 1 diminished by L A .

S O = ∞ s m S O i dF(s i ) = s 1 δ -1 δ -1 δ S T s 1 δ θ α+β α (δ-1) (3.14) L A = ∞ s m L A i dF(s i ) =        S T s 1 - 1 δ -1 δ -1 δ S T s 1 δ 1 -θ α+β α (δ-1)        (3.15) L M = ∞ s m L O i dF(s i ) = 1 -L A (3.16)
Some noticeable results emerge at this stage. They are summarized in Proposition 7 below. The proofs for this proposition, as well as for Proposition 8 and 9 infra are to be found in Appendix 3.A.

Proposition 7 In the partial equilibrium setting of (H1-H4) where agricultural prices (p A ) and intermediate input prices (w, p K ) are exogenous variables, the following results hold.

(a) A decrease in transaction costs in the land market creates a movement of labor out of manufacturing and into agriculture:

∂L A ∂θ > 0 ∂L M ∂θ < 0.
(3.17) (b) Provided S T ≤ s 1 , the efficient level of agricultural employment (i.e. no transaction costs in the land market) can be achieved either with perfectly equal or with perfectly unequal distribution of land ownership:

lim θ→1 L A = lim δ→∞ L A = lim δ→1 L A = S T s 1 . (3.18)
In partial equilibrium, it is clear that a better functioning of the land rental market should lead us to expect more labor in agriculture, and not less. As to the effect of land redistribution on efficiency, Proposition 7 part b) sets a clear message: unequal land distribution does not necessarily mean inefficient allocation. In fact, both perfectly equal and perfectly unequal land distributions lead to an efficient outcome, which means that land redistributing policies can lower efficiency if starting from a very unequal distribution. The hypothesis S T ≤ s 1 in part (b) is intuitive: market prices p A and w are restricted so as to ensure that the efficient level of agricultural labor S T s 1 is lower than 1, the total supply of labor. It provides some minimal guarantee of market clearing on the labor market.

I plotted the aggregate level of land rented as a proportion of the total land supply in Figure 3.1. As expected in panel (a), an increase of θ-a decrease in transaction costs-increases the share of land rented. This same effect can be obtained by increasing inequality, and panel (b) shows that perfect equality and perfect inequality coincide with respectively 0% and 100% of land rented. In this panel, the shape parameter δ has been replaced by the Gini index g = 1 2δ-1 so that the graph can span the full spectrum of inequality.

In Figure 3 As shown in Panels (c) to (f), the relationship between agricultural labor and land ownership distribution is non-monotonic. Panels (c) and (d) show what happens when transaction costs are high. In this setting, the class of landlords is negligible and insensitive to land ownership distribution. The class of autarkic farmers reaches a maximum at some middle ground between perfect equality and perfect inequality. Why? When the Gini index is zero and there is perfect equality, every family is a tenant; it uses its land endowment fully on the farm and devotes some 3.2 Partial equilibrium 131 of its work to off farm activities. Since tenancy is the most efficient class, aggregate efficiency is realized. When the Gini index is one and there is perfect inequality, one family owns all the land.

Everyone else has a land-labor ratio of zero and for that reason belongs to the class of tenants. In this situation, one unique landlord rents out the entire land endowment of the economy into the hands of every other family. In turn, each family of tenants rent in the amount of land necessary to reach the efficient ratio s 1 . Since every family is a tenant except for the unique landlord family which has a mass of zero, aggregate efficiency is realized. To reach full efficiency, no amount of land must be trapped into the hands of autarkic farmers. This means that either land must be distributed equally so that no one needs the land rental market, either it must be given to a single family so that all the land is distributed through the land rental market. The maximum of autarkic farmers has to occur somewhere in between, when neither equality nor inequality are strong enough to funnel land into the hands of tenants. This mechanism translates into a non-monotonic relationship between the share of labor in agriculture and inequality, as depicted in Panel (d).

Panels (e) and (f) show what happens when θ is high, so that the rental market functions well. In this setting, a large class of landlords will emerge as inequality rises, while the class of autarkic farmers will quickly drop to low levels. These landlords redistribute land to tenants and prevent large amounts of land to be stuck in inefficiently large farms. As a consequence, the effect of inequality on agricultural labor is much smaller, as evidenced by Panel (f).

Land rented

s 1 ∆ 1 ∆ 1 ∆ S T s 1 ∆ 0 1
Transaction costs parameter Θ Proportion of land in total land supply 

Aggregate production

The main insight from production is that, as could be expected, a reduction in transaction costs will raise agricultural output. But once again, redistributing land will not necessarily improve agricultural production. As in Proposition 7, the two poles of perfect equality and perfect inequality both lead to efficient production.

In what follows, aggregate agricultural production is denoted Y A and is written as the product of an efficient output ỸA and an efficiency index I. As before, efficient output is defined as output achieved in the absence of transaction costs in the land rental market. In partial equilibrium, I have shown that one can expect a better functioning of the land Land Rental Market Reforms: Can They Increase Outmigration From Agriculture? market to attract more labor in agriculture and to raise agricultural production. As a result, policies aimed at reducing transactions costs on the land market should not be expected to lead to a transfer of labor from agriculture to the rest of the economy, but quite the contrary. But is this still the case once one allows for the possibility of endogenous agricultural prices? This is the concern of the next section. 

Y A = ∞ s m Y A i dF(s i ) = ỸA I , ỸA = w αp A S T s 1 , I = 1 + δ -1 δ S T s 1 (δ-1)        1 -(δ -1)θ β δ(α + β) -β θ α+β α (δ-1) δ - α δ(α + β) -β        , 0 < I ≤ 1 (proof of
H7 : U(C A , C M ) =          C A if C A ≤ λ C M + λ if C A > λ (3.24)
C A and C M are the aggregate consumptions of respectively agricultural and manufacturing goods.

These preferences imply that the representative consumer will buy λ units of agricultural goods and then spend the rest of his income on manufacturing goods. Assumptions (H5-H7) combined with the assumption of a closed economy can be summarized with the following market clearing conditions:

Y A = C A = λ , Y M = ηK + C M = M L M , (3.25) 
where I have assumed that the production of λ agricultural goods is feasible. K is the aggregate production of capital goods for agriculture. 

I = λ, ỸA = α M α β 1 -α -β η 1-α-β β (A) 1 β (p A ) 1-β β S T , I = 1 + g         δ -1 δ α M α β +1 1 -α -β η 1-α-β β (A p A ) 1 β S T         δ-1 , (3.26)
where g is the term in square brackets in equation (3.19). I can now state the main results of the allocation of labor in a general equilibrium. Some additional theoretical results are examined in Appendix 3.A.5.

Proposition 9 In the general equilibrium setting of (H1-H7), the following results hold.

(a) A decrease in transaction costs in the land market causes a drop in agricultural prices:

∂p A ∂θ < 0. (3.27) (b 
) Provided S T ≤ s 1 , a drop in agricultural prices causes labor to move out of agriculture and into manufacturing:

∂L A ∂p A > 0 ∂L M ∂p A < 0.
(3.28)

Proposition 7 previously stated that the partial equilibrium effect of a decrease in transaction costs was to increase labor in agriculture. Proposition 9 now adds that the general equilibrium effect of a decrease in transaction costs is to decrease labor in agriculture, through a drop in agricultural prices.

In the short run, while prices are fixed, a decrease in the transaction costs causes labor to move in agriculture. This is because the increased supply of land on the land rental market creates an incentive for farmers to work longer hours on the farm. In the long run, once agricultural production has increased and has passed on agricultural prices, the drop in agricultural prices induces labor to move out of agriculture. This is because of a decrease in the farm shadow wages.

The net effect of both mechanisms is ambiguous and is purely a quantitative matter.

Is it possible to derive a general equilibrium effect of land redistribution policies? In the section on partial equilibrium, I emphasized that land redistribution policies have an ambiguous effect on the allocation of labor as well as agricultural production. This ambiguity passes on 3.4 Model calibration 137 to general equilibrium analysis: redistributing land may increase agricultural production and decrease agricultural prices, or decrease agricultural production and increase agricultural prices.

As shown in Figure 3.3, it depends on whether a minimum level of agricultural production has already been reached.

Model calibration

Methodology

The previous section has emphasized that in general equilibrium, an improvement in the rental market functioning may encourage labor to move out of agriculture if the drop in agricultural prices is sufficiently strong. This creates an ambiguity, at least in the long run, as to the labor movement to be expected from a rental market reform. This section now calibrates the general equilibrium model presented in Section 3.3 to seek a practical answer as to the effect of a rental market reform: does the ambiguity remain when simulating the effect of a land rental market reform on national economies? The answer is mostly yes.

The model is first calibrated to match the current economic situation of 15 countries. These countries are chosen primarily on the basis of data availability, but are also meant to represent a large spectrum of income levels. Then, I simulate for each country the impact of a land rental market reform through an increase in the parameter θ. Two types of reforms are tested: one that increases the parameter θ by 0.1, one that increases θ up to θ = 1. Because the topic of land reform (in the narrow sense of a change in land ownership) is equally important to this paper, I also simulate the impact of a redistribution of land through a decrease of the Gini index by 0.1.

The key equation of the model is equation (3.26), whose purpose is to determine equilibrium prices. Once the equilibrium prices are determined, every other quantity can be computed by using the equilibrium prices and the exogenous parameters. Table 3.2 describes the data sources for the various parameters of the model. Total factor productivity in agriculture A and the price of capital goods η are normalized to one, without loss of generality. The parameter δ is chosen to match the Gini index of land distribution of each country. The land and labor factor shares are derived from previous econometric works and the land-labor ratio is readily available from external sources. The remaining three parameters are calibrated to match key Land Rental Market Reforms: Can They Increase Outmigration From Agriculture? economic features of the data. The value of θ is chosen to match the share of rented land out of total land use. This boils down to computing S O S T and aligning its value with data from the FAO over the 2005-2016 period. The value of λ is chosen to match the 2016 agricultural output in 2010 international dollars. Finally, the value of M is chosen to match the 2016 share of total employment in agriculture. The resulting choice of parameters and external data for other parameters are summarized in Table (3.3).

Results

The results for each country are given in Table (3.4) to (3.7) at the row "current situation".

The headings "Labor in agriculture", "Share of area rented", and "Agricultural output" all corresponds to actual data when evaluated at the row "current situation". All other headings are inferred from the model. The row "Rental market reform" simulates an increase of θ by 0.1 from the initially calibrated θ. The row "Rental market fully efficient" simulates an increase from the same inital θ but up to the value θ = 1. The row "Land reform" simulates a decrease of the Gini index by 0.1. For three countries, namely the United States, Uruguay and Namibia, the share of area rented was too high to be matched closely by the model, even with θ = 1 (with θ = 1, the remaining difference is respectively 2.4, 6.3 and 8.5 percentage points for the United States, Uruguay and Namibia). For these countries, I assume that θ = 0.9 so that the rental market reform can still be tested. The true value of the share of area rented is put in parentheses next to the calibrated value.

One of the odd things of the model is that some countries have negative consumption levels. This is the consequence of assuming that the capital fully depreciates annually and must be repaid in its entirety each year. As a result, the poorest countries do not have enough manufacturing goods to repay the capital annually and must dissave manufacturing goods. Of course, the annual payments of actual economies to maintain and augment the capital stock are much smaller and this should not be taken at face value. Besides, it is possible to force the model to exhibit only positive consumption levels. But that would imply the constraint that each economy produces at least as much manufacturing goods as the capital stock in agriculture, in effect pushing economies to exhibit abnormally high saving rates. This would likely push the model further away from the behavior of actual economies.

What are the main observations from the model calibration? First the calibrated θ is usually 3.4 Model calibration 139 around 0.4 to 0.8 in developing countries, while around 0.9 for developed countries. This is in line with the idea that developed countries have more efficient land markets. Within the developing world, some regions exhibit exceptionally low θ's. These are Latin America, with Brazil and Nicaragua, North Africa and the Middle East, with Egypt, Morocco and Jordan and finally India.

The low θ for India (θ=0.09) is not surprising since India is known for its very restrictive land market. Land rental is forbidden virtually everywhere in India, and only some population categories (minors, widows, physically disabled, imprisoned etc.) are allowed to rent out their land. Some Indian states permit renting but only if tenants acquire ownership rights after some specified period. The only exceptions to this quasi-prohibition are Madhya Pradesh and West Bengal. The low θ reflects the fact that one would expect a much higher share or area rented than what is currently observed (2.4%), given the characteristics of India, and especially its Gini index of 0.6. For example Bangladesh has a Gini index of 0.62 and similar economic features, but its current share of area rented is almost ten times higher at 23.2%2 .

Other countries with low θ's have similar restrictions on the ability to rent out. In Brazil for example, there is a widespread fear of tenancy among landowners. This could result from restrictive legislation that make evictions of tenants difficult, from the fact that rented land has been periodically targeted by land redistribution and loss of ownership, and generally by the prevalence of land-related violence throughout Brazil.

What should one expect from an increase in θ, that is, a reduction in transaction costs in the land rental market? In this model, an increase in θ increases welfare through a higher consumption of manufacturing goods. This must be so since by assumption the consumer's need for food is already satiated. When rental market transaction costs decrease, the efficiency of agricultural production increases. This greater efficiency translates into a lower demand for capital goods (e.g. machines, fertilizers, pesticides) and a greater consumption of manufacturing goods. Tables 3.4 to 3.7 reveal that full efficiency in the land rental market generates increases of manufacturing consumption that are substantial for developing countries, typically between 5% and 10%. India and Nicaragua even have increases (a decrease of negative consumption for India) over 20%. Given the assumption of full capital depreciation, theses numbers reflect the Land Rental Market Reforms: Can They Increase Outmigration From Agriculture? expected gains of manufacturing consumption over the whole capital life cycle. By contrast, developed countries in Table 3.7 and Namibia in Table 3.6 have little to gain from achieving efficiency reforms, with increases in manufacturing consumption of less than a tenth of a percent. Do rental market reforms achieve further industrialization? The evidence is mixed. When θ is increased by 0.1, only 8 out of the 15 countries experiment decreasing agricultural employment, while others experiment increasing agricultural employment. Furthermore, the drop in agricultural employment is usually of moderate size. Only two countries, Brazil and Nicaragua, experiment drops in agricultural employment greater than one percentage point. The drop is approximately of 2 percentage points for Brazil and of 2.6 percentage points for Nicaragua. If full efficiency in the rental market is achieved, the drop is of 2.2 percentage points in Brazil and of 3.2 percentage points in Nicaragua.

But is it possible to conclude that countries with a heavily restricted rental market-like Brazil and Nicaragua-will industrialize through reform? Unfortunately the answer is no. India, in Table 3.5, has a very low starting θ as explained before. A rental market reform decreases employment in agriculture in India by 0.22 percentage point. But going further in the reform to achieve full efficiency results in an increase in agricultural employment by 3.66 percentage points. Here, the partial and the general equilibrium effects combine to create a non-monotonic relationship between θ and employment in agriculture. This non-monotonic relationship can also be seen for Ethiopia and Lao.

Overall, except for Brazil, Nicaragua and to some extent Egypt, the main impact of rental market reform is not greater industrialization but greater efficiency in agricultural production. This is of course favorable to welfare but it is not logically sound to infer from it that more agricultural workers are going to quit their jobs. As could be expected, the gain in efficiency in agriculture is particularly strong for countries with low estimated θ's. In Brazil for example, the model infers that efficiency in agricultural production is currently at 44%. A rental market reform is predicted to boost efficiency at nearly 85%.

Interestingly, the low income countries (Table 3.4) have efficiency scores of 90% or higher.

Though their shares of area rented are low compared to high income countries, these shares are deemed "fit" to their levels of development and Gini indexes. Another remarkable result is that the efficiency score of high income countries (Table 3.7) is very close to 100% 3 . These results 3. For high income countries, one might ask if hypothesis H1 of no hired labor is still approximately valid. In suggest that both low and high income countries do not have dysfunctional rental markets, while middle income countries are problematic cases.

Finally, what can one expect from land redistribution? When land is redistributed, almost all countries experiment an increase in production efficiency. The only exceptions are the European Union and Uruguay, for which production efficiency slightly decreases (Table 3.7). Theoretically then, land redistribution can decrease production efficiency but in practice, this phenomenon seems of limited importance. Once again, the largest increases in efficiency are found in countries that start with a low θ such as in the regions of Latin America, North America & Middle East, and India. For example, in India (Table 3.5), land reform implies a rise in efficiency from 76,1% to 83,7%. In Brazil (Table 3.6), efficiency rises from 44,3% to 59%.

If the effect of land redistribution on efficiency is substantial, its effect on industrialization is very limited. 10 out of 15 countries experiment a decrease in agricultural employment when subject to a land reform. However, in any case, the absolute variation is small. Most countries experiment an absolute variation of agricultural employment of less than a tenth of a percentage point. Two countries, Brazil and Nicaragua, experiment drops in agricultural employment of more than one percentage point (respectively 1,05 and 1,62 percentage points).

Conclusion

The decomposition of land rental market reform into its partial equilibrium effect and its general equilibrium effect has highlighted two key insights. In partial equilibrium, a rental market reform prompts tenants to allocate more labor in agriculture to benefit from the increased volume of land rented out. In general equilibrium, the drop in agricultural prices can possibly offset the partial equilibrium effect by inducing farmers to allocate more labor in the manufacturing sector.

In practice, when calibrating the model, the effect of both rental market reform and land reform on the sectoral allocation of labor remains of limited importance, except for countries that have highly dysfunctional rental markets such as Brazil, Nicaragua and India. For these countries, the effect of various reforms needs to be treated on a case-by-case basis.

the European Union, it probably is, as non-family workers represent only 7.8% of the regular labor force (European Commission, 2013). In the United States, 35% of the labor force is made of hired workers (hired directly or indirectly through a labor contractor) as of 2001 (USDA, National Agricultural Statistics Service, Farm Labor Survey). If anything however, this large amount of hired labor should bring the United States even closer to full efficiency than estimated by the model.

Land Rental Market Reforms: Can They Increase Outmigration From Agriculture? One important insight of the calibration is that rental market and land reforms generally have a sizable effect on production efficiency in agriculture, which in turn causes a reduction in the capital stock of agriculture and a sizable increase in manufacturing consumption. Thus, the point of agreement with previous econometric work is that one should expect rental market and land reforms to bring substantial improvements within agriculture. Yet the point of disagreement brought by the present paper is that these reforms should bring limited labor movements to the industrial and service sectors. Nonetheless, it is important to emphasize that the framework studied in this paper does not encompass all the theoretical mechanisms identified in the literature.

In particular, the model assumes that it is costly to rent out land, but that the reallocation of labor from agriculture to non-agriculture is costless. In several instances this process is likely to be costly:

-if the reallocation of labor from agriculture to non-agriculture is synonymous with household members leaving rural areas, there can be a fixed cost of migration.

-there might be a fixed cost of setting up a non-agricultural business, in which case land could be used as a collateral to borrow money or could be sold to provide liquidity [START_REF] Chernina | Property rights, land liquidity, and internal migration[END_REF], [START_REF] Deininger | Smallholders' land access in Sub-Saharan Africa: A new landscape?[END_REF]).

-if land ownership is conditioned on the landlord putting in a minimal amount of labor to land use, then the landlord cannot freely choose his or her allocation of labor [START_REF] Deininger | Moving Off the Farm: Land Institutions to Facilitate Structural Transformation and Agricultural Productivity Growth in China[END_REF][START_REF] De Janvry | Delinking Land Rights from Land Use: Certification and Migration in Mexico[END_REF]).

Though these mechanisms are not formalized here, they are likely to further increase agricultural employment above its optimal level. (3.36)

Then, inspect the sign of the derivative:

∂L A ∂ S T s 1 > 0 ⇔ S T s 1 < δ δ -1 1 -θ α+β α (δ-1) -1 δ-1 . (3.37) Since δ δ-1 1 -θ α+β α (δ-1)
-1

δ-1 > 1, and provided S T ≤ s 1 the following inequality holds: (3.38) meaning that L A is an increasing function of S T s 1 . Finally, (3.39) meaning that S T s 1 is an increasing function of p A , and that L A is an increasing function of p A . (3.40)

S T s 1 ≤ 1 < δ δ -1 1 -θ α+β α (δ-1) -1 δ-1 ,
S T s 1 = S T M α β q , with ∂q ∂p A > 0,
First, rewrite f (θ) as follows: (3.41) where x = α + β α (δ -1) and y = α δ δ(α + β) -β . Then, compute the derivative of f :

f (θ) = 1 δ (1 -(1 -y) θ) θ x -y ,
f (θ) = θ (x-1) δ x -(1 -y)(1 + x) θ . (3.42) f is positive provided x (1 -y)(1 + x) > θ ⇔ α + β β > θ (3.43)
which is always true so f is increasing. Finally, using the fact that f is increasing:

f (0) ≤ f (θ) ≤ f (1) ⇒ - y δ ≤ f (θ) ≤ 0 ⇒ 1 - δ -1 δ S T s 1 (δ-1) y δ ≤ I ≤ 1 ⇒ 0 < I ≤ 1 (3.44)
where the last line uses the fact that y δ < 1 and that δ -1 δ S T s 1 (δ-1)

< 1 provided S T ≤ s 1 .

3.B Additional theoretical results

The following results are given without demonstration, but their proofs are analogous to the proof of Proposition 9.

Land Rental Market Reforms: Can They Increase Outmigration From Agriculture?

The most general result is related to λ, the subsistence level of the representative household. As one can guess, an increase in λ increases labor in agriculture: (3.45) Beyond this simple result, there are no simple results on the effect of A and M, the total factor productivity components of agriculture and nonagriculture.

∂L A ∂λ > 0 ∂L M ∂λ < 0.
In partial equilibrium (p A and p K are exogenous variables but w = M), A and M are positively (respectively negatively) linked with labor in agriculture:

∂L A ∂A > 0 ∂L A ∂M < 0. (3.46)
An increase in A reduces the optimal land-labor ratio s 1 and induces farmers to allocate more labor on the farm. An increase in M has the exact opposite effect.

But, assuming for simplicity that θ = 1, the general equilibrium effect goes in the opposite direction:

∂p A ∂A < 0 ∂p A ∂M > 0, ∂L A ∂p A > 0.
(3.47)

An increase in A causes a drop in agricultural prices through an increase in agricultural production.

This raises the optimal land-labor ratio s 1 , pushing farmers to allocate less labor on the farm. An increase in M has the exact opposite effect.

General Conclusion

What have we learned?

In the quest for understanding the links between agricultural development and industrialization, three key insights can be inferred from what has been said so far:

Regarding the sources of structural transformation, any factor of production is effective at the start of industrialization

At the start of a trajectory of industrialization and declining share of agricultural output, it is likely that general equilibrium effects are strong and that agricultural prices will decline fast as agricultural output rises. As a result, agricultural improvements, be they caused by labor-saving or land-saving factors of production, are likely to drive labor and capital out of the agricultural sector as a result of a drop in agricultural prices. However, this drop in agricultural prices is likely to occur in the medium to long run, and in the short run labor might first increase in the agricultural sector as a result of the complementarity between labor and the newly introduced factor of production. For example, an increase in the agricultural land surface is likely to attract new farmers in the short run to exploit the land, but the decrease in agricultural prices in the long run will induce farmers to use less labor per hectare of land, in fine causing labor to move out of the agricultural sector.

However, as agricultural output per capita rises to modern levels, the strength of the general equilibrium effects diminishes and the long-run effect of introducing new factors or production or techniques is going to be smaller. Accordingly, the accumulation of factors of production may result in an arrival of workers in the agricultural sector, even in the long run, provided these factors of production are strong complements of labor. For example, the clearing of new General Conclusion land for rice crops (which are highly labor-intensive crops) might result in an increase in the share of agricultural employment. This renders difficult to predict what kind of agricultural improvements result in a decrease in agricultural employment, since such a prediction relies on a precise knowledge of the elasticity of substitution between labor and the factor of production involved. Finally, the strength of general equilibrium effects is also expected to decline as the economy opens to international trade, which is a correlates of economic growth.

The closed economy is a good approximation for sectoral employment dynamics, but manufacturing employment is a more complicated story

With the exception of town-size countries, the mechanics of sectoral employment at a country scale is consistent with the modelization of a closed economy that do not trade internationally.

In such a setting, the working population shifts away from sectors with high productivity growth toward sectors with low productivity growth. In the very long run, the entire working population operate in the sector with the lowest productivity growth. In the context of a simple division of production into three broad sectors, agriculture, industry and services, where services has the lowest productivity growth, this means that the only configuration permitting a rise and fall of industry is one in which productivity growth is higher in agriculture than in industry. This confirms that a broad economic policy aimed at industrializing the nation must take into account both agricultural and industrial development, and cannot focus solely on industry.

There is also evidence that trade openness changes the mechanics of structural employment to make it consistent with comparative advantage. Comparative advantage means on the contrary that the working population shifts in the relatively productive sectors. However, the effect of trade openness is small, and large and medium-sized countries still approximately behave as closed economies.

In Africa and Latin America, the effect of agricultural productivity on the rise of industry is substantially lower than in other regions of the world. This points to the responsibility of other factors in explaining the lack of manufacturing firms: the role of world manufacturing prices, the role of the poor business environment in setting up large firms, and the problem of the Dutch disease for exporters of primary products.

sector was predominantly based on light consumer goods such as textiles, leather and furniture, and that these productions required mostly unskilled or low-skilled personnel [START_REF] Field | Industrialization and Skill Intensity: The Case of Massachusetts[END_REF]) 4 . In fact, it is useful to remember that the Industrial Revolution was initially accused of destroying skills and promoting illiteracy [START_REF] West | Literacy and the Industrial Revolution[END_REF]). Similarly, the early expansion of the service sector was fueled by clerical workers with a moderate amount of schooling. Only in the later stages of industrialization and tertiarization would the demand for high-skilled workers rise considerably.

Thus, the importance of schooling as a barrier to industrialization is still an open question.

The endogenous production of land

Regarding the theoretical models, one important improvement would be to endogenize the supply of land. In Chapters 1 and 3, the land supply was considered as exogenous. Though the determinants of land supply are not a key aspect of structural change mechanisms, taking them into account would certainly improve the precision of the quantitative results. For example, one would expect the supply of land to react to land-and labor-augmenting technical change, as well as to react to a better functioning of the land rental market. Another interesting topic would be to analyze the competition for land between urban expansion and agriculture. Even though urban expansion is not a threat for agricultural land globally, it creates tensions locally in countries such as India and China.

The determinants of agricultural mechanization

The results of Chapter 1 pointed to labor-saving technologies as the main driver of structural Are they improvements of land productivity or improvements of labor productivity? A simple theoretical model estimated using country data suggests that in developing countries where agricultural output is close to the subsistence level of households, the two types of technical progress contribute to structural transformation out of agriculture. However, in developed countries, labor productivity is the main driver, while land improvements that are akin to a land extension could result in a rise in the labor force in agriculture. The second chapter inquires whether the mechanics of sectoral employment at a national scale reflect the functioning of a closed economy with respect to international trade or that of an open economy which is a price taker. The estimation of a panel data for a dozen developed and developing countries yields results that are consistent with a closed economy, in which sectors whose relative size grows are those having the lowest labor productivity growth. This means that an industrialization strategy must rely on a high growth rate of the agricultural labor productivity, that will both lower agricultural prices and expand purchasing power toward non agricultural goods, and create a surplus of labor for industry and services. The third chapter aims at quantifying the effects of a land rental market reform in agriculture on sectoral employment. In many developing countries, these markets are made dysfunctional by tight legal restrictions and the poor enforcement of property rights for landlords. Could an improvement in land rental market functioning shifts workers out of agriculture and into non-agricultural sectors, or incites farmers to allocate more labor to off-farm activities? Theoretically, there is no simple answer, as the partial and general equilibrium effects bring opposite conclusions. In partial equilibrium, a rise in land rental activity induces workers to join agriculture. In general equilibrium, a drop in agricultural prices pushes workers to quit agriculture. Nonetheless, simulations show that a land rental market reform might substantially increase the income and welfare of farmers.
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 1 Figure 1: Sectoral shares of employment and value added, 1800-2000. Source: Herrendorf et al. (2014).

  and Kaboski argue that the marketization of services can explain structural change out of the traditional economy of household production, and that the later demarketization of services can explain the development of mass consumption during which value added temporarily grows faster in manufacturing than in services. Most of the literature of structural transformation assumes a closed economy, but some papers have explicitly treated the case of an open economy. The framework chosen is usually that of a small open economy where production factors are immobile. Final goods prices are exogenous and consumption is disconnected from production. Efficient production is then the result of Ricardian comparative advantage: an increase in productivity in one sector strengthen its comparative advantage and results in a transfer of resources to this sector. This is why the structural change literature of an open economy largely overlaps with the traditional literature of international trade.

  model in a closed economy, where the factor-bias of technical change has been taken into account. Unlike the previous literature on the topic, the present model does not argue that only one type of technical change is responsible for structural transformation, but rather that both may have a role, though under different circumstances. In the present model, I show that when food consumption is close the subsistence level, both types of technical change contribute to industrialization. When food consumption substantially exceeds the subsistence level however, the type of technical change that fosters industrialization depends on the elasticity of substitution between land and labor. For a given labor and land share of agricultural income, a high elasticity of substitution means that land-saving technologies will contribute more to industrialization while labor-saving technologies will contribute less. The first part of the paper is thus devoted to a theoretical understanding of biased technical change. The second part of the paper is an empirical inquiry as to the practical importance of different types of technical change. Using the theoretical model and country-level data from developed and developing nations, I estimate (i) elasticities of agricultural labor with respect to land-and labor-augmenting technical change and (ii) the rates of land-and labor-augmenting technical change over 2005-2015. These two components are then combined to assess the contribution of different types of technical change to structural transformation. This framework is similar to a growth accounting method and allows the computation of a residual that accounts for unknown factors. My results suggest that labor-augmenting technical change is the main driver of structural transformation in developed regions, while developing countries achieve a relative balance between labor and land-augmenting technical change. Besides, in Sub-Saharan Africa where the pace of technical change is slow, I find that the diminishing land per capita exerts a significant drag on structural transformation. Beyond the question of biased technical change, the present research relates to the literature studying the agricultural determinants of industrialization. Among the recent contributions, 1.2 A model of structural transformation with biased technical change in agriculture 13

  only natural since in this situation the CES production function becomes a Leontief production function and so augmented land Ŝ is proportional to augmented labor LA . To the left of σ = 1, land-augmenting technical change attracts labor in agriculture while labor-augmenting technical change drives labor out of agriculture. At σ = 1, both elasticities are zero and to the right of σ = 1, the roles are reversed; land-augmenting technical change now drives labor out of agriculture while labor-augmenting technical change attracts labor in agriculture. This clearly shows the importance of knowing the elasticity of substitution to assess the contribution of different types of technical change to structural transformation.
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 1 Figure 1.1 panels (b) and (c) show that a positive subsistence level has the effect of pushing

A

  L and A S have a specific component despite the assumption of Hicks-neutral technical change in the baseline model (1.30). Naturally, only part of the underlying bias in technical change is revealed, while the ideal situation would be to assume biased technical change directly in (1.30).

  purpose of this study is to understand under which circumstances different sources of technical change contribute to industrialization. With Cobb-Douglas preferences and a general framework of production, I showed that when the economy is close to a state of subsistence, both labor-and land-augmenting technical changes contribute to structural transformation. However, when the economy moves away from a state of subsistence, taking into account the elasticity of substitution between land and labor is critical. For a given labor and land share of agricultural income, if the elasticity of substitution is low, land-saving technologies or land expansion can slow industrialization due to their strong complementarity with labor. If on the contrary the elasticity of substitution is high, labor-saving technologies might slow industrialization as well.I then estimated a CES model to investigate which type of technical change is effective in practice. A low scenario of substitution between land and labor would suggest that only laborsaving technologies drive structural transformation. But the most plausible scenario suggests that land-saving technologies can play a role in structural transformation, provided the rate of land-augmenting technical change is not too low. In Asia, Latin America and the former USSR, the rate of land-augmenting technical change is high enough that land-saving technologies contribute one fifth to one third of the explained components of structural transformation over2005-2015. In Europe and North America, this contribution is much smaller and is roughly one tenth. In Sub-Saharan Africa, this contribution is roughly sixty per cent, but the overall rate A Closer Look at the Mechanism of Structural Transformation of technical change is low, and the decreasing land per capita slows structural transformation substantially. These empirical results suggest that land-saving technologies have a significant role to play in the earlier stages of industrialization.
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 1 Figure 1.1, except for the presence of an inflection point. But when LA is smaller than Ŝ in panel (b), the curves are non-monotonic, a serious breach to the analysis of partial effects. Finally,

  modifying the orientation of public policy toward the agricultural sector. In a closed economy, a strategy of industrialization should prioritize the growth of agricultural productivity as a means to release labor from the traditional economy to more modern economic activities. In an open economy, the growth of agricultural productivity risks strengthening a comparative advantage in agriculture and might prevent a large industrial or service sector to emerge. This idea however derives from the resolution of theoretical models and has not been confirmed by empirical studies so far. There is no practical knowledge of whether structural change follows the pattern of a closed or an open economy in the typical developed or developing country, and what options should be followed for the agricultural sector. Calibrations usually rely on a closed economy model without questioning if an open economy model or a world economy model might be more relevant (Matsuyama (2009)). Agricultural Productivity as a Prerequisite of Industrialization In this paper, I test empirically the main assumptions of structural change theory with regard to trade and agriculture. I first study a simple model of structural change that summarizes the theory and serves as a guide for empirical work. The model relies on the premises that a) the economy is closed or b) agriculture and manufacturing are tradable goods while services are nontradables. The model is then tested using econometric methods. The objective is twofold: first, assessing if the qualitative predictions of the model are correct. That is, trade openness should weaken and potentially reverse the link between agricultural productivity and industrialization.Second, assessing the quantitative relevance of openness to trade. That is, does the relationship between agricultural productivity and industrialization changes dramatically over a reasonable range of trade openness? Along the way, another theme of structural change emerges in the regression results: the difficulty of African and Latin American countries to create manufacturing jobs, in the context of the relocation of labour-intensive activities in Asia.

  The paper thus contributes to a still modest literature on the econometric determinants of structural change, among which[START_REF] Xiaofei | Agricultural Productivity and Urbanization: A Smooth Coefficient Regression Analysis[END_REF],[START_REF] Gollin | Urbanization with and without industrialization[END_REF] and[START_REF] Diao | Agricultural Labour Productivity and Industrialisation: Lessons for Africa[END_REF]. Like[START_REF] Xiaofei | Agricultural Productivity and Urbanization: A Smooth Coefficient Regression Analysis[END_REF], I study the effect of an increase in agricultural productivity taking into account the degree of trade openness.[START_REF] Xiaofei | Agricultural Productivity and Urbanization: A Smooth Coefficient Regression Analysis[END_REF] however study the consequences of agricultural productivity on urbanization levels while my research focusses 2.2 The model 71 on sectoral employment dynamics. This also results in the use of different databases. Like Diao et al. (2017), I use the Groningen Growth and Development Center (GGDC) database of sectoral value added at a country level. Diao et al. (2017) however do not take into account trade openness as a key mechanism of structural change. My results partially align with the results

  Having described the consequences of assumptions of tradability on structural change mechanisms, I now proceed to evaluate the empirical relevance of these mechanisms using a panel data econometric model. The dataset is an unbalanced panel of countries observed over a sixty-year period. The key empirical relationship to test is whether an increase in agricultural productivity results in an increase in industrial employment, as in the closed economy model, or results in a decrease in industrial employment, as in the semi-open economy model (Proposition 4). In my empirical estimates, the effect of agricultural productivity will be made to depend on the degree of trade openness. Thus the key empirical question is to know at which level of trade openness the behavior of an economy switches from closed to open, and if this level of trade openness is reached by a typical medium-sized country. Needless to say, the object of interest here is the nature of structural change mechanisms, and an economy behaving as a closed economy with respect to sectoral employment need not behave as a closed economy in other aspects. Finally, another key prediction of the semi-open economy model is that agricultural productivity should
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 41 The causes of premature deindustrialization 1.Rodrik (2016b) sees this phenomenon as the result of unfavorable terms of trade for manufacturing goods. Developing countries of Africa and Latin America have been exposed to a strong decline in the relative price of manufacturing goods due to rapid technical change in the advanced countries. If developing countries act as price takers with respect to world prices, this should cause deindustrialization even though technical change is slow within the country's boundaries. Asia would have been preserved from this trend due to its strong comparative advantage in manufacturing. In the semi-open economy framework of Section 2.2, this reasoning translates readily into an increase of p A , the relative price of agricultural goods in terms of manufacturing goods. Unfortunately, the derivatives of L A , L M and L S with respect to p A are tedious and do not provide clear results that would confirm the reasoning of Rodrik. The regression results of Section 2.3 nonetheless give credits to the idea that a rise in agricultural prices increases employment in agriculture and decreases employment in services, although in most regressions there is no significant correlation with employment in the manufacturing sector.2.[START_REF] Palma | Chapter 3 Four Sources of "De-Industrialization" and a New Concept of the "Dutch Disease[END_REF] argues that the premature deindustrialization of Latin American countries was driven by a new type of Dutch disease. The trade and financial liberalization reforms of the 1980s and 1990s have led to a reversal of their strategy of import substitution industrialization (ISI) toward a position of primary exporters consistent with their high endowment in natural resources. The Dutch disease therefore was not caused by the discovery of natural resources but by the elimination of trade barriers and of interventionist industrial policies. In terms of the semi-open economy model of Section 2.2, the elimination of trade barriers that favor industrial

Explanations 1

 1 and 2 can be framed into the semi-open economy model of Section 2.2 but what about explanations 3 and 4 ? In this subsection, I propose to integrate explanations 3 and 4 into the model of Section 2.2 in the simplest way possible. This will help ascertain their validity in explaining the patterns of structural change observed in the regressions.Let us assume that the manufacturing sector now operates under fixed costs, while the production functions of other sectors stay unchanged. I interpret the fixed costs as representative of the large number of market transactions required by formal manufacturing firms before they can operate. Formally, equation (2.1) is replaced by the following:

.

  Until now, I have shown that there is an inverse relationship between farm size and land productivity in the class of autarkic farmers. But this relationship also holds across classes. Therefore the only efficient class of producers are tenants, followed by autarkic farmers and landlords. Note that the class of autarkic farmers is the only class where land productivity varies with land endowment; tenants and landlords each have a unique land 3

  .2, panels (a) to (f) illustrate the allocation of labor between different classes of farmers and between agriculture and manufacturing for varying levels of θ and δ. Panel (a) pictures the allocation of agricultural labor between tenants, autarkic farmers and landlords when θ goes from zero to one. As θ increases, more and more autarkic farmers are being converted into landlords, and land supply on the rental market increases. This increased land supply in turn motivates tenants to increase the size of their farms and to spend more hours on agricultural work, explaining the positive relationship between the share of labor in agriculture and θ pictured in Panel (b).
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 32 Figure 3.1: The behavior of the rental market

  this inequality in Appendix 3.A).(3.19) Proposition 8 below gives results analogous to Proposition 7 on agricultural labor.Proposition 8 In the partial equilibrium setting of (H1-H4) where agricultural prices (p A ) and intermediate input prices (w, p K ) are exogenous variables, the following results hold.(a) A decrease in transaction costs in the land market increases agricultural production: Provided S T ≤ s 1 , the efficient level of agricultural production can be achieved either with perfectly equal or with perfectly unequal distribution of land ownership: , panels (a) and (b) show that the behavior of agricultural production is roughly the same as agricultural labor: aggregate production is rising with θ, but is a U-shaped function of the Gini index of land ownership.

  Figure 3.3: The behavior of aggregate production

  is easily derived by differentiating (3.15) and (3.16) with respect to θ. Part (b): two useful results for the computation of the limits of (3Part (a): the efficiency index I is an increasing function of θ: in I delimited by square brackets tends to zero whenever δ tends to one or tends to infinity: lim δ→1,∞ 1 -(δ -1)θ β δ(α + β) -β θ α+β α (δ-1) δ -α δ(α + β) -β = 0. (3.32) 150 Land Rental Market Reforms: Can They Increase Outmigration From Agriculture? 3.A.3 Proposition 9 Part (a): the implicit equation defining p A can be written as a function of p A and θ as follows: ỸA (p A ) I(p A , θ) = λ. implicitly (3.33) and use (3.34) and (3.30) to find the desired result:

  that 0 < I ≤ 1This proof relies on a study of the function f (θ):

  transformation. The next step is to ask what mechanisms caused the adoption of agricultural machines to substitute for labor.[START_REF] Wang | Wage Growth, Landholding, and Mechanization in Chinese Agriculture[END_REF] has shown that a rise in agricultural real wages and the introduction of a machine rental market are the main empirical determinants of the adoption of machines in China. The machine rental market has helped overcome the problem of indivisible investments, especially for large farms that benefit the most of laborsaving technologies. Along these lines, it would be interesting to design a general equilibrium model with a focus on the adoption of agricultural machines, either by renting or buying, and Cette thèse étudie les déterminants agricoles de l'industrialisation dans une perspective à la fois théorique et empirique. L'objet du premier chapitre est de déterminer quel est la nature des progrès techniques qui ont permis un déversement de la population active de l'agriculture vers l'industrie et les services. S'agit-il d'une amélioration de la productivité des terres agricoles, ou d'une amélioration de la productivité du travail agricole ? Un modèle théorique simple estimé à partir de données nationales suggère que dans les pays en développement dont la production agricole est proche du niveau de subsistance des ménages, les deux types de progrès techniques contribuent au déversement de la population active agricole. En revanche, dans les pays développés, la productivité du travail est le facteur prédominant, tandis qu'un changement technologique qui s'apparente à une extension des terres pourrait au contraire attirer davantage de travailleurs dans le secteur agricole. L'objet du second chapitre est de déterminer si la répartition sectorielle de l'emploi à l'échelle nationale reflète le fonctionnement d'une économie fermée aux échanges internationaux, ou au contraire le fonctionnement d'une économie ouverte aux échanges et qui serait preneuse de prix.Les résultats de l'estimation d'un panel de données pour une quinzaine de pays développés et en développement sont favorables à la thèse d'une économie fermée aux échanges, dans laquelle les secteurs dont la taille relative croît sont ceux qui possèdent la croissance de la productivité du travail la plus faible. Cela signifie qu'une stratégie d'industrialisation doit passer par une forte croissance de la productivité du travail agricole, qui permettra à la fois une baisse des prix des produits alimentaires et une croissance du pouvoir d'achat vers les biens non alimentaires, et un surplus de main d'oeuvre pour les secteurs secondaires et tertiaires. L'objet du troisième chapitre est de quantifier les effets d'une réforme du marché de la location des terres agricoles sur la répartition sectorielle de la population active. Dans de nombreux pays en développement, ces marchés sont peu actifs en raison de nombreuses contraintes légales et de la faible protection des droits de propriété pour les propriétaires terriens. Une amélioration du fonctionnement de ces marchés peut-elle contribuer au déversement des travailleurs agricoles dans les secteurs non agricoles, ou à l'augmentation du travail des fermiers dans les activités non agricoles ? Théoriquement, la question est complexe car les effets d'équilibre partiel et les effets d'équilibre général aboutissent à des conclusions opposées. En équilibre partiel, lorsque le marché de la location des terres voit son activité augmenter, cela encourage les travailleurs à rejoindre le secteur agricole. En équilibre général, les prix agricoles diminuent, et cela incite les travailleurs agricoles à quitter leur secteur d'activité. Néanmoins, les simulations effectuées montrent qu'une réforme du marché de la location des terres pourrait contribuer à augmenter significativement les revenus et le bien-être des agriculteurs. This thesis investigates the agricultural determinants of industrialization from a theoretical and empirical perspective. The first chapter asks about the type of technical change involved in the shift of the working population away from agriculture and into industry and services.
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	1.4 Estimates of the elasticities of agricultural labor	25
	1.4 Estimates of the elasticities of agricultural labor	
	In this section I estimate the elasticities of agricultural labor derived in Section 1.3 (equations
	(1.18), (1.19) and (1.20)) to investigate the effect of different types of technical change on
	structural transformation. The estimation is made at a country and regional level for a total of
	166 countries and 8 broad regions of the world for the period 2011-2012. Data sources and
	methodological choices are discussed first, then the results are summarized.	
	Before getting into the estimation details, a note of caution is in order. The model describes
	a closed economy, and the estimation should be interpreted as such. The question of whether
	an economic unit is approximately described as closed or open is practically a question of size:
	Figure 1.1: Various elasticities as a function of the partial effect of sigma	
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 ( , I compare the MDER with actual food supply per capita as estimated by the FAO. Both measurements are comparable and are expressed in kilocalories per capita per day. Data sources for the estimation of L A ,A L , L A ,A S and L A ,B

	1.4 Estimates of the elasticities of agricultural labor	27
	MDER -though not estimated primarily for the purpose of economic analysis-fits closely the
	idea of the subsistence level of a representative household 8 . To obtain the indicator of proximity
	1.2)) on European Facing a similar limitation on data availability, all countries have been assigned the same countries suggests that 0.5 is the most reasonable guess. Cobb-Douglas parameter ν M . Since ν M is inherently a long run variable and since the estimation focuses on developing countries that did not fully achieve structural change, it is indeed difficult to subsistence Y A -λ Y A Table 1.1: Concept Data item Data source Available at to guess ν M at a country level. In this study, I have computed ν M as the share of final consumption country level
	devoted to non-food items among OECD countries. Having achieved their structural transforma-Agricultural output Food supply in kilocalories per capita per Food and Agriculture
	tion out of agriculture, these countries are deemed to provide a good approximation of the long day, 2011-2012 average Organization (FAO) per capita: Y A Yes
	run situation. The resulting value of ν M is roughly 0.89. Minimum Dietary Energy Requirement	
	2011-2012 average Data on the income share of land is based on Keith (2015) using the most recent estimates of Subsistence level: λ (MDER) in kilocalories per capita per day, FAO Yes
	2011-2012. Fuglie draws on 19 studies at a country level to assign income shares to 17 broad Sum of income shares: land, livestock
	Income share of land regions of the world, assuming small economies behave similarly to large economies like Brazil capital, crop materials, livestock materials. Keith (2015) Yes
	or India for which estimates are available. The income shares as computed by Fuglie include six in agriculture: s S 2011-2012 estimates
	Cobb-Douglas classes of agricultural inputs: labor, land, livestock capital, machinery capital, crop materials Weighted average of the share of final
	1.1, the income share of labor is assumed to be the sum of the income shares of labor and fixed countries 2 , 2016 ν M household consumption devoted to non-food expenditures among OECD (e.g. fertilizers, seeds, herbicides) and livestock materials (e.g. feed). As documented in Table preference parameter: OECD No
	capital while the income share of land sums up the remaining inputs. This is of course not a Elasticity of
	benign choice, since choosing fertilizers and seeds to be part of the land income share means substitution: σ Set to 0.2, 0.5 and 1.2 Table 1.2 No
	that fertilizers and seeds implicitly contribute to land-augmenting technical change, which as Weights for regional aggregation
	stated in the introduction is not always the case. Once again, mechanical technologies on the one employment), 2011-2012 average Organization hand and biological technologies on the other roughly reflect two directions of technical change Agricultural labor International Labor Employment in agriculture (paid + self Yes
	without being completely satisfactory. Net production value of agriculture in	
	Finally, a few words on the empirical counterparts of λ and Y A . λ is based on FAO estimates of Agricultural output constant 2004-2006 international dollars, FAO Yes
	the Minimum Dietary Energy Requirement (MDER) at a country level. The MDER is expressed 2011-2012 average
	in kilocalories and reflects a person's energy needs consistent with preserving good health in
	the long run (Naiken (2003), Wanner et al. (2014)). It is first computed by sex and age groups
	on the basis of the reference body weight and physical activity, and then each group energy
	requirement is weighted by the proportion of that group in the total population. Happily, the
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 12 Estimates of the elasticity of substitution between labor and land

	Author	Year	Country	Period	Additional Specifications	Estimate
					non-homothetic structure	
	Raihana	2012	Bangladesh	1973-1995		(-0.0615)
					with technical change	
				1990-1996		0.256
	Melfou et al.	2009	Greece			
				1969-1996		0.409
	Tewari and Kant	2005	South Africa	1965-1997		15.63
						0.5
				Meta-analysis	corrected for outliers	0.5
	Salhofer	2000	Europe			
				of 32 studies		
					corr. for outliers & weighted	0.3
						1,1982-
				1949-1971		
						1,3073
			South			
	Sharma	1991		1918-1938		
			Korea			1,0811-
				and		
						1,1326
				1949-1971		
			United	1939-1977	Hicks-neutral technical	0.7482
	Ray	1982				
			States	1977	change	0.6196
					Rice	0.36-1.18
					Cotton	0.02-0.64
					Corn	0.28-0.8
	Thirsk	1974	Colombia	1968	Sesame, Soybeans and	
						0.12-0.89
					Sorghum	
						(-0,83)-
					Wheat and Barley	
						0,87
				1949, 1954,		
	Binswanger	1974	United States			0.204
				1959, 1964		
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	1.3) shows that when σ is equal to 1.2, labor and land-augmenting technical changes
	have relatively similar values around (-0.5) and (-0.4) except for North America. In this situation,
	both types of technical change are expected to be roughly equally effective for structural transfor-
	mation out of agriculture. In North America however, land-augmenting technical change (-0.67)
	is considerably more effective than labor-augmenting technical change (-0.2). When σ decreases
	to 0.5, labor-augmenting technical change is roughly equal to (-0.5) and is three to eight times
	more effective than land-augmenting technical change everywhere in the world. Regions where
	land-augmenting technical change remains substantially effective are Sub-Saharan Africa (-0.25)
	and South Asia (-0.19). Finally, when σ reaches 0.2, land-augmenting technical change yields
	positive elasticities in every region, close to 0.1 in Sub-Saharan Africa and South Asia, but
	frequently closer to 0.3. Labor-augmenting technical change reaches (-0.7) and drives structural
	transformation entirely, while land-augmenting technical change (or land use) slows it down.
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.4: Growth of agricultural output, TFP and inputs by region, average growth rate in percentage,

[2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015] 
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 16 Decomposition of growth in agricultural labor per capita by region, average growth rate in percentage, 2005-2015

					Residual		(10)		
				Agri.		labor per		capita (9)	
	Sources of growth in	agricultural labor per capita		Labor-	Land-aug. Land per	aug. TC	TC (7) capita (8)	(6)	
	Elasticities of agri.	labor with respect	to	Labor-	Land-aug.	aug. TC	TC (5)	(4)	-0.59 -0.17
	Growth in exogenous	parameters			Land-aug. Land per		TC (2) capita (3)		6.0 -0.6
				Labor-		aug. TC		(1)	6.5
						Region			Asia

Table 1 . 7 :

 17 Decomposition of growth in agricultural labor per capita by subregion, average growth rate in percentage, 2005-2015

	Sources of growth in agricultural	labor per capita
	Elasticities of agri. labor	with respect to
	Growth in exogenous parameters	Labor-aug.
		Subregion
		Region
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 1 8: Regional groupings

	Sub-Saharan Africa (except South Africa)					
	Central	Eastern	Horn	Sahel	Southern	Western	Nigeria
	Cameroon	Burundi *	Djibouti	Burkina Faso	Angola	Benin	
	Central African Republic	Kenya	Ethiopia	Cape Verde	Botswana	Côte d'Ivoire	
	Congo Republic	Rwanda	Somalia *	Chad	Comoros *	Ghana	
	Congo, DR *	Seychelles *	Sudan	Gambia	Lesotho	Guinea	
	Equatorial Guinea *	Tanzania	South Sudan	Mali	Madagascar	Guinea-Bissau	
	Gabon	Uganda		Mauritania	Malawi	Liberia	
	Sao Tome & Principe			Niger	Mauritius	Sierra Leone	
				Senegal	Mozambique	Togo	
					Namibia		
					Réunion *		
					Swaziland		
					Zambia		
					Zimbabwe		
	Asia (except Middle East)					Middle East & North Africa
	Developed	Northeast Asia	South Asia	Southeast Asia	Pacific	Middle East	North Africa
	Japan	China	Afghanistan	Brunei	Fiji	Bahrain *	Algeria
	Korea Republic	Korea, DPR	Bangladesh	Cambodia	Micronesia a	Iran	Egypt
	Taiwan (China)	Mongolia	Bhutan *	Indonesia	New Caledonia	Iraq	Libya *
	Singapore *		India	Laos	Papua New Guinea *	Israel	Morocco
			Nepal	Malaysia	Polynesia b	Jordan	Tunisia
			Pakistan	Myanmar	Solomon Islands	Kuwait	
			Sri Lanka	Philippines	Vanuatu	Lebanon	
				Thailand		Oman	
				Timor-Leste *		Qatar *	
				Viet Nam		Saudi Arabia	
						Syria	

*

Turkey UAE Yemen
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 1 8: Regional groupings (continued)

	Latin America & Caribbean

Table 2 .

 2 2: Europe & North America OLS Table 2.3: Europe & North America IV Table 2.8: North Africa & Sub-Saharan Africa OLS Table 2.9: North Africa & Sub-Saharan Africa IV Table 2.10: High income countries OLS Table 2.11: High income countries IV Table 2.12: Middle & low income countries OLS Table 2.13: Middle & low income countries IV

	Dependent variable	Agriculture	Industry	Services
	ln(Prodagriculture)	-0.142***	0.0684***	0.0735***
		(0.0179)	(0.0177)	(0.0193)
	ln(Prodindustry)	-0.0282	0.0248	0.00337
		(0.0355)	(0.0313)	(0.0184)
	ln(Prodservices)	0.0163	-0.0555	0.0392
		(0.0544)	(0.0724)	(0.0577)
	ln(Agrealprices)	1.746***	-2.454***	0.709
		(0.418)	(0.440)	(0.537)
	Openness	-0.404***	0.331***	0.0732
		(0.0863)	(0.0496)	(0.0818)
	Openness x ln(Prodagri)	0.0694***	-0.0400**	-0.0294*
		(0.0194)	(0.0125)	(0.0143)
	Constant	-7.945***	12.16***	-3.214
		(2.054)	(2.169)	(2.454)
	Country & year fixed effects	Yes	Yes	Yes
	Observations	393	393	393
	Number of countries	8	8	8
	Smallest group	49	49	49
	Average group	49.13	49.13	49.13
	Largest group	50	50	50
	R_squared within	0.884	0.919	0.974
	R-squared between	0.118	0.0169	0.0649
	R_squared overall	0.211	0.248	0.450
	Robust standard errors in parentheses	
	*** p<0.01, ** p<0.05, * p<0.1	

Table 2 .

 2 14: Derivative signs in the closed economy model

	H H	H	H H	Labor	L A L M L S
	TFP		H	H H H
			A			-	+	+
			M			+	-	+
			S			+	+	-

Table 2 .

 2 15: Derivative signs in the open economy model

	H	H H	H H	Labor	L A	L M	L S
	TFP		H	H H H		
			A			+ or -	-	+
			M			-	+ or -+
			S			+	+	-

Table 2 .

 2 16: First-stage regression results: regions Table 2.17: First-stage regression results: income levels Table 2.19: Upper middle income countries IV

		Europe & N.			N. Africa &
	Region		Asia	Latin Am.	
		Am.			Sub. Africa
	Dependent variable		ln(Prodagriculture)	
	Employment in agriculture t-1	-4.472**	-2.244**	-2.040***	-3.753***
		(1.595)	(0.904)	(0.487)	(1.158)
	Employment in agriculture t-2	0.338	0.290	0.926	3.273**
		(1.291)	(0.497)	(0.613)	(1.440)
	ln(Prodindustry)	-0.0345	0.172*	-0.0285	0.0788
		(0.152)	(0.0868)	(0.165)	(0.0703)
	ln(Prodservices)	-0.166	0.177	0.732**	0.307**
		(0.184)	(0.106)	(0.261)	(0.115)
	ln(Agrealprices)	13.66***	0.703	3.864***	2.833**
		(1.549)	(1.022)	(1.017)	(1.191)
	Openness	-1.992***	-0.733**	-0.749	-0.507
		(0.418)	(0.236)	(0.413)	(0.366)
	Openness x ln(Prodagri)	0.364***	0.148***	0.219**	0.170**
		(0.0541)	(0.0304)	(0.0791)	(0.0682)
	Constant	-62.78***	-0.146	-18.75**	-12.29*
		(7.229)	(4.729)	(5.831)	(5.803)
	Country & year fixed effects	Yes	Yes	Yes	Yes
	Observations	392	474	456	592
	Number of countries	8	11	9	13
	Smallest group	48	25	50	39
	Average group	49	43.1	50.7	45.5
	Largest group	50	51	51	51
	R-squared within	0.811	0.910	0.898	0.590
	R-squared between	0.100	0.965	0.967	0.948
	R-squared overall	0.130	0.951	0.964	0.933
	Robust standard errors in parentheses		
	*** p<0.01, ** p<0.05, * p<0.1		

Table 2 .

 2 20: Low & lower middle income countries OLS Table 2.21: Low & lower middle income countries IV

	Dependent variable	Agriculture	Industry	Services
	ln(Prodagriculture)	-0.112***	-0.00315	0.115***
		(0.0319)	(0.00519)	(0.0311)
	ln(Prodindustry)	0.00537	-0.0247**	0.0193
		(0.0260)	(0.00910)	(0.0177)
	ln(Prodservices)	0.0959*	-0.000351	-0.0956**
		(0.0472)	(0.00969)	(0.0405)
	ln(Agrealprices)	-1.503***	0.168	1.336***
		(0.222)	(0.0970)	(0.146)
	Openness	-0.0174	-0.0135	0.0308
		(0.0508)	(0.0150)	(0.0419)
	Openness x ln(Prodagri)	-0.0161	0.00732*	0.00882
		(0.0146)	(0.00380)	(0.0120)
	Constant	8.004***	-0.616	-6.388***
		(0.946)	(0.453)	(0.584)
	Country & year fixed effects	Yes	Yes	Yes
	Observations	653	653	653
	Number of countries	14	14	14
	Smallest group	41	41	41
	Average group	46.64	46.64	46.64
	Largest group	52	52	52
	R_squared within	0.770	0.382	0.805
	R-squared between	0.349	0.0711	0.136
	R_squared overall	0.424	0.0802	0.254
	Robust standard errors in parentheses	
	*** p<0.01, ** p<0.05, * p<0.1	
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 3 1: Percentage of hired labor in total labor supply (family + hired) in agriculture

			Hired labor in labor
	Country	Year	
			supply
	Albania	2005	0,4%
	Bangladesh	2005	34,4%
	Bolivia	2005	0,8%
	Cambodia	2004	2,1%
	Ethiopia	2012	10,1%
	Ghana	2013	1,3%
	Guatemala	2006	2,8%
	Indonesia	2000	8,9%
	Kenya	2005	14,3%
	Malawi	2011	2,4%
	Nepal	2003	1,9%
	Nicaragua	2005	6,3%
	Niger	2011	3,6%
	Nigeria	2013	3,5%
	Panama	2003	9,9%
	Tajikistan	2007	32,9%
	Uganda	2012	8,8%
	Tanzania	2013	6,2%
	Viet Nam	2008	3,5%
	Source: author's computations on the FAO Smallholders dataportrait, nationally repre-
	sentative estimates. Labor is measured in days of work supplied to the farming house-
	hold over one year. Total labor includes family and hired labor, and family labor includes
	both on-farm and off-farm work.		
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 32 Data sources of the calibration

	Parameter	Definition	Data source
	δ	Shape parameter of the Pareto distribution of land	Gini index: FAO Yearbook 2010, Europe: Kay et al. (2015)
			Nin-Pratt and Yu (2008) (Bangladesh, Nepal, Lao, Egypt, Lebanon,
	α, β	Labor and land factor share	Morocco, Uruguay: continental average from constrained estimations), United States: Keith (2015) (2011-2012 estimates); Europe: Wang
			et al. (2012)
	S T	Land-labor ratio	Agricultural land: FAO; employment in agriculture: ILO estimates
	θ	Transaction costs in the land market	Target: share of land rented in. Data source: author's computations using data from the World Programme for the Census of Agriculture 2010, FAO.
	λ	Agricultural output & consumption	Target: value added in agriculture divided by total employment. Data source: Worldbank and ILO estimates.
		Labor productivity in the	Target: employment in agriculture in percentage of total employment.
	M		
		manufacturing sector	Data source: ILO estimates.
	A, η	Total factor productivity in agriculture, price of capital goods	Normalized to 1
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 3 3: Initial parameter values of the calibrationTable 3.5: Consequences of rental market and land reforms in lower middle income countries Table 3.6: Consequences of rental market and land reforms in upper middle income countries

	Country	Gini index	δ δ δ	α α α	β β β	S T S T S T	θ θ θ	λ λ λ	M
	Bangladesh	0.62	1.30645	0.16	0.53	0.0015	0.66	0.1225	129
	Brazil	0.85	1.08824	0.36	0.29	0.0313	0.0000002	1.07	3533
	Egypt. Arab Rep.	0.69	1.22464	0.37	0.32	0.0014	0.08	0.455	1725
	Ethiopia	0.47	1.56383	0.31	0.40	0.0076	0.53	0.484	154.5
	European Union	0.82	1.10976	0.30	0.08	0.0080	0.82	15.71	8166
	India	0.60	1.33333	0.15	0.39	0.0037	0.09	1.347	184
	Jordan	0.81	1.11728	0.37	0.32	0.0052	0.009	0.2485	5660
	Lao PDR	0.41	1.71951	0.30	0.40	0.0067	0.44	0.543	208
	Morocco	0.62	1.30645	0.37	0.32	0.0287	0.16	1.3745	1103
	Namibia	0.36	1.88889	0.30	0.39	0.5658	0.9	3.19	1942
	Nepal	0.49	1.52041	0.16	0.53	0.0027	0.79	0.1853	83
	Nicaragua	0.72	1.19444	0.38	0.25	0.0183	0.00002	1.53	642
	Senegal	0.5	1.50000	0.37	0.35	0.0242	0.61	0.81	841
	United States	0.78	1.14103	0.13	0.25	0.0262	0.9	14.43	11090
	Uruguay	0.79	1.13291	0.37	0.27	0.0896	0.9	2.246	9365

In Section 1.2, where the modern sector possibly has decreasing returns to scale, one cannot dispense with such considerations without losing in generality.

Note that the service sector is itself an increasing function of A and M, a decreasing function of S .

Note that these preferences are not of the Gorman form. However, these preferences can still be aggregated provided the distribution of wealth is restricted so as to ensure that every household can afford the subsistence level λ.

This conclusion is potentially undermined by the large prevalence of informal rental agreements in India, not taken into account in the data.

Conversely, it is not self-evident that agricultural workers are mostly low-skill workers. Even though traditional peasants may have little formal education, they may have benefited from long years of informal training during their childhood on a farm.
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Agricultural Productivity as a Prerequisite of Industrialization Reforming the land rental market might not accelerate the rural exodus, but it will certainly make the farmers better off Several countries among the middle income group (India, Brazil, Nicaragua, Egypt) have deficient land rental markets that weight on the welfare of farmers, without necessarily having a clear impact on sectoral employment. Land rental market reforms, i.e. the elimination of the various transaction costs inherent in renting land, have two opposite effects: in the short run, land is transferred from the hands of farmers which are labor-constrained to the hands of farmers with additional available labor. This creates an incentive to use more labor on the farm and should raise agricultural employment. In the long run, a land rental reform leads to an increase in agricultural production and a decrease in agricultural prices. This decrease in agricultural prices should reduce agricultural employment, potentially reverting the short-run effect.

The net effect is in general unclear, as countries in which a reform has been simulated exhibit sometimes increasing, sometimes decreasing agricultural employment. A more certain outcome is that a land rental market reform leads to a lesser use of agricultural inputs (fertilizers, machines etc.) as a result of the more efficient usage of labor per hectare of land. This in turn should raise the profits of farmers and increase their welfare through higher aggregate consumption.

What remains to be known?

The role of education Some authors have suggested that schooling and training could be a major obstacle to the rise of the industrial and service sectors, emphasizing that workers cannot easily move from one sector to another without upgrading their skills. For example, [START_REF] Caselli | The U.S. Structural Transformation and Regional Convergence: A Reinterpretation[END_REF] and [START_REF] Schreck | Schooling Choice During Structural Transformation[END_REF] have hypothesized that the agricultural sector employs low-skill workers while the manufacturing sector employs high-skill workers, and that workers must incur the cost of schooling before changing sectors. The available evidence is still unclear however, as these authors have reached opposite conclusions on the importance of schooling for structural transformation.

One can also question the idea that the secondary and tertiary sectors have higher skill needs than agriculture. Historical evidence has shown that the initial development of the industrial on the many market failures that prevent such adoption. This could bring more precision and concreteness in the mechanisms of structural transformation studied so far.

The quantitative importance of other institutional mechanisms

Regarding institutional set-ups, I have talked about market failures regarding the labor and land markets, and about the lack of a favorable environment for large firms (cost of electricity, transportation, contract enforcement etc.). One could go a step further and ask about the importance of other well-known institutional mechanisms. There is of course a plethora of institutions whose role in industrialization has been put forward, but little is still known about their macroeconomic importance. Some authors argue that the nature of the political system is critical (e.g. [START_REF] Acemoglu | Why Nations Fail: The Origins of Power, Prosperity and Poverty[END_REF]). Since industrialization is synonymous with a change in economic power from the landed aristocracy to the industrial bourgeoisie, authoritarian regimes lead by aristocratic families (e.g. XIXth century's Russia and Austria-Hungary) block social and economic changes to preserve their power. Others have argued that legal innovations, specifically the invention of the limited liability company, have been decisive in the apparition of the first manufacturing plants (e.g. [START_REF] Forbes | Limited Liability and the Development of the Business Corporation[END_REF]). A more recent example is the prohibition of private property firms by communist regimes in the twentieth century, which has likely hindered the development of light, small-scale manufacturing firms. Lastly, two key institutional changes might be worth being studied in detail: the impact of the regional and national integration of agricultural markets, and the emergence of rural financial markets.