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Résumé 
Cette thèse comprend trois (3) essais sur les institutions et le développement. Le premier 

essai intitulé «Mobile Getting Priees Right: Mobile Phone Diffusion, Externalities and Inequal-

ity», explore l'effet informationnel de l'utilisation du téléphone portable par les agriculteurs sur 

l'efficacité du marché, le bien-être et les inégalités. Dans cet essai, nous proposons un cadre unifi-

cateur pour analyser les impacts positifs et négatifs de la diffusion des téléphones potables sur le 

fonctionnement des marchés agricoles dans les économies en développement. Nous étudions la dif-

fusion asymétrique des téléphones dans un modèle d'arbitrage spatial entre deux marchés voisins. 

Nous montrons que l'adoption des téléphones a des fortes implications distributionnelles. En 

particulier, une augmentation exogène de l'adoption des téléphones dans un marché génère trois 

types d'externalités: une externalité négative inter-marchés, une externalité positive intra-marché 

sur les producteurs non-informés et une externalité négative intra-marché sur les producteurs in-

formés. La diffusion des téléphones peut aussi aggraver les inégalités liées à la production. Les 

résultats restent robustes, sous certaines conditions, lorsque la décision d'acheter le téléphone est 

endogène. 

Le de_uxième essai intitulé «Mobile Phones and Political Evolution in Africa», examine l'effet 

de la diffusion des téléphones portables sur le régime politique et le changement institutionnel 

en Afrique. Les événements récents dans les pays arabes nous ont montré le rôle que joue les 

nouvelles technologies de l'information et de communication comme l'internet et le téléphone 

portable pour faciliter la mobilisation et la coordination des activités de contestation populaire. 

Dans cet essai, nous menons une exploration systématique des effets potentiels de la diffusion 

des téléphones portables sur le régime politique et le changement institutionnel dans les pays 

africains. Nous utilisons des données de panel de 47 pays africains pour examiner si l'émergence 

des téléphones portables est associée à une augmentation de la responsabilité de l'État vis-à-vis 

de ses citoyens. Nous trouvons une corrélation positive forte entre l'adoption des téléphones et 

les libertés civiles et une absence de corrélation avec les droits politiques. Ainsi , les pays avec 

plus de téléphones ont plus de liberté civile, mais n'ont pas plus (ou moins) de droits politiques. 

Le troisième essai intitulé : «The Challenges to Agricultural Development in Sub-Saharan 

Africa», étudie comment les termes de l'échange affectent la transformation du secteur agricole 

en Afrique sub-saharienne. Nous explorons le mécanisme à travers le fonctionnement du marché 
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des intrants nécessaires à l'amélioration des rendements agricoles. Nous relions le fonctionnement 

de ce marché à l'économie politique de l'institution qui l'organise. Nous associons cette économie 

politique à l'intérêt de l'élite dans la sécurisation des droits de monopole sur l'offre des intrants 

agricoles, et de l'intégrer dans un modèle d'équilibre général à deux secteurs d'une petite économie 

agraire ouverte. Nous montrons que de mauvais termes de l'échange accroissent la capacité de 

l'élite de sécuriser les droits de monopole, provoquant ainsi l'inefficacité du marché du secteur 

intermédiaire des intra?ts agricoles. Nous concluons que l'amélioration des termes de l'échange 

agricole peut être un défi important pour la transformation des . pratiques agricoles en Afrique 

subsaharienne. 
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Abstract 

This thesis is composed of three essays in institutions and development. In the first essay «Mo-

bile Getting Priees llight: Mobile Phone Diffusion, Externalities and Inequality», we provide a 

unifying analysis of the positive and negative impacts of mobile phone diffusion on agricultural 

markets in developing economies. We study asymmetric phone diffusion in a model of spatial arbi-

trage between neighboring marketplaces. We show that phone adoption has strong distributional 

implications and that many producers may actually lose from an expansion in phone coverage. 

In particular, an exogenous increase in phone adoption in a market generates three different ex-

ternalities: a negative intermarket externality, a positive intramarket externality on uninformed 

producers and a negative intramarket externality on informed producers. Phone diffusion can 

also aggravate production-related inequality. The analysis extends, under sorne qualifications, 

when the decision to huy a mobile phone is endogenous. 

In the second essay entitled «Mobile Phones and Political Evolution in Africa», we pro-

vide the first systematic exploration of the effect of communication technologies on political 

and institutional evolution. Recent revolutions in Arabie countries provide an evidence of cell 

phone technology's effects on political and institutional evolution. This part of the thesis pro-

vides a first systematic exploration of these potential effects in African countries. We use panel 

data on 47 African countries to examine whether the emergence of this readily accessible mass-

communication deviee is associated with a commensurate increase in the State's accountability 

toits citizens. We find a clear positive correlation between phone adoption and civilliberties and 

an absence of correlation for political rights. Thus, countries with more phones also have more 

civilliberties but do not have more (or less) political rights. 

In the third essay titled «The Challenges to Agricultural Development in Sub-Saharan Africa», 

we study how terms of trade affect agricultural transformation in sub-Saharan Africa (SSA) where 

farrning is carried out predominantly by the nonelite population. The mechanism we explore works 

through the market for yield-enhancing inputs used in farrning. We link the functioning of this 

market to the political economy of the institution organizing it. We relate this political economy 

to the elite's vested interest in securing monopoly rights over the supply of yield-enhancing inputs, 

and incorporate it in a two-sector general equilibrium model of a small open agrarian economy. 

We show that poor terms of trade enhance the elite's ability to secure monopoly rights, thus caus-
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ing the market for yield-enhancing inputs to be inefficient. We conclude that poor agricultural 

terms of trade may be an important challenge to the transformation of farming practices in SSA. 
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1. Introduction 

La récente explosion de l'utilisation des téléphones portables dans les pays en développement est 

une véritable révolution. De nos jours, presque tout le monde possède un téléphone portable. Le 

phénomène est plus que spectaculaire en Afrique. En effet, introduit dans le continent à la fin 

des années 80, l'Afrique comptait près de 2 millions d'abonnés en 1997. Évalué à 12 millions en 

2001, le nombre d'abonnés a atteint plus de 389 millions en 2009. Plus de deux tiers des pays 

africains connaissent actuellement un taux de pénétration de la téléphonie portable supérieur 

à 30%. Quelques marchés africains ont même atteint la barre des 100 % de pénétration. Cette 

révolution du téléphone portable est en train de contribuer à transformer les économies nationales 

et le mode de vie en généraL L'accès soudain au téléphone représente un changement majeur 

pour les ménages, agriculteurs, et entrepreneurs dans ces pays où la téléphonie fixe est souvent 

peu accessible et peu fiable, et où les infrastructures en général sont peu développées. 

Le rôle critique de l'information pour l'efficacité du fonctionnement des marchés est unanime-

ment accepté. L'hypothèse de l'information parfaite constitue un des fondamentaux des deux 

théorèmes de l'économie du bien-être. Elle exige que les agents doivent posséder les bonnes in-

formations concernant les états et les prix du marché pour pouvoir s'engager dans un arbitrage 

optimal. Cependant, le manque et l'absence d 'information sont plus ou moins la norme dans la 

plupart des pays d 'Afrique, et plus particulièrement en milieu rural. Ainsi , les marchés fonction-

nent souvent mal et sont caractérisés par une forte dispersion des prix. Le manque d 'information, 

combiné avec l'éloignement et les coüts de transaction élevés, fait que les producteurs sont souvent 

obligés de vendre à des prix en deçà de ce que le marché offre réellement. 

La diffusion à grande échelle du téléphone portable a facilité l'accès et la transmission d'information 

et réduit les coüts de transaction. Les téléphones portables jouent ainsi un rôle évident dans la 

transmission d 'information, en permettant aux producteurs de se renseigner sur les conditions 

des marchés où ils sont susceptibles de vendre leurs biens. Si l'exemple le plus connu est le cas du 

marché de poissons en Inde (Jensen, 2007 Abraham 2007) , où le téléphone mobile a permis aux 

pêcheurs de connaître le marché qui offre le meilleur prix, l'Afrique n 'est pas à la marge de ce 

phénomène. Au Sénégal, le téléphone mobile permet une rationalisation du secteur pêche, secteur 

majeur de la production nationale (Chéneau-Loquay, 2001). Grâce aux téléphones mobiles, les 
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how farmers in isolated rural communities without mobile phones are in a weaker bargaining 

position, in a study of tomato and potato markets in Tanzania. He argues that farmers who have 

access to mobile phones gain the most by benefiting from first-hand exchanges of information, 

while farmers without this new communication technology are often caught in a credit dilemma 

whereby they have little choice but to accept the price they are given by their creditor. In the 

same vein, Jagun et al. (2008) note in their case study of the aso oke (hand-woven textile) sector 

in Southwestern Nigeria that mobile phones seem to increase the difference between those who 

can afford access to a mobile - and find greater opportunities to trade - and those who cannot -

and find they have fewer orders. These negative effects have been neglected, so far, in economic 

studies of mobile phone diffusion. 

In this paper, I provide a unifying theoretical analysis of the positive and negative impacts 

of phone diffusion. I build on Jensen (2007) and develop of model of spatial arbitrage between 

neighboring marketplaces. In contrast to Jensen (2007), however, I focus on asymmetric phone 

diffusion. I clarify the key informational externalities at work and study the impact of phone 

diffusion on welfare and inequality. 

Consider an exogenous increase in phone adoption in one market. I show, first, that price 

dispersion decreases. So existing results on price dispersion are robust to asymmetric diffusion. I 

then look at the impact on individual payoffs for the different types of producers. My analysis un-

covers three different effects. (1) A negative intermarket externality: As producers in one market 

become better informed, they are better able to exploit arbitrage opportunities and this unam-

biguously lowers producers' payoffs in the other markets. (2) A positive intramarket externality 

on uninformed producers: As more informed producers exploit arbitrage opportunities, local sup-

ply tends to decrease which reduces intramarket competition and indirectly helps uninformed 

producers. (3) A negative intramarket externality on informed producers: Informational rents 

naturally tend to decrease when the information technology becomes more common, so informed 

producers lose from a further increase in phone adoption. This shows that phone adoption has 

strong distributional implications, and that many producers may actually lose from an expansion 

in phone diffusion. 

My analysis contributes to a growing economic literature studying the effects of increased 

market information on development. While most existing studies are empirical, a few papers have 



developed theoretical models (see Jensen 2007, Aker 2008, Goyal 2010). I build on these previous 

studies and provide the first analysis of asymmetric phone diffusion and of its potentially negative 

distributional effects. My paper brings the debate on the "digital divide" to the attention of 

economists interested in mobile phone diffusion. It also contributes to that debate by developing a 

rigorous formal framework in which to analyze distributional implications. It determines precisely 

who gains and who loses from phone diffusion and by how much. 

In the model, I analyze the production, consumption and sales of a homogenous perishable 

good. I consider two neighboring but distant marketplaces. Price dispersion across markets is 

caused by village-level supply shocks. The key decision at stake is whether a farmer prefers to 

sell his product locally or to transport it to, and sell it in, the other market. I first determine 

the optimal decisions for farmers prior to phone diffusion. I show that some arbitrage might 

already emerge: Farmers with very high levels of production infer that their own market will be 

in a supply glut, and they prefer to switch markets. However, such arbitrage cannot appear if 

transaction costs are high which, for simplicity and for the sake of realism, I assume in the rest 

of the analysis. 

I next introduce mobile phones to the model. I suppose that mobile phones allow farmers to 

check prices in the other market and consider any exogenous phone penetration rates. I show the 

existence of a unique market equilibrium and determine its comparative statics. In particular, 

I show that an increase in local penetration rate necessarily leads to an increase in local price 

and to a decrease in the other market's price. As more local farmers take advantage of the 

new technology, local competition tends to decrease while competition in the other market tends 

to increase. These price effects give rise to the three distributional impacts described above. 

I also look at how phone diffusion affects inequality. In particular, I find that mobile phones 

tend to aggravate production-related inequality: Farmers with high levels of production benefit 

disproportionately from the new technology. I then illustrate these effects and the welfare impacts 

through numerical simulations. The simulations confirm that mobile phone diffusion generally 

has both positive consequences on overall welfare and negative impacts on specific categories of 

agents. Finally, I show that my analysis extends, under some qualifications, when the decision to 

buy a mobile phone is endogenous. 

The rest of this paper is structured as follows. Section 2 presents the model and the analysis 



prior to mobile phone diffusion. In Section 3, I introduce mobile phones and analyze their effects 

on farmers' spatial arbitrage and on market equilibrium; at this stage, I assume that mobile phone 

penetration rates are set exogenously. Section 4 presents the effects of mobile phones on market 

outcomes. Section 5 illustrates the results through numerical simulations. In section 6, I extend 

the model by assuming that a farmer's choice to buy a mobile phone is endogenous. 

2.2. A M o d e l of P r i c e Dispers ion a n d In fo rmat ion Diffusion 

In this section I develop a model of spatial arbitrage between two neighboring marketplaces. 

Uncertainty over market supply is the main source of price dispersion across markets. I first set 

up the model and then examine how farmers decide where to sell their output when they observe 

only their own production. I show that an equilibrium with price dispersion can persist due to 

lack of information. 

2 .2 .1 . T h e S e t u p 

Consider two neighboring villages, denoted by v = 0,1 where a particular homogenous good is 

produced. The output produced by farmer i in village v depends on the amount of an exogenously 

determined harvest A and the realisation of a random multiplicative production shock. 

yl = \ ( i + e i ) ( i + ev) (2.i) 

Output shock is the product of two independent random variables capturing a farmer-level Q{ and 

a village-level 6V components. The farmer does not know how much of the shock is specific to him 

and how much is common to others in his village. For simplicity, I assume that the village-level 

shock can only take two values 8V £ {—e,+e} with 0 < e < 1. I refer to these realizations as 

"the state of nature", and assume that these common shocks are independent between villages. 

I refer to the state of nature where yield production is low as the "bad" state, or state B , and to 

the other one as the "good" state or state G. Farmers' prior on the realization of the good state 

of nature 9V = e is equal to p. The distribution of farmer-level shock has probability density / ( . ) . 

I assume that, at the individual level, a higher production is more likely in the G state. Formally, 

4 The main results easily extend to situations where the two village-level shocks are not perfectly positively 
correlated. 
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farmers from the village with the lower price may gain by switching to the other village, where 

the market price is higher. The objective of this subsection is to study the determinants of the 

decision to switch. In particular, I establish that a Bayes-Nash equilibrium with price dispersion 

exists. The timing of events in the economy occurs according to the following sequence. 

• Nature chooses the state for each market; 

• Each farmer learns his/her level of production y; 

• Observing his/her own production y, each farmer updates his/her assessment of the state 

of his/her local market; 

• Those who choose to switch then leave his/her local market to sell in the other market. 

Consider a typical farmer with production yj in village v. Denote as n,; his expected profit if 

he sells locally and as n _ „ if he decides to switch to the other market: 

U v ( y i ) = (E{Pv\yi})yi (2.5) 

U-V(yi) = (E[P_v)-T)yi-K (2.6) 

where E \Pv\yi] = p(yi)Pv(l) + [1 - p(yi)] PV(Q) and E [P_u] = p P - v ( \ ) + (1 - p) P_„(0) with 

the market price in village v is denoted by P v (1) when 9V = e and P v (0) when 9V = —e. 

Next, define A n (yi) = n_„ (yi) — n „ (yj) as the net gain from switching: 

A n ( y i ) = [ A P - r ] y i - / c (2.7) 

where A P = E [P-v] — E [Pv\yi] denotes the expected price premium from switching. A farmer 

in village v who is indifferent between selling locally or switching to the other market has a level 

of production y* such that: 

A n ( y * ) = 0 (2.8) 

P r o p o s i t i o n 1. When each farmer only observes his own production, there exists a Bayes-Nash 
dy* dy* . 

equilibrium characterized by a threshold level of production y*(r,n) with —— > 0 and — - > 0 
where 



1. Farmers with a level of production greater than y* switch to the other market while those 

with production lower than y* sell locally. 

2. A rise in price dispersion across markets increases spatial arbitrage opportunities. 

3. There are thresholds r* and K* such that when r > r* or K > K,*, all farmers always sell in 

their local market. 

The proof is given in the Appendix. This result provides the counterpart of Theorem I in 

Jensen (2007). Two effects influence a farmer's arbitrage: 

(i) An information effect: a farmer only switches if the expected price premium A P covers 

the transportation costs r . Thus, only farmers who think that their local market is in a G state 

(and with a lower price) with high probability are likely to switch. 

(ii) An income effect: a farmer only switches if the next expected gain yj(AP — r) covers the 

fixed cost K. 

Here, information and income effects move in the same direction. A farmer with higher 

production is more likely to think that there will be a supply glut in the local market and he 

also has greater financial ability to sell in distant markets. So only farmers with large enough 

production may switch to the other market. In addition, a rise in P - v or a decrease in P v clearly 

provides an increased incentive to switch, while an increase in either transaction costs reduces 

these incentives. 

I assume in what follows that transaction costs are relatively high and that T > r*. Thus, all 

trade is local prior to mobile phone diffusion. At equilibrium, aggregate demand is then equal to 

aggregate production in each market. Given a village-level shock 9V, the equalization of demand 

(2.4) to supply (2.3) determines market price PV(9V) : 

q(Pv) = QV(9V) (2.9) 

Since in a B state, the aggregate production is lower than in a G state, the market price is higher 

Pv(0)>Pv( l ) . 



2.3 . M a r k e t Equ i l ib r ium wi th Mobi le P h o n e s 

I now look at how the introduction of mobile phones affects farmers' behavior and market equilib-

rium. Mobile phones allow farmers to learn prices in distant markets and thereby avoid unprof-

itable switching.7 In contrast, farmers without phones always sell locally, as in the benchmark 

case. I assume in this section that mobile phone penetration rates are set exogenously, and show 

in section 6 that all results are robust to endogenizing them. Specifically, I assume that in village 

v mobile phones are available within a circle of radius Tv < Rv around the market. All farmers 

located within the coverage zone have a mobile phone. So the spatial coverage rate tv also repre-

sents the phone penetration rate in village v, and is given by t v = ( j £ J . The timing of events 

in the economy occurs as follows. 

• Nature chooses the state for each market; 

• Each farmer learns his/her level of production y; 

• Observing his/her own production y, mobile phone holders do calls to check market prices 

while farmers without phones update their assessment of the state of their local market; 

• Those who choose to switch then leave his/her local market to sell in the other market. 

When both markets are in the same state, any arbitrage is unprofitable due to transaction 

costs, and all farmers sell in their local market. When markets are in opposite states, some 

informed farmers sell in the market offering the highest price, while uninformed farmers always 

sell locally. To illustrate, consider a typical farmer with production y located in market v. 

Without loss of generality, suppose that market v is in a G state while the other market is in a 

In practice, mobile phones allow farmers to check market prices. For example, fishermen in India call the 
landing centers to learn where to find the highest prices for their catch, and subsequently land there (Jensen, 2007; 
Abraham, 2007). In Niger, traders use mobile phones to check price information over a larger number of markets 
(Aker, 2008). In Kenya, mobile phones enable farmers to access market information, which includes the prices of 
commodities in different markets, commodity offers to sell and bids to buy, as well as short extension messages. 
Through the offers and bids function, farmers are able to advertise their stocks (offers) for sale or their demands 
(bids) for farm inputs such as fertilizers and improved seeds (Mukhebi, 2004). In Senegal, farmers in the field can 
use their mobile phones to check prices before they set off, finding out where they will get the best offer for their 
produce (BBC, 2002). In Bangladesh's Narshingdi, an isolated district, villagers who grow crops or raise livestock 
can use their village cell phone to speak directly to wholesalers and are able to get better prices for their goods in 
the marketplace (Ahmed, 2000). In Cote d'Ivoire, coffee growers share mobile phones to follow hourly changes in 
coffee prices in order to sell at the most profitable time (Lopez, 2000). 



B state, and write P v (1,0) and P_„(1,0) to denote local and distant prices in this configuration 

(with similar notations for other shocks). 

An informed farmer gains to switch if [P_„ (1,0) — r] yj — K > P v (1,0) yj. He is then indifferent 

between selling locally or switching to the other market when his level of production is equal to: 

V*m = P _ „ ( l , 0 ) - P „ ( l , 0 ) - r " ( 2 - 1 0 ) 

At equilibrium, an informed farmer with a level of production higher than y^ switches to the 

other market, otherwise he/she sells locally. This is due to the income effect described above. 

Note that even when a farmer knows prices in both markets, arbitrage is not always profitable 

because of transaction costs. Clearly, a rise in transaction costs reduces the opportunity for 

arbitrage. Furthermore, a rise in the other market price P_t,(l ,0) or a decrease in local market 

price P„(1,0) gives more incentive to switch. 

In market v, the aggregate market supply S v equals the aggregate production Q v minus the 

quantity A from informed farmers who switch to the other market: 

SV = Q V - A (2.11) 

And in the other market, the aggregate supply S - v is the sum of the quantity Q - v supplied by 

local farmers and of the amount A supplied by those who switch from market v. 

5_„ = Q_„ + A (2.12) 

where A = IT (Tv) / > , yf(9)d9. Equations (2.11) and (2.12) define two equations in two un-

knowns: P v and P_„. An equilibrium is a pair of prices which simultaneously clears both markets, 

accounting for the arbitrage of informed farmers. 

I can now characterize the market equilibrium and present the main result of the paper. 

T h e o r e m 2 . 1 . For any phone penetration rates (to, ti) and states of nature (0n, 9\), there exists 

a unique competitive equilibrium. Only farmers with a mobile phone and with large enough 

production may switch markets. This competitive equilibrium satisfies the following comparative \ 

r- f r . d P " ^ n r-\ d P ~ v s n r - , d P " d P " / n A /• ^ d P - d P - " ^ n statics: (i) — > 0, (n) — — < 0 , (w) - — , — _ < 0, and (iv) — — , — — > 0.. 
O t v O t v OT OK OT OK 



The proof is given in the Appendix. 

A change in phone penetration rates has clear effects on trade patterns. A rise in mobile 

coverage in one village increases the number of local farmers who are able to pursue the highest 

price. Thus more goods move to where they are valued most, lowering the price in the destination 

market and increasing the price in the source market. In contrast, an increase in transaction costs 

reduces the effectiveness of information flows and partly cancels out the impact of mobile phones. 

Transaction costs reduce arbitrage, and hence decrease the price in the source market and increase 

the price in the destination market. 

Information improvement thus decreases the dispersion in prices across markets. In fact, we 

can be a bit more precise on this impact. Consider the variances in the distribution of equilibrium 

prices both within market v, var(Pv) , and across markets, var (P_ v — P v ) . Then, 

Coro l la ry 1. A rise in mobile phone coverage, or a reduction in transaction costs, reduces the 

variance of equilibrium prices both within and across markets. 

2.4. W h o Gains F r o m Mobi le P h o n e Access? 

In this section, I explore the source of differential gains from spatial arbitrage among farmers. For 

those who have them, mobile phones increase opportunities for arbitrage. And more arbitrage 

increases market efficiency. Does everyone profit equally? And how does phone diffusion affect 

existing patterns of inequality? 

2 .4 .1 . Mobi le P h o n e s a n d Informat ion Ex te rna l i t i e s 

I first focus on the effects of mobile phones on market prices. From the previous analysis, we 

know that uninformed farmers (those without mobile phone) receive on average a lower price 

than informed ones (those with a mobile phone). Still, mobile phone access creates a positive 

intra-village externality whereby all producers selling locally receive a higher price. In contrast, 

the influx of informed farmers in the other market exerts a negative externality on farmers located 

there. To summarize: 

Coro l la ry 2. (i) Intra-market externality: An expansion of mobile phone coverage in a market 

always raises the average price received by uninformed farmers located at this market. 
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(ii) Inter-market externality: An expansion of mobile phone coverage in a market always 

decreases the average price received by farmers (with or without phone) in the other market. 

Therefore, an expansion of phone coverage can have strongly asymmetric effects: Uninformed 

farmers in villages with better access gain while all farmers outside of these villages lose. In 

addition, the impact on phone users in the village where coverage expands is ambiguous. The 

diffusion of information technology has a self-defeating aspect: As more farmers get a phone, 

arbitrage increases, and this lowers the benefits from being better informed. An improvement in 

technology can thus yield losers as well winners. This depicts a richer, and more complicated, 

picture than what basic technological optimism would entail, and justifies a deeper examination 

of these distributional consequences. 

2.4.2. Redistributional Effects of Mobile Phone Spread 

I next look at the expected profits among farmers within a market, across markets, and for the 

whole economy. Conditional on a level of production y, denote by n^(y) (resp. n v (y |m)) the 

expected profit of a farmer in village v without (resp. with) a mobile phone. We have: 

nv(y) = y. (2.13) 
p(y)(l - p)Pv (1,0) + (1 - p (y ) ) P P v (0,1) + p(y) P P v (1,1) 

+ ( 1 - p ( y ) ) ( I - p ) P v (0,0) 

Tlv(y\m) Uv(y) if y < y*m, and (2.14) 

n„(y |m) = p ( y ) ( l - p ) ( [ p _ v ( 1 , 0 ) - T ) y - K ) + 

= + [(1 - My)) pPv (0,1) + p(y)PPv (1,1) + (1 - p(y)) (1 - p)Pv (0,0)] y if y Sftfô) 

Next, define A n v (y\m) as the net expected gain of having a mobile phone for farmers with 

production y in village v. When y > y^, we have: 

A n „ (y|m) = p(y)(l - p) ([P_„(1,0) - P„( l , 0) - r] y - AC) . (2.16) 

DP 
Consider uninformed farmers, or informed farmers with low production. Note that ——(\, 0) > 

otv 
dP v 0 when village v is in the G state while the other village is in the B state, while — - = 0 in 
otv 

all other configurations. Since the expected benefits of uninformed farmers is given by (2.13), 

11 



CJ\T~\ O p 

we see that -r—- = p ( l — p)y- s -^( l ,0) > 0. This represents the precise gains from the posi-
ez,, otv 

tive intra-market externality. In contrast, informed farmers with high production lose from an 

increase in own-village penetration rate. If y > y^, —— = /z(l — p)y ~ u ( l , 0 ) < 0. In 
otv otv 

addition, d y ^ / d t v > 0: Since benefits to sell to the other markets decrease, the threshold level 

of production above which such switching is optimal increases and less farmers end up switching. 

In summary: 

Proposition 2. 

( i ) ^ g ^ < 0 i f y > y * m , d J ^ > 0 i f y < y * m l
d ^ > 0 , 

an-„(_|m) an_„(.) " 
(M) dtv * ° ' ^ r T - ^ 0 ; a n d 

( m ) at; - °' — b % — = 0 

This Proposition provides formal results capturing the various intra and inter market exter-

nalities at work. An increase in phone penetration in a village leads to a decrease in the expected 

profit of potential switchers but to an increase in the profit of non-switchers (both informed and 

uninformed) (i). This clearly reduces the difference in profit between informed and uninformed 

(iii). Both informed and uninformed farmers in the other village lose (ii), and in addition they 

lose equally (iii). This is simply because their loss occurs in configurations where they trade 

within their village. 

This result is also helpful to understand the effects on expected profits ex-ante, before pro-

duction shocks are realized. Clearly, local farmers without phones benefit while non-local farmers 

lose in terms of ex-ante expected profit. In contrast, the impact on local farmers with phone is 

ambiguous. We can see that: 

dEU v 

-oxT = p { l - p ) 
d P J l , Q ) n , . , d P J l , 0 ) n , 

ftj Pr(y < y*m) + ^ ' > Pr(y > y*m) 

so farmers with phones lose, from an ex-ante point of view, if —jg ' ' Pr(y < y^,) < ^ ' ' Pr(y > 

y^) and configurations where they switch dominate those where they stay. In any case, observe 

that the difference in ex-ante expected profits between farmers with and without phones decreases 

following an increase in phone penetration. So as phone diffusion expands, ex-ante inequality de-

12 



creases. 

We may also be interested in inequality patterns emerging for a given level of phone coverage. 

In particular, observe that idiosyncratic production shocks generate some natural interim-level 

inequality in this context, since farmers who produce more, ceteris paribus, make more profit. 

How do phones affect this inequality? 

P ropos i t ion 3. In a village, ify\ > y2, then Tlv(yi\m) - Uv(y2\m) > Ilv(yi) - n„(y2) 

Proof: I distinguish three cases, (i) if y2 > y^, both of y\ and y2 switch and the result 

follows immediately by noting that All (y|m) is increasing in y. (ii) If yi > y*n > y2, then 

^v(V2\m) = n„(y2) and the propostion reduces to Ylv(yi\m) > Tlv(yi) which is always true.And 

(iii) If y*m > y\ > y<i, then Tlv(yi\m) = n„(yi) and Uv(y2\m) = n„(y2), the inequality is trivial.B 

This result shows that, within a village, mobile phones tend to amplify the inequality related 

to production. Because of transaction costs, farmers with a low level of production cannot reap 

the informational benefits derived from the new technology. So, farmers with a larger production 

earn relatively more with a phone than without it. 

2.4.3. Mobi le P h o n e Expans ion a n d Welfare Effects 

Previous results delineate the welfare gains and losses from various groups of producers in the 

economy. Typically, consumers in one market gain when producers lose and vice versa, but the 

effects of reduced price variability may be quite subtle. In any case, the net welfare gain for each 

village and for the economy as a whole will depend on the shape of the demand curve, on supply 

parameters, and on phone penetration rates. I illustrate these welfare impacts through numerical 

analysis in section 2.5. 

2.5. Numer ica l E x a m p l e 

In this section I present the results of numerical simulations of the model economy. To do so, I 

assume that 9i follows a Pareto distribution, with density f(9i) = J 3 , 9i 6 [l,0] , A = 1, and 

e = 0.5. The individual demand function is linear q(p) = a — bp. Transaction costs are set such 

that no switching occurs prior to mobile phone diffusion. Concretely, I compute the values of T* 

and K* appearing in Theorem I I . 1 and set T = r* and K = K*. The parameters of the model are 

13 



given in Table 2.1. 

Table 2.1 : Parameters of the model 

9 T* K* P a b 

10 0.099 1.85 .5 4 2 

I assume that mobile phone service is introduced gradually in the villages rather than all at once. 

2 .5 .1 . Effects on M a r k e t P e r f o r m a n c e 

I consider here markets of equal sizes, (Ro = Ri) , and I investigate the effects of mobile phone 

coverage expansion on market performance. I look first at the effect of a uniform expansion of 

phone coverage, when to = t\. Figure (2.1a) and (2.16) shows how the variance in prices within 

and between markets is affected by mobile phone expansion for two transportation cost values 

( n = T* and T2 = 2r*). Mobile phone expansion reduces price dispersion, both within and across 

markets. In contrast, a rise in the transportation cost leads to larger price dispersion. 

Next, I look at the impact of mobile phone expansion on price levels (Figure (2.1c) and 

(2.Id)). Figure (2.1c) shows the case when market 0 is in state G (the price is Po(l)0)) while 

market 1 in state B (the price is P i ( l ,0 ) ) . Prior to mobile phone diffusion, the max-min spread 

across the markets is quite large. When phones are introduced, this price spread declines ( Figure 

(2.1c)). The reduction in price differential is stronger when phone availability is larger. To further 

illustrate this effect, I also look at asymmetric diffusion of the technology. I fix the mobile phone 

coverage in one village (t\ = 0.65) and let it vary in the other village. Figure (2.1d) depicts how 

average prices are affected. Simulation results confirm that mobile phone diffusion leads to a 

substantial reduction in the average spread in market prices. 

14 



�5� /5C<5@79 "@EC5 &5C=9E 

��P
P 

 - � � E � 

1� � L 

�� 
�6�/5C<5@79 "@E9C &5C=9ED 

�� 

GL 
�� 3R � 3 3 

��� �� E � E �� �� 
A � 

�7� &5C=9E )C<79 <@  � ,E5E9 

U 

� 
��� ��� 

#CAOL? ���� "@@?=NM IH *;LE?N "@@C=C?H=S 

������ *I<CF? -BIH? !C@@OMCIH ;H> &H?KO;FCNS 

& HIQ ?R;GCH? BIQ GI<CF? JBIH? >C@@OMCIH ;@@?=NM CH?KO;FCNS ;GIHA JLI>O=?LM� & =IHMC>?L ; 

MO@@C=C?HNFS BCAB F?P?F I@ JLI>O=NCIH S ;H> G?;MOL? CH?KO;FCNS IH NB? <;MCM I@ ?RJ?=N?> A;CHM 

=IH>CNCIH;F IH S
 ;M >CM=OMM?> CH M?=NCIH ��� & MNO>S @CLMN NB? ?@@?=N I@ OHC@ILG >C@@OMCIH <?NQ??H 

G;LE?NM� #CAOL? ����;� ;H> #CAOL? ������ MBIQ NB;N NB? >C@@?L?H=? CH ?RJ?=N?> JLI@CN <?NQ??H 

NBIM? QBI B;P? ; GI<CF? JBIH? �HP�SVG�� ;H> NBIM? QBI >IH�N B;P? ; GI<CF? JBIH? �Hc�S�� CM 

MNLIHA?L CH NB? CHCNC;F MN;A? I@ JBIH? >C@@OMCIH� 1BCM >C@@?L?H=? >?=L?;M?M QB?H =IP?L;A? CH=L?;M?M� 

&H J;LNC=OF;L
 S CM MO=B NB;N JBIH? OM?LM ;FQ;SM Q;HN NI MQCN=B QB?H NB?CL PCFF;A? CM CH MN;N? $ QBCF? NB? INB?L 
PCFF;A? CM CH MN;N? �� 

�� 



(a) Farmers with Phone 

ti 
& 1 44 

ng(y|m), n/ylm) | 

0 2 0 4 . . , 0 6 0 8 1 
0 1 

lb) Farmers without Phone  

1 48 

. 1.47 ? 
ï 
| 1.45 

» 1.44 

1 43 
U 

0 12 

| 0.119 
a. 
| 0 118 

I 
£ 0.117 

0.116 

(c) Farmers with Phone 

n0(»|m) ^(ylm) 

02 08 04 0.6 

(d) Farmers without Phone 
nQ(y) n^y) 

^ ^ 

°W-*' 
Figure 2.2: Effects on Inequality 

Next, consider asymmetric diffusion. I fix again the mobile phone coverage in one village 

(t\ = 0.65) and let it vary in the other village. Figure (2.26) and Figure (2.2d) show how the 

expected profits are affected. We see the intra- and inter- market externalities at work. Producers 

without phones in market 0 benefit. In contrast, producers with a phone in market 0 as well as 

all producers in market 1 are penalized. These effects are stronger when the original difference 

in penetration rates is higher. 

2.5.3. Welfare Effects 

To study the welfare effects of mobile phone diffusion, I look at changes in producer, consumer, 

and overall surplus. I consider increases in phone penetration in market 0 under three scenarios: 

uniform diffusion across markets (plain line), a fixed penetration rate in market 1 set at 0.65 

(long-dashed line) or 0.25 (short-dashed line). Simulation results suggest that mobile phone 

spread is essentially beneficial for producers but detrimental to consumers (Figure (2.3a) and 

(2.36)). Note that, besides effects on average prices, consumers may actually lose from reduced 

price variability. Since they cannot engage in intertemporal substitution here, they may prefer 

more variable prices.9 The net welfare gains are positive for the whole economy, and with an 

9Under linear supply and demand, Massel (1969) argued early on that when the stochastic variation in prices 
originates from the supply side of the market, consumers lose and producers gain when the price is stabilized at 
its arithmetic mean. Under risk aversion, Turnovsky et al. (1980) show that the consumers' preference for price 
variability depends upon four parameters: the income elasticity of demand, the price elasticity of demand, the 
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inverted i7-shape (Figure (2.3c)). In the initial stages of phone diffusion, the level of arbitrage 

between markets is still relatively low, and hence producers' gains dominate consumers' losses. 

Above some threshold level of phone coverage, however, the net welfare gain curve (which is 

always positive) starts to be flat. 

(a) Producer Surplus (b) Consumer Surplus 

(c) Net Welfare 

Figure 2.3: Welfare Effects 

2.5.4. Exp lo r ing Mobi l e P h o n e Effects w i t h U n e q u a l M a r k e t Sizes 

Finally, I look at the effects of mobile phone diffusion when market sizes are not equal. To do so, 

I assume that market 1 is twice as large as market 0. That is, ( f )* = 0.5. Figures (2..4a) and 

(2.46) show that a uniform diffusion of mobile phone across markets now has asymmetric effects: 

Average price increases in market 1 while it decreases in market 0 (Figure (2.4a)). This suggests 

that uniform diffusion benefits farmers in the larger market at the expense of those in the smaller 

market. This applies to both farmers with and without a phone. I fix again t\ = 0.65 and let it 

vary in the smaller village. Average price now increases in market 0 while it decreases in market 

1 (Figure (2.46)) 

share of the budget spent on the commodity, and the coefficient of relative risk aversion. In particular, when 
uncompensated demand is downward sloping, consumers lose from price stabilization. 
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Figure 2.4: Price Effects under Unequal Market Sizes 

Figure (2.5a) shows that the expected benefits Hn(y|m) and ni(y |m) of farmers with a phone 

are decreasing in mobile phone penetration rate under uniform diffusion across markets (to — t \ ) . 

The difference in expected profit between those in market 0 (Ho(y|m)) and those in market 1 

(ni(y |m)) is stronger when coverage increases. Indeed, when the markets are in opposite states, 

ceteris paribus, there is more switching from market 1. Thus, the negative inter-market externality 

exerted by the larger market is stronger than the externality exerted by the smaller market. In 

contrast, Figure (2.56) shows that the positive intra-market externality is stronger in the smaller 

market. The expected benefit Hn(y) and Hi(y) of famers without a phone are increasing in the 

phone penetration rate. And the difference in expected benefit between those in the smaller 

and in the larger market also increases with coverage. Next, consider asymmetric diffusion of 

mobile phones across markets. Figure (2.5c) and Figure (2.5rf) illustrate the various externalities: 

uninformed farmers in the smaller market gain while all other types of farmers lose from the 

increased coverage. 
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it. A rise in mobile phone cost increases the threshold level above which buying mobile phone is 

profitable. Among the farmers in the coverage zone, only those with high production will decide 

to buy a phone. Farmers with low production optimally choose not to get the new technology, 

since they correctly anticipate that they will not benefit from it anyway. Thus, the mass of 

adopters is now equal to i u P r (y > y m ) . This mass clearly decreases when phone cost increases. 

In contrast, an exogenous increase in coverage may have ambiguous effects; since it also increase 

the threshold level of production above which adoption is profitable. 

Then, markets start to operate and farmers with phone learn prices. Observe that for given 

prices, the threshold level of production above which switching is profitable, y^, is always lower 

than or equal to the adoption threshold, ym. This is simply because when adoption decisions are 

taken prices are still unknown and adoption is profitable only when it may lead to switching. So 

all phone adopters sell to the other market when their village is in state G while the other village 

is in state B . The amount of good A supplied by those who switch from market v is given by: 

7r(Rv)2tv I yf(6)d9 (2.19) 
./u>57„ 

A 
!y>Vi 

A satisfies the following properties. 

„ ,.» 0Â n ,.., dA n .....dA „ ,. . ÔÂ „ L e m m a 2. ( l ) — < 0;(n) — > 0; ( m ) - > 0 H - < 0. 

For a given penetration rates and mobile phone's cost, a rise in market price in market v 

reduces the amount of arbitrage because it increases the threshold level of production above 

which adoption is profitable. A rise in market price in the other market increases the amount 

of arbitrage from market v since it reduces this threshold level. And given market prices, an 

exogenous increase in mobile phone coverage increases the amount of arbitrage while an increase 

in phone costs reduces it. 

An increase in phone coverage in village v now has two effects. As before, it tends to increase 

the amount of arbitrage, and hence to increase the price in market v and to decrease the price 

in the other market. However, the decrease in the other market's price makes it less profitable 

to buy a phone. This increases the threshold level of production above which buying a phone 

is optimal, and then reduces the positive intra-market externality. I show in Appendix that the 

indirect effect is dominated by the direct effect if the following condition is satisfied. Denote by 
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y = sup {y} and by rp = max /(#j). 

A s s u m p t i o n 1. -D '_ V (P- V ) > T T ( P „ ) 2 ^ . 

This condition says that the slope of the demand function must be sufficiently high. I can 

now establish the counterpart of Theorem III.l . 

T h e o r e m 2.2. For any phone penetration rates (to, t\) and states of nature (f9n, 9\), there exists 

a unique competitive equilibrium. Only farmers with large enough production may buy a mobile 

phone and switch markets. This competitive equilibrium satisfies the following comparative 
d P - d P d P -

statics: ; (i)—-:—- < 0, (ii) -—-̂  < 0, and (iii) > 0. In addition , if Assumption 1 is satiûed, 
d t v dip dip 

BP 
then (iv) T A > 0 . 1 ' d t v 

The complete proof is given in appendix. Clearly, when properties (i) and (iv) hold, the 

previous analysis on price dispersion and externalities extends. In addition, properties (ii) and 

(iii) directly yield the following result. 

Coro l la ry 3. A reduction in mobile phone cost ip reduces price dispersion within and between 

the markets. 

A decrease in phone cost increases the opportunity for arbitrage and reduces price dispersion, 

due to a more efficient allocation of goods across markets. More goods move to where they are 

more valued in the margin. 

2.7. Concluding Remarks 

In this paper, I develop of model of spatial arbitrage between neighboring marketplaces to provide 

a unifying theoretical analysis of the positive and negative impacts of phone diffusion. Our 

motivation was the surging great optimism in the growing literature on mobile phone effects on 

development that state their potential positive impacts on market functioning and welfare. 

Building on Jensen (2007), I focus on asymmetric phone diffusion. I clarify the key informa-

tional externalities at work and study the impact of phone diffusion on welfare and inequality. 

Our results show that phone adoption has strong distributional implications, and that many 

producers may actually lose from an expansion in phone diffusion. This is because of three dif-

ferent externalities effects. First a negative intermarket externality on producers in the other 
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markets lowers their payoffs. Second, a positive intramarket externality on uninformed producers 

indirectly helps uninformed producers which increases their payoffs. And a negative intramarket 

externality on informed producers: Informational rents naturally tend to decrease when the in-

formation technology becomes more common, so informed producers lose from a further increase 

in phone adoption. Our results confirm also that existing results on price dispersion and market 

functioning improvement are robust to asymmetric diffusion of mobile phone. 

2.8. A p p e n d i x 

In this section, we provide the proofs for the paper's main results. 

2 .8 .1 . P r o o f of P ropos i t i on 1 

I only give the proof for the existence of y*. Denote by \y_,y] the support of y. Sufficient conditions 

for the equation An(y*) = 0 to admit a unique solution y* € [y,y] are: (i) An(y) has strictly 

monotonie variations in [y, y], and (ii) 0 £ [5, -5], where 5 = A n (y) and 6 = A n (y). 

Differentiating An(.) with respect to y yields AH/(y) = A P - r + yp'(y) [P_„(0) - Pv{\)}-

Denote that yp'(y) [P-V(ty — Pu(l)] > 0, since p(y) is increasing with y. Furthermore, we have 

A P — T > E [P-v] — P V ( 1 ) — T > =, implying that the function An(y) is indeed strictly monoton-

ically increasing in [y,y]. 

Second, note that p(y) = 0 and p(y) — 1. So we have 

5 = y (E [P__] - Pv(0) - T ) - K < 0 , a n d 6 = y ( E [P_„] - P„(l) - T) - K > 0 

Clearly, 0 G [(5,(5] and hence the result. 

2.8.2. P r o o f of T h e o r e m 2.1 

When tv = 0 or both markets are in the same state, there is no arbitrage and the theorem is 

valid. Suppose that markets are in opposite states and tv > 0 at least for one market. Without 

loss of generality, assume that market v is in state G. The proof of Theorem III.l . then involves 

two claims: 

Introduce e v ( P v , P - v , t v ,T, K) = Q v — A(P v ,P - v , t v ,T ,K) — DV(PV) the excess demand in 

22 



market v. The competitive equilibrium (PV,P_V) solves the equation: 

e v ( P v , P - v , t v , T , K ) = 0 (2.20) 

I begin with the characterization of market equilibrium price P v , the solution of (2.20) given 

market price P_„ and others parameters. Assume an interior solution and let it be described by 

a real-valued function z : E + �g 6-7
���
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and replacing in e^v. P - v is the solution of the equation: 

e - v (Pv ,P- v , t v ,T ,K) = 0 (2.22) 

Likewise, assume that price market equilibrium P_w also exists, and let it be defined by a real-

valued function P_„ : R2
+ -+ [P„(1),P„(0)] such that V ( P V , T , K ) G R3

+, P - v = P- v ( t v ,T ,K) . 

d P _ v C la im 2. The real-valued function P-v(-) exists and admits the following properties: ( i ) - ^ — < 0, 

( H ) ^ > 0 and (iii) ^ > 0 

P r o o f Sufficient conditions for system (2.22) to admit a unique solution P_„ = P-V( t v , r , K) G 

[PGIPB] a r e : (i) excess demand e_„(P_„) has strictly monotonie variations in [P_„(1),P_,;(0)] 

and (ii) 0 G [e_„,ë_„], where e_v = e_ v (P_„( l ) ) and ë_„ = e_„(P_^(0)). 

First, taking the derivative of e_„ in respect of P - v , we have - j ^ - — gp~dp_ + WZZ ~ 

DL v (P-v) . 

Note that using (2.12), we have 

" =-*(Tv)2y*m<P(y*rn)-
dP-v v " ' ^ K i , m ' ( P _ v - P v - r ) 2 

dz 
d P - v 

& - v ( P - v ) . 

where cp is the distribution function of y. Therefore, the function e_t,(P_„) is strictly monotoni-

cally increasing in [P_„(1) ,P_„(0)] . 

Furthermore, since z(P_„( l ) ) > P „ ( l ) and z (F- v (0) ) < P v (0) , then wehavey^(z(P_„( l ) ) , P_„( l ) ) = 

y and y ^ ( P _ „ ( 0 ) ) , P _ „ ( 0 ) ) < y, so i4 (z (F_(0) ) ,P_ w (0) ) > 0 and A(*(P_ W (1) ) , ?_ (1 ) ) = 0. 

Then we have 

e_v = Q_u + A ( z ( P _ „ ( l ) ) ) P _ „ ( l ) ) - Z ? _ „ ( P _ u ( l ) ) < 0 ; and 

?-« = Q-t, + A(*(P_„(O)),P_„(O)) - z?_„(p_„(o)) > o. 

Clearly, 0 G [£_„,?_„]. Hence the result. 

Furthermore, we have : « ^ = g d & ^ t o 4 > 0, ^ = M ( P . , y . , T . . - ) < Q> a n d ^ _ = 

dA(Pv,P-v , tv ,T,K) 

du. 

The implicit function theorem may then be applied to show properties (i)-(iii).H 
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dP-v d P -Cla im 3.Using the properties of Theorem ILL, it can be established that - Q — < 0, —s-~ > 0 
d P -and a~"" > 0. And using the results of Claim 1 and Claim 2, we have: 

dP v _ dz dP-y dz 
dtv dP-v dtv d t v 

d P - v Replacing d p , g p and -gr^ by their values, rearranging terms: 

apv 
dtv 

dA 
dtv 

.MA. _ n ' f p ) 
dPv

 u v \ r v ) 1 - D ' _ V ( P - V ) / 
dA 

dP-v 

> 0 

and 

dPy 
d r 

dP v 

dn 

dz dP-v dz_ > 

d P - v d r d r 

d P - v dK ck 

2.8.3 . P r o o f of L e m m a 1 

P r o o f 

Introduce 

T(y m ,P v ,P - v , iP ) = p(ym)(\ - p) ([P_„(l,0) - P„(l , 0) - T ] y m - K ) - i P (2.23) 

Taking the derivative of T, 

Tym = M'(ym)(l - P) ([P-„(1,0) - P„(1,0) - T ] y m - K ) + p(ym)( l - p) [P_„(1,0) - P„( l , 0) - ® 2 $ 

T^ = - 1 (2.25) 

rp„ = - p ( y m ) ( i - p ) y m < 0 (2.26) 

TP_V = p ( y m ) ( l - p ) y m > 0 (2.27) 

The implicit function theorem may be applied to show properties (i)-(iii).B 
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2.8.4. P r o o f of T h e o r e m 2.2 

The proof follows the proof of Theorem 2.1. I focus on the case when markets are in opposite 

states and tv > 0 at least for one market. Without loss of generality, assume that market v is in 

state G. Introduce the excess demand function: 

ev(Pv, P_„) = Q V - Â(Pv, P - v ) - Dv(Pv) 

Cla im 1. Given the market price P - v , the equation e v (P v ,P-v) — 0 admit an unique solution 

P v = h(P^v,tv , ip) which satisfies (i) 1 > g f ^ > 0. ( i i ) J^ > 0 (iii)fj < 0 

dev dA 
dPv dPv 

dev dA 
dP-v dP- v 

dev 

dtv 

dA 
dtv 

dev dA 
dip dip > 

- D'v(Pv) > 0 (2.28) 

< 0 (2.29) 

0 (2.30) 

0 (2.31) 

Using (2.29) and (2.28), rearranging terms, we have 

dt v dA 
dh SP_„ ap_„ 

d P - v fe _ 3 A 
d P v

 V[ V) 

Since D'V(PV) < 0 and — = - ^ — , we have A ^ < 1 . 
O r v Oi—v 

And the Implicit function theorem may be applied to show properties (i)-(iii) 

Next, introduce 
e_„(PA = Q_„ + A(Pv, P-v) - D_v(P~v) 

(2.32) 

Cla im 2. Given the market price ip, the equation e_u(P_„) = 0 admit an unique solution 

^ A < o and (ii) ^ O n f i P 

P-v — P-V(, tv, ip) . P-v admits the following properties: (i) - ^ - < 0 and (ii) aI~ > 0 
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Since -§p- = -gf_-, we have 

d e - y 

d P - v 

d e - v 

dtv 

d e - v 

dip 

dA 
d P - v 

dtv 

dA~ n 
C ^ < 0 

dh 
dPTv 

D'_v(P-v) > 0 (2.33) 

(2.34) 

(2.35) 

By the application of the implicit function theorem, we have 

d P - v 
d e - v 
dtv 

dtv de-v 
d P - v 

dP- v 
d e - v 
dip 

dip d t - v 

d P - v 

dP -v 

< 0 

> 0 

(2.36) 

(2.37) 

dA 
dt v 

dty AL fi_ 
dP-v { 

dFTv ) ~ D ' - v ( p -
< 0 

Cla im 3. Assume that the demand function satisfies the assumprion 1, then (i) gr^ > 0 and 

(") ^ < 0. 

Since P v = h (P- v , t v , i p ) , we have 

dP v 

dty 
dPy 
dip 

dh dP-y dh 
dP-v dty dty 

dh dP-y dh 
dP-v dip dip 

Using (2.32), (2.28), (2.29), (2.30) and (2.32), rearranging terms: 

d P v 
dA_ dP-v , dA 

d P - v dtv ^ dt v 

9 t v W-v+D'y(Pv) 

Using (2.36), (2.33) and (2.34), rearranging terms: 

(2.38) 

dA dP-y dA 
dP-y dty dty 

_ d l 
dty 

1 -
dÀ 

dP-v 
dty 

1 -
dA 

dP-v dA dP-y dA 
dP-y dty dty 

_ d l 
dty 

1 -
dÂ 

dP-v ( » -
dh \ 

d P - v ) -D>_ V (P_ V ) dty 
1 -

-DLy(P-y) 
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Using Lemma 1 and (2.17), it can be shown that 

) m r y m 

dP-y « 

Introduce (p — maxf(9i).Since gf_- = —TT (il^) tyymrp^m)-^2- ,we have 

«* s.tKj.j»: 
<9P_U K 

So under Assumption 1, we have —D'_v(P-y) > gp^-, and ^ * > 0. 
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3. Essay 2: Mobile Phones and Political Evolution in Africa 

3.1. Introduction 

New communication technologies, such as cell phones and the internet, have had a visible 

impact on political events in many countries in recent years. The recent revolutions in Tunisia 

and Egypt provide rather dramatic illustrations of the role played by new technologies in mo-

bilising and coordinating protesters, see Zuckerman (2011) and Nye (2011). Less dramatic, 

but perhaps as important, cell phones have helped achieve greater transparency in elections 

in several African countries, such as Zambia in 2001, Kenya in 2002 and 2007, Senegal in 

2006 and Sierra Leone in 2007, see Steere (2008), SIDA (2009) and Heacock (2009). Are 

these stories merely anecdotical, or do they point to deeper mechanisms at work? 

In this paper, we provide the first systematic exploration of the effect of communication 

technologies on political and institutional evolution. We focus on the past twenty years in 

Africa, a place and time which have seen large changes in both dimensions. In particular, the 

diffusion of cell phones has been widespread and unprecedented and has had clear economic 

and social impacts. In parallel, the political and institutional situation of many African coun-

tries has been very much in flux throughout the period. Thus, the introduction of cell phones 

constitutes a kind of massive shock to African societies in a period with large fluctuations 

in political and institutional situations. The scale of the shock, and the many signs of its 

consequences, raises some hope for an econometric investigation of its impact despite the 

relatively short time scale involved. 

Figures 3.1 and 3.2 give a first sense of the correlation patterns. It depicts how the average 

phone adoption rate is related to the average level of institutional quality for the different 

African countries. Panel A indicates a clear positive correlation between phone adoption 

and civil liberties while Panel B shows an absence of a statistically significant correlation 

for political rights. Thus, countries with more phones also have more civil liberties but do 

not have more (or less) political rights. The rest of our analysis is devoted to a systematic 

11 In the same vein, the most famous one is the so called "The People Power II" revolution in the Phillipines 
in 2001(Rheingold, 2002, Castells et al., 2007), text messages instigated the large-scale demonstrations against 
President Joseph Estrada which eventually led to the resignation of the president (Rafael, 2003) 
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sented by the fitted line yields coefficient of .006722 (standard error = .0058724, t=1.14 ), N=47, and R2=0.0283) 

As it turns out, our empirical analysis indicates causal effects consistent with the basic 

correlation patterns. An increase in cell phone adoption in a country appears to lead to 

an expansion in the civil liberties of this country. The effect is quantitatively modest, but 

statistically significant and robust to the econometric formulation and instrumental strategy 

adopted. Thus, widespread adoption of cell phones in a country leads to an increase in the 

Civil Liberties index of about 0.6 to 1.3 points on a scale from 1 to 7. In contrast, cell phone 

adoption seems to have no impact on the level of political rights in a country at conventional 

levels of statistical significance. 

3.2. Data and Descriptive Statistics 

We study a panel data of 47 African countries over 19 years, from 1990 to 2008. Our key 

outcomes are well-known measures of institutional quality and political development at the 

country level. We focus in the main text on the two Freedom House indices: Civil Liber-

ties and Political Rights. The CL index aggregates answers to 15 questions grouped in 4 

categories pertaining to the freedom of expression, the freedom of association, the rule of 

law, and individual rights. The PR index aggregates answers to 10 questions grouped in 3 

categories: the electoral process, political pluralism and participation, and functioning of the 

government. Either score is a number between 1 and 7, that we rescale to lie between 0 

(least freedom, CL or PR score of 7) and 1 (most freedom, score of 1). In the Appendix, we 

replicate our estimations on the Polity IV index, also rescaled to lie between 0 and 1. 

Our key explanatory variable is the number of Cellular Phone Subscribers per 100 inhabi-

tants from the International Telecommunication Union database (ITU, 2009). It may include 

subscribers to analog and digital cellular systems. This database has been used by many other 

scholars in quantitative work on political economy of telecommunications (Andonova, 2009 

and Howard, 2010). One of the limitations with concentrating on the number of cell phones 

subscribers is that it does not tell us much about the number of cell phone users and how 

cell phone are actually used. Indeed, phone sharing is a common practice in Africa and cell 

phone subscribers may overestimate the number of cell phone users. 
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Other control variables are taken from the World Développement Indicators dataset. These 

include the per capita real gross domestic product in US dollars, the growth in GDP per 

capita, and the percentage of the population living in urban areas which is used to measure 

the level of urbanization of a country. 

Our dataset contains 47 countries. The sample period is 1990-2008. The list of countries 

in our sample appears in the Appendix. Table 3.1 shows descriptive statistics of the main 

variables. 

Base sample 1990-2008 

All countries Sub Saharan Africa North Africa 

Mean 

(1) 

Standard 
Deviation Observations Mean 

0,36 

0,49 

4.18 

(2) 

Standard 
Deviation 

0,29 

0,27 

10,01 

Observations 

795 

795 

751 

Mean 

(3) 

Standard 
Deviation Observations 

Panel A 
Freedom House measure of democracy 

PR (stands for "Political Rights ) 

CL (stands for "Civil Liberties) 

Mobile Phone per 100 inhabitants,., 

0,34 

0.47 

4,97 

0,29 

0.27 

11,99 

890 

890 

841 

Mean 

0,36 

0,49 

4.18 

(2) 

Standard 
Deviation 

0,29 

0,27 

10,01 

Observations 

795 

795 

751 

0,17 

0,31 

11,59 

0,13 

0,20 

21,52 

95 

95 

90 

Panel B 
Polity measure of democracy 0,49 0,28 875 0,51 0,29 780 0,27 0,12 95 

Table 3.1: Descriptive statisctics 

3.3. Econometric Model 

We adopt standard models and methods of dynamic panel data analysis. We estimate variants 

of the following equation: 

du = ctdft-l + IVit-l + At - iP + Si+ £it, (3.1) 

where du is the democracy index of country i at period t, yu- i is the lagged phone adoption 

rate in country i, other potential covariates are included in the vector x#_ i , and Oi represent 

country-specific fixed effects. Omitted and unobserved factors are captured in the error term 

Sit-

in a first step, we assume that lagged phone adoption is exogenous: E(eit\yit-i ,Xit-i . t ,6i) = 

0. We estimate equation (3.1) in four ways: Pooled OLS, Fixed effects OLS, Fixed effects 
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2SLS, and GMM. Pooled OLS neglects the country fixed effects and hence its estimates are 

biased and inconsistent as soon as E(6i\yit-i ,Xit-i , t) ^ 0. By design, the standard within 

estimator accounts for these fixed effects; however, as is well-known, the presence of the 

lagged endogenous variable du- \ on the right hand side implies that this within estimator 

is still biased and inconsistent (as N tends to oo), see Cameron & Trivedi (2005). We adopt 

two classic solutions to this problem. The Fixed Effects 2SLS is based on the methodology 

proposed by Anderson and Hsiao (1982) and the GMM is based on Arellano and Bond 

(1991) and Arellano and Bover (1995). Anderson and Hsiao (1982) propose to compute first-

time differences Ad^t = dij — d^t-i to eliminate country fixed effects 6i, and then to use 

Adi;t~2 = (di,t-2 — d i j s ) or simply di^-2 as instrument for Ad^t-i to obtain consistent 

estimates. Arellano and Bond (1991) suggest a generalized method of moments procedure, 

more efficient when the relevant assumptions hold than the 2SLS method. Their procedure 

is extended by Arellano and Bover (1995). 

In a second step, we consider the possibility that our main explanatory variable, lagged 

phone adoption , may be endogenous. We propose an original instrumental variable strategy 

to address this issue, described in detail below. We adapt the latter two methods to estimate 

an instrumented version of equation (3.1): Fixed effects 2SLS, and GMM. 

3.4. Main Results 

3.4.1. Fixed Effects Estimates 

Table 3.2^4 and 3.25 report our first series of results under the assumption that lagged phone 

adoption is exogenous. Observe first that, as expected, institutions seem to be very persistent. 

When looking at political rights, the lagged index has an effect on the current index ranging 

from 0.368 (2SLS) to 0.784 (pooled OLS) and always highly significant, see Table 3.2A 

In contrast, cell phone adoption seems to have no impact on the level of political rights 

in a country. Coefficients associated with phone adoption are not statistically significant at 
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conventional levels in all specifications. 

Base sample: 1990-2008 

(D (2) (3) (4 ) 
Fixed Effects Fixed Effects Arellano-Bond 

Pooled OLS OLS 2SLS GMM 

Democracy,., 0 .784"* 0 .690*" 0 368*** 0.703*" 
( 0.0243) ( 0.0297) ( 0.0370) ( 0.0687) 

Mobile Phone M -0,000249 -0,000166 0,000122 -0,000238 
( 0.0002) ( 0.0002) ( 0,000355) ( 0.000268) 

Constant 0.0833"* 
(0.0120) 

0 .115"* 
(0.0102) 

Sargan statistic 461,7 124,800 
p-value of Sargan statistic 0 0,842 
Arellano-Bond test for AR( 1 ) -3,371 
p-value AR1 0,001 
Arellano-Bond test for AR(2) 1,151 
p-value AR2 0,250 
Number of countries 47 47 47 47,00 

Observations 838 838 744 738 
R-squared 0,536 0,395 
Standard errors in parentheses 
*** Significant at the 1 percent level. 
** Significant at the 5 percent level. 
* Significant at the 10 percent level. 

Table 3.2A: Cell Phone and Political Rights (PR). 

Notes: Pooled cross-sectional OLS regression in column 1, with robust standard errors clustered by country in parenthe-

ses. Fixed effects OLS regressions in columns 2 with robust standard errors clustered by country in parentheses. Fixed 

effects 2SLS regressions in columns 3 with country with robust standard errors clustered by country in parentheses; 

GMM of Arellano-Bond in column 4 with robust standard errors. 

Institutional persistence emerges also clearly from our next set of regressions, explaining the 

extent of civil liberties. The effect of the lagged index is again statistically significant, and 

now ranges from 0.633 (2SLS) to 0.763 (pooled OLS). Importantly, results now show a clear 

positive correlation between phone adoption and civil liberties. The coefficients on phone 
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adoption are positive and highly significant at conventional levels in all specifications. 

Base sample: 1990-2008 

(D (2) (3 ) (4) 
Fixed Effects Fixed Effects Arellano-Bond 

Pooled OLS OLS 2SLS GMM 

Democracy,., 0.763*" 0.657"* 0.633*" 0.664*" 
( 0.0295) (0.0361) ( 0.0382 ) (0.0610) 

Mobile Phone,., 0.00040"* 000057*** 0.00065" 0.00104*" 
(0.000153) (0.000177) (0.00025) ( 0.000329) 

Constant 0.0973"* 
(0.0131) 

0.138*" 
(0.0139) 

Sargan statistic 439.9 162,80 
p-value of Sargan statistic 0 0,242 
Arellano-Bond test for AR(1) -4,160 
p-value AR1 0,000 
Arellano-Bond test for AR(2) 0,328 
p-value AR2 0,743 
Number of countries 47 47 47 47 

Observations 838 838 744 791 
R-squared 0,492 0.501 
Standard errors in parentheses 
*** Significant at the 1 percent level. 
" Significant at the 5 percent level. 
* Significant at the 10 percent level. 

Table 3.2B-Cell Phone and Civil Libertés (CL). 

Notes: Pooled cross-sectional OLS regression in column 1, with robust standard errors clustered by country in parenthe-

ses. Fixed effects OLS regressions in columns 2 with robust standard errors clustered by country in parentheses. Fixed 

effects 2SLS regressions in columns 3 with country with robust standard errors clustered by country in parentheses; 

GMM of Arellano-Bond in column 4 with robust standard errors. 

In our preferred regressions (2SLS and GMM), the effect of cell phones per 100 inhabitants on 

civil liberties varies between 0.00065 and 0.00104. Thus, widespread adoption of cell phones 

in a country is associated with an increase in civil liberties of 6.5% — 10.4%. 

3.4.2. Instrumental Variable Estimates 

Lagged phone adoption could well be endogenous, for instance in the presence of time-varying 

unobserved factors facilitating both political evolution and phone adoption. To address this 

issue, we propose an interesting instrumental variable: the average level of lagged phone 

adoption in countries who have many migrants from the home country, but which are not 
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geographic neighbors. In essence, looking at past phone adoption in countries with many 

migrants yields a strong effect in the first stage and excluding countries that are geographic 

neighbors helps guaranteeing that the exclusion restriction is satisfied. 

Precisely, we build this new variable as follows. We first use the updated dataset on migration 

stocks initially from Ratha and Shaw (2007) to construct bilateral weights.12 From this 

data, we first identify for each country in our database the set of "far-away" destination 

countries of their migrants, that is, countries which do not share a common border.13 We 

then compute the weighted average of mobile phone subscribers per 100 inhabitants in far-

away destination countries. For a source country i and destination country j , the weight 

cjij is given by the proportion of migrants of country i going to country j . Formally, if m^ 

is the number of migrants from country i to country j and if Vi denotes the sets far-away 

destination countries, we set OJH = --«.—A . Then, our instrumental variable, denoted as 

"cell phones in host country", is defined by : 

cellphone _hostcountr y it = > Wy * cellphonejf—\ (3-2) 
jeVi 

As usual, to be valid, our candidate instrument must satisfy two conditions. It must be 

correlated with the variable of interest - phone adoption in the source country - and it must 

not be correlated with the dependent variables - institutional quality in source countries -

except through its correlation with phone adoption. Let us discuss these conditions in turn. 

Our instrument exploits the networks effect of international migration on cell phone adop-

tion in source countries. Migration has clearly been a driving force in the dramatic growth of 

international telephony over recent decades, accounting for large rises in phone calls between 

countries with strong immigrant/emigrant connections, see Vertovec (2004). Remote com-

munication helps international migrants maintain contacts with family and friends (Ros et 

al, 2007). 14 Neumayer et al. (forthcoming) finds a strong impact of bilateral migrant stocks 

'"The da ta sets on bilateral migration stocks is posted at 
www.worldbank.org/prospects/migrationandremittances 
1 We exclude all neighboring countries in the choice of destination countries to overcome the potential effects of 

democracy from neighboring countries on democracy in home country. 
14For example, Schapendonk and Moppes (2007) tell, in their interviews with migrants in Morocco, Spain and 

Senegal tha t migrants all confirmed that they owned and regularly used mobile phones to remain connected with 
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on cross-country patterns of phone calls. 

The key issue, then, is whether lagged phone adoption in destination countries may be cor-

related to institutional quality in the source country through other channels. We argue that, 

if these hypothetical channels operate, they will be stronger for geographic neighbors due 

to spatial proximity and to the various historical and political linkages connecting countries 

sharing a common border. Therefore, we remove geographic neighbors from the set of des-

tination countries. In our robustness section below, we also look at all destination countries 

and at geographic neighbors only and we find that the empirical results are robust to the 

definition of the set of countries. In particular, including geographic neighbors to the set of 

destination countries has little effect on the estimates, which provides some indirect evidence 

that these hypothetical channels are not problematic. 

Table 3.3 reports the new results. First-stage estimates from the 2SLS regressions show that 

lagged adoption in host countries is positively and strongly correlated with current adoption 

in home country. Coefficients are statistically significant at the 1% level (colomuns 1 and 

3). The R — squared statistic is about 43%. Looking at the main regressions, we see that 

the effect of phone adoption on political rights is again statistically not significant in all 

specifications. In contrast, the adoption of cell phones seems to have a causal and positive 

effect on civil liberties. Coefficients are statistically significant at the 1% level (columns 3 

and 4). Quantitatively, the impact lies between 0.000974 and 0.00214 which is similar to the 

original regressions. Overall, results from this section suggest that phone adoption indeed has 

a positive causal impact on the level of civil liberties in a country, while it has no discernible 

impact on political rights. In the following section, we run a battery of checks to assess the 

their friends and family abroad, both during the migration journey and once they reached their final destination. 
Telecommunications have a major role in allowing connection with family and friends left behind, in forging, 
sustaining and re-imagining migrants' identity (Esman 2009; Horst 2006; Ros 2010). 
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robustness of the finding. 

Base sample 1990-2008 

Civil Liberties Political Rights 

1990-2008 

Civil Liberties 

-ixed Effects 2SLS 

(2) 
Arellano-Bond 

GMM 

(3) 

Fixed Effects 2SLS 

<«) 
Arellano-Bond 

GMM 
Panel A Dependent Variable is Democracy 
Democracy M 

Mobile Phone M 

0 6 6 4 " * 
( 0.0244) 

0,000453 

(0.000513) 

0.707— 
(0 0739) 

-0,000297 

(0 000266) 

0.635— 
(0.0270) 

000214— 

(0.000407) 

0.664— 
( 0.0620) 

0000974— 

(0.000325) 

Panel B First Stage for Mobile Phone per 100 inhabitants t-

Democracy M 

host countries M 

-2,285 

(2.034313) 

0.2637631"* 
(0.0112182) 

-0,455 

(2.976674) 

0.2620701™ 
(0.0117043) 

Sargan statistic 0 
p-value of Sargan sta 
Arellano-Bond test for AR(1) 
p-value AR1 
Arellano-Bond test for AR(2) 
p value AR2 
Number of countries 47 

Observations 792 
R-squared in first sta 0,431 
R-squared in 
second staqe 0,505 

124.90 
0,95 
-3,35 
0.00 
1,15 
0,25 
47 

791 

0 

47 

792 
0.43 

0,477 

163,60 
0,25 
-4,20 
0,00 
0,33 
0,74 
47 

791 

Standard errors in ps 
*** Significant at the 1 percent level. 
** Significant at Ihe £ 
* Significant at the 10 percent level. 

TABLE 3.3-INSTRUMENTAL VARIABLE ESTIMATES. 

3.5. R o b u s t n e s s Check 

The positive correlation between cell phones and civil liberties documented in the previous 

section is consistent with our hypothesis that the large-scale diffusion of cell phones has 

a direct impact on political and institutional evolution. However, this correlation could be 

explained by omitted variables that are correlated with cell phones diffusion and with subse-

quent civil liberties. For instance, income measured by GDP per capita has a positive impact 

on democracy (Barro 1999, Helliwell 1994) and on cell phone adoption . We investigate the 

robustness of our results by controlling for other covariates. We continue our robusteness 

check by running our estimation on different sets of countries and then on alternative defin-

itions of our instrument. Finally, we conjecture that cell phones facilitate coordination and 
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mobilization for protest events. A country that often experienced mass protest events should 

improve state-citizens accountability to avoid chaos. If our conjecture is valid, the effects 

of cell phones on civil liberties should be greater in countries that have experienced more 

protest events. Thus we examine our results by subdividing our data in two samples: sample 

of countries which have experienced more protest events and those which have experienced 

less protests events. To save space, we only report the robustness checks for the Freedom 

House data on Civil Liberties. 

3 .5.1. Influence of O the r Variables 

Table 3.4 reports results of regressions controlling for a variety of country-level covariates. 

Column 1 includes GDP per capita, column 2 adds growth in GDP per capita, and column 3 

considers the percentage of the population living in urban areas. Including these covariates 

has little impact on the effect of phone adoption on civil liberties. 

Base sample 1990-2008 
(1) (2) (3) (4) 
Dependent Variable: Civil Liberties (CL) 

Mobile Phone in Hosts Countries Instrument 

Democracy,., 0.651*** 0.656*** 0.636*** 0.647*** 
(0.0720) (0.0615) (0.0709) (0.0777) 

Mobile Phone,., 0.00104*** 0.000875*** 0.00139" 0.00103** 
( 0.000382) (0.000316) (0.000592) ( 0.000498) 

GDP per Capita,., 0,000 
( 0.0000) 

0.000* 
(0.00001) 

Growth in GDP per Capita, 0.207*** 
(0.0671) 

0.223*** 
(0.0865) 

Log(Urban Population) ,., 0,0086 
(0.0180) 

0,00962 
(0.0196) 

Sargan statistic 159,4 153,0 94,4 87,5 
p-value of Sargan statistic 0,325 0,485 0,856 0,936 
Arellano-Bond test for AR(1) -4,037 -4,146 -3,778 -3,775 
p-value AR1 0,000 0,000 0,000 0,000 
Arellano-Bond test for AR(2) 0,328 0,358 -0,601 -0,556 
p-value AR2 0,743 0,720 0,548 0,578 
Number of countries 46 46 47 45 

Observations 763 761 481 463 
Standard errors in parentheses 
*** Significant at the 1 percent level. 
** Significant at the 5 percent level. 
* Significant at the 10 percent level. 

Table 3.4-Influence of other Covariates. 
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3.5.2. Al te rna t ive Subsets of Count r ies 

In this section, we rim our estimations on différents subsets of our data. Table 3.5 reports 

our results. Column 1 reproduces the same results as in column 4 of Table 3.3. Column 2 

reports estimates for Sub-Saharan countries. Columns 3 looks at former French colonies only 

while columns 4 focuses on former British colonies. Finally, column 5 reports estimates for 

Western African countries. 

Base sample 1990-2008 

HI (2) I J) («I (5) (6) (7) I») (») (10) 

Arellano-Bond GMM Fixed Effects 2SLS 

Former Former Fonner West 
Sub. French Former British West African French British African 

All countries Saharan Colonies colonies Countries All countries 
0.635™ 

Sub-Saharan 
0.638™ 

Colonies 
0.591— 

colonies 
0684— 

Countries 
0606— Democracy*-* 0.664— 0629— 0573™ 0623— 0.641™ 

All countries 
0.635™ 

Sub-Saharan 
0.638™ 

Colonies 
0.591— 

colonies 
0684— 

Countries 
0606— 

(0 0620) (0 0684) (0 0616) (0129) (0.0775) (0.0270) (0.0289) (0.0401) (0.0448) (0.0467) 
UobHePhonet-1 0.000974— 0 00137™ 0000608- 000135- 0.000897- 000214— 0.00271— 0,000751 0.00270— 0.00341— 

(0.0O0325) (O.0OO486) (0 000337) (0 000728) (0 000544) (0.000407) ( 0.000562) (0 000477) (O.0OO738) (0.000987) 
PanelB First Stage for Mobile Phone per 100 inhabitants t-1 
Oemocracyt-1 2 -0,455 1.971 -0,465 1,988 2.642 

Mobile n o n e in host 
(2.976674) (2.540683) (5.176644) (4 292113 ) ( 2.566543) 

countries t-2 0.2620701 — 02113276™ 0.3006527— 0,2785053 0245627— 

(0.0117043) 

0 

(0.0106045) 

0 

(0.0184804) 

0 

(0.0199655) (0.0136225) 

0 0 Sargan statistic 163,6 154.9 139.7 102,7 135,7 

(0.0117043) 

0 

(0.0106045) 

0 

(0.0184804) 

0 

(0.0199655) (0.0136225) 

0 0 
p. value of Sargan statistic 0,246 0.419 0,754 0.995 0,792 
Arellano-Bond test for AR(1) -4.199 -3.901 -2.676 -1.952 -2.689 
p-value AR1 0,0000 0,0001 0.00744 0,051 0,00716 
Arellano-Bond test for AR(2) 0,327 0.0498 0.744 -0.955 0.732 
p-value AR2 0.744 0.96 0.453 0,34 0,464 
Number of countries 47 42 22 14 17 47 42 22 14 17 

Observations 791 706 372 235 285 792 707 372 235 285 
R-squared in first stage 0.43 0.409 0.441 0.519 0.595 
R-squared in second stage 0.477 0,486 0,401 0.6 0,474 
Standard errors in parentheses 
— Significant at the 1 percen level. 
" Significant at the 5 percent level. 
* Significant at the 10 percent level. 

Table 3.5-Estimation under Alternative Subsets of countries. 

The effect is essentially robust. It seems somewhat stronger in former British colonies than in 

former French ones, and slightly stronger in Subsaharan Africa than in the whole of Africa. 

3.5.3. A l t e rna t ive Definit ion of t h e I n s t r u m e n t 

We study the sensitivity of the estimates to the set of countries used in computing our 

instrumental variable. That is, we still instrument current adoption rate in home country 
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by lagged adoption in other countries, but vary the set of other countries. We first include 

all countries of migrants' destination - including geographic neighbors -, computing weights 

in the same way as above. We then include geographic neighbors only and use as weights 

relative shares of population in neighboring countries. Results are reported in Table 3.6. 

Interestingly, and perhaps not surprisingly, lagged adoption rates in neighboring countries 

have a stronger impact on current adoption in the home country in the first stage. And yet, 

results of main regressions are remarkably robust to the definition of the instrument. 

Base sample: 1990-2008 
Instrument : Phone in Host Instrument : Phone in All Instrument : Phone in 

Countries Host Countries Neighboring Countries 

(1) (2 ) (3) ( 4 ) (S) 
Fixed 

(6 ) 

Fixed Effects Arel lano-Bond Fixed Effects Arellano- Effects Arel lano-Bond 
2SLS GMM 2SLS Bond GMM 2SLS GMM 

Panel A Dependent Variable is Democracy 
Democracy,., 0 .635"* 0.664*** 0.645*** 0.677*** 0.663*** 0 .658"* 

( 0.0270) ( 0.0620) (0.0263) (0.0615) (0.0265) ( 0.0659) 
Mobile Phone,., 0.00214*** 0.000974*** 0.00167*** 0 .000706" 0.000869" 0.00104*" 

( 0.000407) ( 0.000325) (0.000341) (0.000300) (0.000406) (0.000323) 
Panel B First Stage for Mobile Phone per 100 inhabitants t-1 

Democracy,., -0,455 

( 2. 976674) 

-1,316 

( 2.52773 ) 
9.166759*" 
( 2.906945 ) 

Mobile Phone in host countries ,.2 0..2620701*** 
(0.0117043) 

• 

Mobile Phone in all host countries ,.2 0.4416838*** 

(0.0144022) 
Mobile Phone in neighboring 

0 .7246434" . 
countries ,.2 

(0.0335678) 

Sargan statistic 0 163,60 0 167,30 0 163,20 
p-value of Sargan statistic 0,25 0,19 0,25 
Arellano-Bond test for AR(1) -4,20 -4,19 -4,11 
p-value AR1 0,00 0,00 0,00 
Arellano-Bond test for AR(2) 0,33 0,32 0,33 
p-value AR2 0,74 0,75 0,74 
Number of countries 47 47 47 47 47 47 

Observations 792 791 792 791 792 791 
R-squared in first stage 0,43 0,579 0,414 
R-squared in second stage 0,477 0,49 0,502 
Standard errors in parentheses 
" * Significant at the 1 percent level. 
" Significant at the 5 percent level. 
* Significant at the 10 percent level. 

Table 3.6-Alternative Definitions of the Instrumental Variable 
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3.5.4. Cell Phone and Mass Protests Country-Level Episodes 

In this section, we examine the effect of cell phones on civil liberties in countries that have 

experienced more protest events. We use the violence dataset developed by the Africa research 

Program at Harvard University to subdivide our data into two subsets of countries according 

to the occurrence of mass protests events in the country. The dataset includes a set of violence 

and unrest variables for 46 sub-Saharan countries between 1970 and 1995.lo Among these 

variables, we use the dichotomous variable RIOT which captures the occurrence of riots as 

a proxy of mass protests in a country. This variable takes a value of 1 if at least one riot 

took place during the year. It is coded 0 otherwise. Within our sample, 7 countries could not 

be matched to the violence dataset.16 Removing these observations leaves us with 40 sub-

Saharan Africa countries. We first take the average of this variable for each country between 

1970 and 1995. This gives a realized probability that some riots took place in a given year. 

We then construct a new dichotomous variable P R O T E S T that captures each country's 

experience in protest events. This dichotomous variable takes a value of 1 if the country has 

experienced on average a higher occurrence of riots between 1970 and 1995 than the average 

across all Sub-Saharan Africa countries for the same period. It is coded 0 otherwise. Among 

the 40 countries, 18 countries have experienced a higher occurrence of riots. We then run 

separately our model on each subset. We expect that cell phones should have stronger effects 

on civil liberties in countries that have experienced more occurrence of riots. 

The estimation results, presented in Table 3.7, confirm our expectations. The estimate is 

twice as high for countries that have experienced relatively more protest events than for 

"The dataset can be accessed at http://africa.gov.harvard.edu/ 
Algeria, Egypt, Eritrea, Libya, Morocco, South Africa and Tunisia are not figuring within violence dataset. 
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those that have experienced less protest events. 

Base sample: 
High Occurrence of Riots 

990-2008 Base sample: 
High Occurrence of Riots Less Occurrence of Riots 

(D (2) (3) (4) 
Fixed Effects Arellano-Bond Effects Arellano-Bond 

2SLS GMM 2SLS GMM 

Panel A Dependent Vanable is Democracy 

Democracy,., 0.640"* 0.553*" 0.616*** 0 .581* " 
(0.0469) (0.0918) (0.0386) ( 0.0995) 

Mobile Phone,., 0.00412*" 0.00206*" 0.00277"* 0.00132* 
(0.00117) ( 0.000764) (0.000755) (0.000733) 

Panel B First Stage for Mobile Phone per 100 inhabitants t-1 
Democracy,., 2.094416 

(2.394467) 
0.3808963 

(3.600604 ) 
Mobile Phone in host 
countries h l 0.1522196*" 

(0.0092882) 
0.2191086*** 
(0.0154614) 

Sargan statistic 172,6 96,68 
p-value of Sargan statistic 0,081 0,998 
Arellano-Bond test for AR( 1 ) -2,327 -2,904 
p-value AR1 0,0199 0,00368 
Arellano-Bond test for AR(2) 0,619 -1,545 
p-value AR2 0,536 0,122 
Number of countries 18 22 

Observations 302 302 373 373 
R-squared in first stage 0.5235 0.3975 
R-squared in second staqe 0.472 0.479 
Standard errors in parentheses 
" * Significant at the 1 percen level. 
** Significant at the 5 percent level. 
* Significant at the 10 percent level. 

Table 3.7-Cell Phone, Civil Liberties (CL) and Mass Protests. 

3.6. Cell Phone and Civil Liberties Prediction 

Our final empirical exercise is to study the residuals from our preferred regressions. Figure 

3.3 thus presents the difference between the civil liberty index and its predicted value from 

the GMM estimates (column 3 Table 3) for each of our 47 countries. 

An interesting pattern is that all North African countries (Lybia, Algeria, Tunisia, Morocco) 

have negative residuals. So North African countries have a level of civil liberties which is 

lower than what could be expected given their level of phone adoption and what is happening 

throughout Africa. We think that this finding provides some quantitative evidence about the 

excessive level of popular discontent in these countries up to 2008, which eventually led to 

the Arab Spring of 2010-2011. 

45 



OrtGNtFASB 

-TRW. AF MOW HEPLBLIC 

MCRŒEO 
WNO> 
cuwun 

TOOO 
OJnEA 
o t e c N 

ANOCLA 

c e u x 
-TEDivaBE 

BMT 

CH*". 
ZIMBABWE 

TIMS A 
ALCBÏA 

MM 
M ALU TAMA 

LYBA 
e a j t ' O f l r i Gu r e * 

-.1 0 
Residuals 

Figure 3.3: Civil Liberties Residuals in 2008 

The pattern is confirmed by an examination of different subset of countries, see Figure 3.4 (a) 

and (6). 
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Figure 3.4: Civil Liberties Residuals by Region in 2008 

3.7. Concluding Remarks 

The recent revolutions in Tunisia and Egypt provide rather dramatic illustrations of the 

political impact of new communication technologies such as cell phones and the internet in 

the wider context of democratization. New communication tools fundamentally differ from 

traditional technologies. In particular, the radio, television, and newspapers are often easily 

controlled by the government. In contrast, cell phones allow people to produce their own 

news, and to avoid censorship. They help generate information and mobilize activists. In this 

paper, we provide the first systematic exploration of the effect of communication technologies 

on political and institutional evolution. We focus on the past twenty years in Africa, a place 

and time which have seen large changes in both dimensions. We find that cell phone adoption 

has had a clear influence on civil liberties and no discernible effect on political rights. 
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3.8. Appendix 

3.8.1. List of Countries in the dataset 

Country Country Country 
Country name code Country name code Country name code 

High Occurrence of riot events Less Occurrence of riot events Not classified * 

1 BENIN BEN 1 ANGOLA AGO 1 ALGERIA DZA 
2 CAMEROON CMR 2 BOTSWANA BWA 2 EGYPT EGY 
3 CENTRAL AFRICAN REPUBLIC CAF 3 BURKINA FASO BFA 3 ERITREA ERI 
4 COTE D1V0IRE CIV 4 BURUNDI BDI 4 LYBIA LBY 
5 DJIBOUTI DJI 5 CHAD TCD 5 MOROCCO MAR 
6 ETHIOPIA ETH 6 CONGO COG 6 SOUTH AFRICA ZAF 
7 GUINEA GIN 7 EQUATORIAL GUINEA GNQ 7 TUNISIA TUN 
8 KENYA KEN 8 GABON GAB 
9 LIBERIA LBR 9 GAMBIA GMB 

10 MADAGASCAR MDG 10 GHANA GHA 
11 MALI MLI 11 GUINEA-BISSAU GNB 
12 NIGERIA NGA 12 LESOTHO LSO 
13 SENEGAL SEN 13 MALAWI MWI 
14 SIERRA LEONE SLE 14 MAURITANIA MRT 
15 SOMALIA SOM 15 MOZAMBIQUE MOZ 
16 SUDAN SDN 16 NAMIBIA NAM 
17 TOGO TGO 17 NIGER NER 
18 ZAMBIA ZMB 18 RWANDA 

19 SWAZILAND 
20 TANZANIA 
21 UGANDA 
22 ZIMBABWE 

RWA 
SWZ 
TZA 
UGA 
ZWE 

* Not includes in the violence dataset 

3.8.2. Democracy and Mobile Phone using Polity IV 

We give below a replication of all our results using Polity IV index of democracy. 

Basic Resu l t s Table 3.4F shows the basic results using Polity IV index of democracy. The 
coefficient of the lagged democracy ranges from 0.772 for pooled OLS to 0.567 in GMM Arellano 
Bond estimator, with the Fixed effects OLS (0.704) and the two stage least square (0.687) within 
this range. The coefficients of cell phone are significant in the Fixed effects OLS and highly 
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significant in the system GMM specification. 

Base sample: 1990-2008 
(1) (2) (3) (4) 

Fixed Effects Fixed Effects Arellano-Bond 
Pooled OLS OLS 2SLS GMM 

Democracy,., 0.772*" 0.704"* 0.687*" 0632*" 
(0.0275) ( 0.0359) ( 0.0235) (0.0664) 

Mobile Phone,., 0,00016 0000395" 0,000359 0.000671" 
(0.000143) (0.000193) (0.000299) ( 0.0002755) 

Constant 0.128*** 
(0O1B0) 

0.159*" 
(0.0170) 

Sargan statistic 3,531 134,1 
p-value of Sargan statistic 0,171 0,862 
Arellano-Bond test for AR(1) -3,327 
p-value AR1 0,000878 
Arellano-Bond test for AR(2) -0,584 
p-value AR2 0,56 

Number of countries 47 47 46 47 
Observations 823 823 723 723 
R-squared 0,618 0,571 
Standard errors in parentheses 
*** Significant at the 1 percent level. 
** Significant at the 5 percent level. 
* Significant at the 10 percent level. 

Table 3.4F-Mobile Phone and Polity IV Measure of 
Democracy: Basic Results. 

In our results with the system GMM technique, the effects of mobile phone per 100 inhabitants 
on polity IV index of democracy is 0.0007. Thus, an increase of 10 percent Mobile phone per 
inhabitants in a country increases its democracy index about 0.7 percent on a scale of zero 
to one. In other terms, giving one mobile phone for each inhabitant in a country increases its 
democracy measuring by Polity IV index about 7 percent on a scale of zero to one. These results 
are comparable with the case of Freedom House index of democracy. 

49 



Identifying Causal Relationships : Instrumental Variable Estimates 

Base sample 1990-2008 
( 1 ) ( 2 ) 

Are l lano-Bond 
= ixed Effects 2SLS G M M 

Dependent Variable is Democracy 
P i n t l A measured bv Polity IV 
Democracy „ 0 . 7 0 4 ™ 0 . 5 5 9 ™ 

( 0.0229) ( 0.0802) 
Mobile Phone -. ( 0 .00146— 0 . 0 0 1 1 6 " * 

( 0.000452) ( 0 000442) 

First Stage for Mobile Phone per 100 
P»nel B inhabitants 1-1 
Democracy -. » - 6 . 1 9 2 3 3 — 

(2.296884) 
Mobile Phono in 
host countries „» 0 .2775792— 

(0.0120585) 

Sargan statistic 0 109,9 
p-value of Sargan statistic 0,996 
Arelano-Bond test for AR( 1 ) -3,149 
p-\«lue AR1 0,00164 
Arelano-Bond test fo -0,64 
p-uatue AR2 0,522 
Number of countries 47 47 

Observations 777 776 
R-squared in first sta 0,441 
R-squared in 
second stage 0,594 
Standard errors in p£ 
* " Significant at (he 
** Significant at the 5 percent tevel. 
* Significant at the 10 percent level. 

Table 3.4G-Mobile Phone and Polity 
IV: Instrumental Variable Estimates. 
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Robustness Checks 

Base sample 1990-2008 
(D ( 2 ) ( 3 ) ( 4 ) 

Dependen t Var iab le : Pol i ty IV 
Mob i le P h o n e In H o s t s Coun t r i es I ns t r umen t 

Democracy,., 0.567*** 0.603*** 0.623*** 0.628*** 
(0 .0801) (0.0679) ( 0.0838) (0.0826) 

Mobi le Phone,. , 0.00110*** 0.00107*** 0.00168** 0 .00161** 
(0.000418) (0.000384) (0.000850) (0.000769) 

G D P per Capita,., 0,000 
(0.0000) 

0.000 
(0 .0000) 

Growth in G D P per Capi ta, 0,0591 
(0.0562) 

0,0511 
(0.0628) 

Log(Urban Population),. , 0,015 
(0.0246) 

0,018 
(0 .0231) 

Sargan statistic 110,2 97,0 57,9 58,1 
p-value of Sargan statistic 0,996 1,000 1,000 1,000 
Arellano-Bond test for AR(1 ) -3,169 -3,167 -2,926 -2.921 
p-value AR1 0,002 0,002 0,003 0,003 
Arellano-Bond test for AR(2) -0,632 -0,425 -0,560 -0,586 
p-value AR2 0,527 0,671 0,576 0,558 
Number of countries 46 46 47 45 

Observations 748 746 474 456 
Standard errors in parentheses 
*** Significant at the 1 perœnt level. 
** Significant at the 5 percent evel. 
* Significant at the 10 perœnt level. 

Table 3.4H-Mobile Phone and Polity IV: Instrumental 
Variable Estimates. 

Base sample: 1990-2008 
(1) (2) (3) (4) (S) 
Mobile Phone in Hosts Countries Instrument 

Former Former West 
All Sub- French British African 

countries Saharan Colonies colonies Countries 
Den-iocracyf-f 0.559*** 0.530*" 0.664*** 0.720"* 0.572"* 

( 0.0802) (0.0874) (0.0807) ( 0.0775) (0.1000) 
Mobile Phonet-1 0.00116**' 0.00142" 0.000534* 0,000405 0,0012 

( 0.000442) 0.00O623( 0.000319) ( 0.000343) ( 0.000762) 

Sargan statistic 109,9 96.89 138 80,04 122 
p-value of Sargan statistic 0,996 1 0,785 1 0,954 
Arellano-Bond test for AR( 11 -3,149 -2,975 -2,331 -2,165 -2,144 
p- value AR1 0,02 0,00 0,0198 0,0304 0,0321 
Arellano-Bond test for AR(2) -0,64 -0,756 0,485 -0,625 -0,327 
p-value AR2 0,522 0,441 0,627 0,532 0,744 
Number of countries 47 42 22 14 17 

Observations 776 691 372 235 285 
Standard errors in parenthes es 
*™ Significant at the 1 percent level 
** Significant at the 5 percent level 
* Significant at the 10 percent level 

Table 4I-Mobile Phone and Polity IV: Influence 
of other Covariates. 
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Base sample: 1990-2008 

Instrument: Phone in Host Instrument : =hone in All Instrument : Phone in 
Countries Host Countries Neighboring Countries 

(1) (2) (3) (4) (S) 
Fixed 

(6) 

Fixed Effects Arellano-Bond Fixed Effects Arellano- Effects Arellano-Bond 
2SLS GMM 2SLS Bond GMM 2SLS GMM 

Panel A Dependent Variable s Democracy 
Democracy,., 0.704— 0 625— 0.710"* 0.567— 0 722— 0 558— 

( 0.0229) (0.0998) (0 0226) (0.0792) ( 0.0228) (00806) 
Mobile Phone,., 0 00146™ 0 000943" 0 00102— 000952"* 0,000162 0.00118™ 

( 0 000452) (0.000461) ( 0.000383) (0 000351) (0 000464) ( 0 000463) 
Panel B First Stage for Mobile Phone per 100 inhabitants t-1 
Democracy,., -6.19233— 

( 2 296884) 
-2943988 
( 1.88407) 

6.091725— 
(2.205573) 

Mobile Phone in host countries ,., 0.2775792— 
( 0 0120585) 

Mobile Phone in all host countries ,., 0.4574738™ 
( 0 4574738 ) 

Mobile Phone in neighboring 
0 .7307282*" 

countries M 
( 0 0337886) 

Sargan statistic 0 78,41 0 112,50 0 110,70 
p-value of Sargan statistic 1,000 0,993 0,995 
Arellano-Bond test for AR(1) -3,07 -3,16 -3,13 
p-value AR1 0,00 0,00 0,00 
Arellano-Bond test for AR(2) -0,58 -0,64 -0,64 
p-value AR2 0,56 0,52 1,00 
Number of countries 47 47 47 47 47 47 

Observations 777 776 777 776 777 776 
R-squared in first stage 0,441 0,595 0,412 
R-squared in second stage 0,594 0,599 0,602 
Standard errors in parentheses 
" " Significant at the 1 percent level. 
" Significant at the 5 percent level. 
* Significant at the 10 percent level. 

Table 4I-Mobile Phone and Polity IV Measure of Democracy using Alternative 
Definition of the Instrument. 
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Base sample: 1990-2008 
(D (2) 

Mobile Phone in Host Countries 
(1) 

High 
^ M 

Occurrence Less Occurrence 
of Riots of Riots 

Democracy,., 0.756— 0.483— 

(0.0777) (0.0779) 
Mobile Phone,., 0,000542 0,000543 

(0.000511) (0.000424) 

Sargan statistic 87,52 121,9 
p-value of Sargan statistic 1 0,966 
Arellano-Bond test for AR(1 ) -2,18 -2,375 
p-value AR1 0,0292 0,0176 
Arellano-Bond test for AR(2) -0,662 -0,607 
p-value AR2 0,508 0,544 
Number of countries 18 22 

Observations 287 373 
Standard errors in parentheses 
*** Significant at the 1 percent level. 
** Significant at the 5 percent level. 
* Significant at the 10 percent level. 

Table 4I-Mobile Phone, Polity IV and 
Mass Protests. 
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4. Essay 3: The Challenges to Agricul tural Development in Sub-Saharan Africa 

4.1. Introduction 

Why is farming still an undeveloped activity in sub-Saharan Africa? This paper develops a 

theory that proposes poor terms of trade as an answer, in a context where farming is an activity 

undertaken predominantly by the nonelite population— as in most sub-Saharan Africa (SSA). 

Agriculture is a source of livelihood for about 70% of SSA's labor force (UNECA 2009). 

For example, in Tanzania, coffee alone is a source of livelihood for 400 000 smallhold farmers.17 

Agriculture is also an important source of foreign exchange for SSA countries. For example, in 

Ethiopia, arabica coffee alone accounts for 60% of export earnings.18 These facts underscore the 

importance of agriculture in SSA. Yet Africa's agriculture continues to lag behind other regions in 

performance, due to inadequate use of yield-enhancing inputs. According to the Economic Report 

on Africa 2009 published by the United Nation Economic Commission for Africa (UNECA), 

SSA ranks the lowest in the world in terms of yield-enhancing practices, mechanization, use of 

agrochemical and irrigated land. African countries also use on average only 125 grams of fertilizer 

per hectare compared to the world average of 1020 grams per hectare. In the case of agricultural 

mechanization, reported figures are equally dismal at only 13 tractors/100 km2 of arable land in 

Africa, compared to 200 tractors/100 km2 for the world average (UNECA 2009). 

Agricultural inputs (agrochemicals, high-yielding seeds, machineries) are viewed as techno-

logical solutions to soil fertility management in farming. In SSA, however, supply of these inputs 

remains under the control of inefficient state systems or private monopolies. Prior to the 1980s, 

in most SSA, the state had a monopoly in the supply, marketing and distribution of these inputs. 

But the system was dimmed largely inefficient, which led to it being dismantled in the context 

of privatization initiated in the 1980s and 1990s under the Structural Adjustment Programs sup-

ported by the IMF and the World Bank Group (IFDC 2001). However, contrary to expectations, 

the private sector has been slow or ineffective in taking over after government withdrawal. Privati-

zation has neither enhanced efficiency, nor improved the effectiveness of markets in reaching small 

farmers (Akeredolu 2008). Instead, as a study by the Sécurité Alimentaire Durable en Afrique 

de l'Ouest Centrale (SADAOC) reveals, privatization mainly swapped state control systems for 

^'African Business, June 2011, page 47. 
18 African Business, June 2011, page 46. 
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private monopolies (SADAOC Foundation, 2000). In other words, privatization has failed to 

enhance the well-functioning of agricultural input markets in SSA. Arguably, this failure is an 

important challenge to agricultural transformation in SSA, and therefore needs to be addressed. 

This paper sets out to explore the nature of economic forces that cause inefficiency to per-

meate SSA's agricultural input markets. Our model builds on a number of stylized facts about 

SSA. First, in most SSA there is social stratification featuring two distinct classes of citizens: the 

economic elite who enjoy considerable economic power, and the nonelite population composed 

of households that derive their livelihood from smallholder farming (UNECA 2009). Second, 

SSA's exports face poor terms of trade (Ocampo and Parra 2006). Third, unlike industrialized 

countries—which are net exporters of manufactures—, African states which export mostly pri-

mary commodities or minimally processed goods typically occupy the lower rungs of measures 

of institutional quality like the World Bank's Doing Business Index and Transparency Interna-

tional's Corruption Perception Index, reflecting the prevalence of inefficient states—understood 

as those that consistently implement pro-elite policies. Our paper thus connects these three phe-

nomena: farming as the source of livelihood for the nonelite, poor terms of trade, and inadequate 

use of yield-enhancing inputs in SSA.19 

We articulate this connection in a two-sector general equilibrium model of a small open econ-

omy comprising a farm sector and an composite input sector. The farming sector produces a 

cash crop solely for export (e.g., cocoa, coffee, cotton, tea leaves), while the composite input 

sector supplies technological solutions to the problem of soil fertility management faced by farm-

ers. These include agrochemicals, high-yielding seeds, machineries, and extension services. The 

economy uses foreign exchange earnings from exporting the cash crop to pay for imports of an es-

sential manufacturing good (e.g., health-care products, etc.). Under balanced trade, the country's 

capacity to pay for its imports is limited by the value of its cash crop exports. Thus, expanding 

production in the primary sector becomes critical for improving living standards in this small 

1 One may then ask why the so-called green revolution occurred in India, despite poor agricultural terms of 
trade. Our answer is that SSA and India differ in an important respect. In India, at the time of the onset of the 
green revolution, farming was still a contractual arrangement between the rural elite— the landlords — also known 
as village zamindars, and landless, nonelite, tenants—those who actually tilled the land (Sharma 1999). Arguably, 
these rural elite therefore gained from the well-functioning of the market for yield-enhancing inputs, as this would 
ensure efficient delivery of the inputs needed to raise on-farm yield. This rare coincidence between the interests 
of the elite and those of the nonelite is what, according to Sharma (1999, chap. 4), made the green revolution 
possible in India. In SSA, by contrast, such contractual arrangements are almost inexistent, as farming is carried 
out predominantly by nonelite, smallhold, farmers. 

57 



open economy. Whether or not this sector expands, in turn, may depend on the nature of the 

institution prescribing the rules of the game in the composite input sector, as this institution 

affects the efficiency of the sector at supplying yield-enhancing technologies to farmers. 

In our model, control of the supply of a composite input to farmers pits an elite group of 

households— the economic elite— against a potential innovator endowed with exclusive rights 

over the used of a more efficient technology for producing the composite input. The economic 

elite are the owners of (privatized) former state corporations, with a vested interest in securing 

monopoly rights over the supply of the composite input. To secure monopoly rights, the elite 

resort to patronage politics to induce the adoption of a licensing system that makes it costly for 

potential new entrants with superior technologies to obtain the license to supply the composite 

input. We follow Parente and Prescott (1999) by linking the elite resistance to free enterprise to 

the cost of entry potential technological innovators must incur to break this resistance. However 

to effectively turn the licensing system into a tool for implementing their monopoly rights, the 

elite must reach out to a section of the nonelite population (as in Bandiera and Levy, 2011), with 

whom they will form a strategic coalition to bar entry of the potential innovator into the sector. 

Therefore, the mechanism through which market institutions generate inefficiencies that impede 

agricultural transformation is strategic. 

The political economy of the functioning of agricultural input markets in SSA can thus be 

construed as a two-stage game. The first-stage game— the coalition game— is played between 

the elite and a group of nonelite households invited to join the coalition that seek to secure 

monopoly rights over the supply of the composite input used in farming. The outcome of this 

sub-game is the institution that prescribes the rules of the game in the composite input sector: 

either a licensing system implementing the elite's monopoly rights or free enterprise which opens 

the door to potential innovators to compete against the elite in the supply of the composite input. 

The second-stage game— the entry-deterrence game— is played between the potential innovator 

and the elite, if and when the licensing system is adopted. The potential innovator must decide 

whether or not to invest resources in breaking the elite's resistance to free enterprise, whereas the 

elite choose the size of the coalition needed to discourage the potential innovator from attempting 

to break their resistance to free enterprise. We define the optimal coalition size as the size that 

effectively bars the potential innovator from entering the composite input sector. This barrier to 
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doing business creates a double inefficiency: in addition to the allocative inefficiency generally 

associated with monopolies, the economy also experiences an efficiency loss due to the use of the 

inferior technology. 

For the group of nonelite households invited to join the coalition that protects the elite's 

monopoly rights, accepting this invitation thus has a gain — i.e., the monopoly rent earned on 

top of their labor wage —, but it also has an opportunity cost. Since the potential innovator 

would have paid higher labor wages under free enterprise, this opportunity cost is the forgone wage 

from supporting the imposition of inefficient monopolies. Stability of the coalition thus depends 

on whether the gains from forming a coalition that impedes technological change exceed its 

opportunity cost. We model the net gain to nonelite households from joining this coalition as the 

difference between the utility payoff from sharing in on the monopoly rents and the opportunity 

cost of doing so. While this opportunity cost is determined by non-strategic elements alone, 

and essentially rises with the terms of trade of the agricultural commodity, the utility payoff 

from sharing in on monopoly rents, by contrast, depends on both strategic and non-strategic 

elements. Strategic elements are imbedded in the two-stage game that determines the industrial 

organization of the composite input sector. 

We demonstrate that poor agricultural terms of trade reduce the optimal coalition size— i.e., 

the size needed to effectively protect the elite's monopoly rights over the supply of the composite 

agricultural input. This result stems from the fact that poorer terms of trade act as a natural 

barrier to entry, thus reducing the effort the elite has to exert in order to bar entry of potential 

rivals in the market for the composite agricultural input. The lower the effort the elite must exert 

to keep their rivals out of the market, the smaller the optimal coalition. 

We also demonstrate that poor terms of trade enhance the elite's ability to form a coalition 

strong enough to represent a prohibitive barrier to entry in the market for the composite agricul-

tural input. This result stems from a combination of two related facts. First, for each non-elite 

household, the net gain from joining the coalition protecting the elite monopoly rights decreases 

with the coalition size. Second, as we argued above, the optimal elite size is an increasing function 

of agricultural terms of trade. These two facts combine to cause the net gain from joining the 

coalition to become a decreasing function of agricultural terms of trade. As a result, poor terms 

of trade raise this net gain, thus enhancing the elite's ability to secure monopoly rights. 

59 



Finally, we demonstrate that poor agricultural terms of trade raise the market price of the 

composite agricultural input, which has an adverse effect on the demand for yield-enhancing input. 

This result explain why in many SSA it takes heavy subsidies to induce farmer's adoption of 

yield-enhancing inputs. It also implies that such subsidies benefit the elite and impede structural 

transformation of these economies by impeding technological innovations. We therefore conclude 

that poor terms of trade may be an important challenge to structural transformation in agrarian 

economies where farming is predominantly a source of livelihood for the nonelite section of the 

population, as is the case in most SSA. 

This study bridges three strands of the development literature. First, it contributes to the de-

bate on the relative merits of developing countries specializing in agriculture versus manufactures 

as a development strategy. This literature consists of two opposing groups. The first to which 

our paper belongs— is pessimistic about the idea of a country basing its development strategy 

on export of primary commodities (Singer 1950; Prebisch 1950; Findlay and Kierzkowski 1983; 

Matsuyama 1992; Stokey 1996; Ocampo and Parra 2006). Unlike this literature, however, our 

pessimism stems from the nature of farming as a source of livelihood for the nonelite population. 

The other group is optimistic (Cartiglia 1997; Echers 1999; Ranjan 2001; Dessy, Mbiekop, and 

Pallage 2009). Our contribution to this literature is to link commodity terms of trade to the 

process of agricultural transformation. 

Second, this study relates to the literature on the inadequate use of yield-enhancing inputs in 

SSA (Dufio, Kremer, and Robinson 2010; Gollin et al 2005, Gollin and Rogerson 2010). Duflo et 

al (2010) emphasize farmers' self-control problem as the main culprit of inadequate fertilizer use 

in Kenya. Gollin and Rogerson (2010) suggest that policies that raise the price of yield-enhancing 

inputs are one of the culprits of low productivity in farming. Our study relates to Gollin and 

Rogerson (2010) by analyzing the political economy of institutions and policies that induce high 

prices for yield-enhancing inputs. 

Third, this study also contributes to the literature on institutions and development which 

links economic stagnation to poor institutions. Parente and Prescott (1999) highlight monopoly-

rights arrangements in poor countries as the main barrier to their long term prosperity. Baland 

and Francois (2000), Vicente (2006), and Robinson, Torvik and Verdier (2006) emphasize the 

institutional foundations of economic stagnation in resource-rich countries. We build around 
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this literature, by providing an explanation for African leaders' apparent lack of political will to 

enhance agricultural transformation, seen by many as vital to their long term prosperity. Overall, 

our main contribution is to integrate the trade and development literature with the institutions 

and development literature in the context of an agrarian economy, by linking poor terms of trade 

to farmers' inadequate use of yield-enhancing inputs. 

The rest of the paper is structured as follows. Section 2 gives an overview of the model. 

Section 3 presents and discusses the results of our model. Finally, section 4 concludes. 

4.2. The Setup 

Consider a small open economy with two sectors: a primary sector and a composite input sector. 

The primary sector's output is entirely exported. The composite input sector provides tech-

nological solutions to the problem of soil fertility management in the primary sector, including 

agrochemicals (fertilizers and pesticides), high-yielding seeds, and machineries, all of which are 

inputs in the primary sector. The economy also comprises a measure one of households. A 

household derives income from selling labor to firms either in the primary sector or the composite 

input sector, or from membership of a strategic coalition enjoying protected monopoly rights over 

the use of a particular technology in the composite input sector. Each household is endowed 

with one unit of labor. The composite imported good is the unique consumption good in this 

environment. We take the imported good as the numeraire, and measure all other prices in units 

of this numeraire. 

4.2.1. The composite input Sector 

Initially, the elite — a small minority of former state-owned corporations' employees— own a 

production technology with level of productivity 9Q say, as a legacy of a privatization process that 

transferred assets of former state-owned enterprises to some former employees. This technology is 

operated by firm 0— the elite firm.20 But a potential innovator (firm 1) endowed with exclusive 

rights over the use of a superior technology, 9\ (with 9\ > #rj)> m a Y break into the sector and 

compete against the elite firm for the production and supply of the composite input to farmers. 

i 0 T h e best (but not the only) way to think about the elite firm is as a legacy of privatized former State-owned 
enterprises. 
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Without loss of generality, assume that for each firm i in the composite input sector, output is 

constant-return-to-scale to labor, and is described as follows: 

Q i = 9iNl
x, i = 0 , l , (4.1) 

where iVJ 6 [0,1] denotes total labor used by firm i, with 

£ K < Nx. 
i=0,l 

Here, Nx denotes total labor force employed in the composite input sector. 

There are two candidate institutions for organizing production in the composite input sector. 

One is a licensing system allowing the state to screen entry into the sector (hereafter denoted 

as LS, for licensing system), and the other is free enterprise (hereafter denoted as FE). Since 

9\ > Oo, under free entry, arguably, perfect competition will drive the elite firm out; the elite 

know that, which is why they may use patronage politics to protect their monopoly rights in 

the sector. They do so by securing the adoption of a licensing system for regulating entry in 

the composite input sector, a process they will then attempt to capture in order to bar entry by 

the potential innovator. But such capture need not succeed. Indeed, the potential rival, with its 

superior technology, has the opportunity to tap into the nonelite workforce and attempt to force 

its way into the sector, by paying a bribe to obtain a license. If the elite cannot influence the 

level of this bribe, firm 1 will break in and rival firm 0 for the supply of the composite input to 

farmers. 

To make matters interesting, let any bribe paid by the potential rival be entirely captured by 

the elite say, as a compensation for losing their monopoly rights. The political economy of the 

industrial organization of the composite input sector can thus be construed as involving a two-

stage game. In the first stage, the elite decide whether to secure the adoption of LS or to leave 

access into the sector unrestricted— an institution we refer to as FE. Adoption of LS allows the 

elite to capture the licensing process so as to bar potential rivals from obtaining a license giving 

them the right to produce and supply the composite input. The second stage game takes place 

if and after the licensing system is adopted. In this second-stage game, the potential innovator 

must decide whether or not to break the elite's resistance to free entry in the composite input 
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sector. In the affirmative, the innovator will pay a bribe, (pNc, as a compensation to the elite for 

a breakdown of their monopoly power, where <p > 0 and Nc denote the coalition size. 

The realized industrial organization of the composite input sector thus depends on whether 

or not the elite can form a stable coalition to fend off the potential innovator's attempt to break 

their firm's monopoly power. This coalition consists of the elite—the actual owners of firm 0— 

and some nonelite households drafted in strategically for the purpose of consolidating the elite's 

control of production and marketing operations for the composite input. If the elite can form 

a stable coalition with some nonelite households capable of pushing the level of the bribe to a 

prohibitively high level, only then will their potential rival keep out, thus leading to the elite's 

consolidation of monopoly power in the composite input sector. We will characterize this political 

economy further below. 

4.2.2. T h e P r i m a r y Sector 

Firms in the primary sector are perfectly competitive. They combine composite input (Xa) and 

labor (Na) to produce A units of a commodity according to a standard Cobb-Douglas technology 

given by21 

A = X f N l ^ , (4.2) 

with 

X a < Qx (4.3) 

N a < l - N x , (4.4) 

where ip G (0,1) denotes the factor share parameter. This production technology implies that 

the level of soil fertility, as proxied by X a , is essential for production, as is labor, Na. 

Let p a denote the export price for the commodity measured in units of the imported final 

good. Under the small-open economy assumption, p a is exogenous and can also be interpreted as 

"'A general expression of the farming technology is as follows: 

A = ( Z X a f N t * , 

where Z denotes the quantity of arable land. The term ZXa can be interpreted as efficiency units of land, which 
is total land available, Z, times the level of soil fertility, Xa. Expression (4.2) is therefore obtained by normalizing 
Z to unity. 
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the commodity terms of trade. Firms in the primary sector are price takers. Profit-maximization 

thus yields the following factor pricing rules under market-clearing: 

PX = ^ ( r ^ _ ) * " 1 . (4.6) 

Observe that since the production level of the composite input depends on the industrial organi-

zation of the composite input sector, the above factor prices will be affected by the elite choice 

of the institutional regime determining this industrial organization. 

If the elite cannot form a stable coalition to secure the adoption of LS, free entry will be 

the institutional regime organizing firms' operations in the composite input sector. In this case, 

perfect competition will drive out the low-technology firm (i.e., firm 0), as an implication of the 

assumption of a constant return-to-scale production process, implying that output will be given 

by 

Qx = 0iN*x. (4.7) 

The zero-profit condition under FE will thus generate the following pricing rule for labor services: 

u*=p*x01 . (4.8) 

In equilibrium, labor will move from the primary sector to the composite input sector until wages 

are equalized across sector: 

w„ = u*. (4.9) 

Expression (4.9) gives the forgone wage to nonelite households from joining the coalition that 

protects the elite's monopoly rights. 

From (4.9), substituting in (4.5) and (4.8), rearranging, yields the intersectoral allocation of 

labor under FE as follows: 

N* = ip (4.10) 

K = 1 - V . (4.11) 
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From (4.5), substituting in (4.7), using (4.10) and (4.11), and rearranging, thus yields a house-

hold's income under FE as follows: 

y * = u * = S P a 0 h (4.12) 

where 

S = $+ (1 - V)1"^ • 

Expression (4.12) shows that the forgone wage from joining the coalition that impedes technolog-

ical change in the composite input sector rises with terms trade and with the level of productivity 

of the new technology. 

By contrast, if the elite can form a stable coalition to protect their monopoly power in the 

supply of the composite input sector, the LS institutional regime will be imposed, giving to the 

elite the opportunity to capture the licensing process. Whether FE or LS will be the prevailing 

institutional arrangement in the composite input sector therefore depends on which of the two 

yields the highest utility payoff to nonelite households—those who determine the stability of the 

coalition. We characterize below each coalition member's utility payoff, respectively under FE 

and under LS. 

4.2.3. Payoffs 

Each household has preferences over an imported good m. The utility (u) representing these 

preferences is logarithmic: 

u (c m ) = lnc m . (4.13) 

A household's earned income depends on (i) the industrial organization of the composite input 

sector, and (ii) whether or not it has elite status. Let y denote the income of a typical household. 

Each household's budget constraint is thus given by: 

Cm<y. (4.14) 

In what follows, we restrict our attention to the indirect utility of a nonelite household invited 

to join the coalition that impedes technological change in the composite input sector. Under FE, 

a nonelite household earns y = UJ*. Using (4.13), (4.14), and (4.12), and rearranging, we obtain 
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the indirect utility of a typical nonelite household as follows: 

V*(0l,pa) = \n8pa01. (4.15) 

The above expression can be interpreted as the opportunity cost of joining the coalition that uses 

patronage politics to induce state implementation of the LS institutional regime in the composite 

input sector. Observe that this opportunity cost rises with the commodity's terms of trade p a as 

well as with the measure of the technological superiority of the rival firm, 9\, as shown in (4.15). 

Under LS, a nonelite household who joins the coalition receives the primary sector wage uia 

augmented with a share of the monopoly rent, rc, if the coalition size, JVC, is sufficiently large 

to ensure the protection of the elite's monopoly rights. Thus the total earning of a nonelite 

household who joins the coalition is y = uja + rc, which makes him better off than a farmer under 

LS. The total level of monopoly rents generated by the coalition's capture of the LS is given by 

fin = p°x90Nc - ujaNc, (4.16) 

where 
o .(eoNA*-1 , . i r . 

Px = Pai> [-J-T- 1 (4.17) 

is the monopoly price of the composite input supplied by firm 0, and which is obtained by making 

use of (4.6) along with the market-clearing condition X a = 9QNC. Given the coalition size, Nc, 

under full-employment in the primary sector, we know that N a = 1 — Nc. Therefore, using (4.16), 

and (4.6) it can be shown that total monopoly rent is 

fio = paiP ( j Z j A 0ONC - ujaNc. (4.18) 

Equal sharing of the rent among members of the coalition implies that the per capita rent is 

fe = no/iVc, which, using (4.18), yields per capita rent as follows: 

rc = #a^of-^J -«.. (4-19) 

Using (4.19), we can therefore obtain the total earning, yc = u>a + rc, for a typical member of the 
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the elite's resistance to free enterprise. In the affirmative, the potential innovator then pays a 

bribe, <pNc, and duopolistic competition ensues in the sector; otherwise monopoly will prevail 

instead. Below, we formally characterize the two-stage game underlying the political economy of 

the industrial organization of the composite input sector. 

4.3.1. The Coalition Sub-Game 

This sub-game is played between the elite and the representative nonelite household invited to 

join, the elite must decide whether to impose LS as a tool for protecting their monopoly rights, or 

to yield to FE. If the elite plays the strategy FE, free enterprise is institutionalized, and perfect 

intersectoral mobility of labor then ensures that all households earn a wage UJ* defined in (4.12), 

and thus attain a level of utility In A defined in (4.15). 

By contrast, if the elite plays the strategy LS, they must form a strategic coalition of size 

Nc with a group of nonelite households if they are to effectively protect their monopoly rights. 

The representative nonelite household must then decide whether to accept the invitation to join 

the coalition (i.e., he plays the strategy "Yes") or reject it (i.e., he plays the strategy "No"). To 

emphasize the importance of the coalition, we assume that the elite's own size is too small for 

them to do it alone, so that if the representative nonelite household turns down the elite invitation 

to join the coalition, the eh te will earn 0 if they insist on playing LS, while the nonelite will each 

earn UJ*. But if the representative nonelite household accepts the invitation to join (i.e., he plays 

"Yes"), all coalition members (including the elite and the group of nonelite invited to join) will 

each earn u>a + rc and attain a level of utility In (uja + rc) defined in (4.21). 

Assume that the group of nonelite households invited to join the coalition decides whether or 

not to accept this invitation by balancing between (4.15) and (4.21). Let us denote as i? (pa, Nc) 

the net gain to the representative nonelite household from joining the coalition that secures the 

institutionalization of LS, when the optimal size of this coalition is Nc, and the magnitude of the 

technological superiority of the potential innovator is given by A = 9 \ / 9 Q . For the representative 

nonelite household invited to join the coalition, this net gain is the difference between the utility 

payoff from supporting LS (i.e., Ve (Oo,pa, Nc)) and the level that the household would have 

attained under FE (i.e., V* (9i,pa))'-

Î- (Pa, Nc) = Ve (0o,Pa, Nc) - V* ( 0 u P a ) . 
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Using (4.15) and (4.21), and rearranging, we can rewrite this net gain as follows: 

i . (p , , ^ c ) = ( l - V ' ) l n ( 1 ] v ^ c
1 ^ ) - l n A . (4.22) 

Several important observations can be derived from (4.22). First, if it exists, any relation between 

the net gain from joining the coalition and the agricultural terms of trade, p a , can only be indirect, 

acting through the optimal coalition size, Nc. Second, the net gain to a nonelite household 

from joining the coalition decreases with the coalition size: d$ /dN c < 0. This result is due to 

the requirement of equal rent-sharing among coalition members. Fourth, since In A > 0, if the 

coalition size, Nc, satisfies 

Nc > ip, (4.23) 

then the representative nonelite household will incur a welfare loss from joining the coalition 

that protect the elite monopoly right, compared to a situation where the FE is the institution 

regulating access in the composite input sector. However, condition (4.23) is only sufficient. 

Hence the following result: 

P ropos i t i on 4. There exists a threshold coalition size, n (A), such that LS is the unique equi-

librium of the coalition sub-game if and only if 

N c < n ( \ ) , (4.24) 

and FE is the unique equilibrium of this game, if and only if 

N c > n ( X ) , (4.25) 

and positive otherwise, where 

Condition (4.24) is the stability condition. It states that the coalition is stable if and only if 

its size lies below the threshold, n (A). Proposition 1 implies that the group of nonelite households 

invited to join the coalition will turn down the invitation if and only if the size of the coalition 
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needed to protect the elite's monopoly rights satisfies (4.25), in which case LS will be rejected. 

We are interested in the nature of factors that can cause condition (4.25) to obtain. For this 

purpose, we must compute the optimal elite size, Nc. The next sub-section is devoted to this 

exercise. 

4.3.2. The Entry-Deterrence Sub-Game under LS 

This sub-game is played between the potential innovator and the elite, if and when the elite choose 

to impose LS. Suppose therefore that LS is adopted in the coalition game. In this entry-deterrence 

sub-game, the potential innovator must decide whether to pay a bribe, (pNc, to break the elite's 

resistance to free entry into the composite input sector (i.e., he plays the strategy ("Yes") or stay 

out (i.e., he plays the strategy "No"). If the potential innovator plays the strategy "No", his 

payoff will be 0, and the elite monopoly in the sector will be consolidated, in which case their 

monopoly rents is fin. But if the potential innovator plays the strategy "Yes", in which case he 

pays the bribe, <pNc, entry will occur, and duopolistic competition will ensue, characterized by 

the following allocation of profits between the two firms: 

lie = p x 6 0 N ° - u 0
x N ° + <pNc (4.26) 

II* = PxOiNl-ulNl-ipNc (4.27) 

where N x denotes the number of workers employed by firm i, u>x, the wage rate paid to workers 

employed by firm i (i = 0,1), and 

fr-^GggTBg)1"*- <4-2 8» 
Note that the coalition size, JVC, affects the net profit earned by firm 1 owned by the potential 

innovator. Therefore, the elite know that an appropriate choice of coalition size can set Hi < 0. 

Only an inappropriate choice of elite size will maintain the duopoly. 

Since workers are assumed to be perfectly mobile across sector, and between firms, it follows 

that wages will be equalized across sectors: 

.j ., (e0N* + 6xNl\" , . „ . 
<»* = o>a = (l-1>)Pa(1_*NS_Nl) (4-29) 
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where 

u x = max{w° ,u4} . 

Furthermore, since f9i > 9Q, the highest wage in composite input sector will be UJX = UJX. 

For this duopolistic competition, it is common knowledge that if the elite adopt the hiring 

strategy, N x , the potential entrant's best response, B (N x ) , will satisfy: 

B ( J V j ) = a r g m a x n i ( J V i , i V j ) ) 

where 
/ i _ N° - N1 \ ^ V 

0 , (A*, N°x) = PaiP ( 6 o N o X
+ e i N ] ) W l - » l » l - * " * 

is obtained from (4.27) by substituting in (4.28), and 

(4.30) 

1 - N° - JV* = Na. (4.31) 

Assuming an interior solution, the best response, B (N x ) , is the value of N x that solves the 

following first-order necessary and sufficient condition for a maximum: 

i - Aff - ivj V ^ 
00 WO + 9,NX 

l ~ N ° x - N x ( l - ^ ) [ ( g i - g p ) ^ - f l i ] ^ 
90N2 + 9 1 N ^ [OoNS + OiNtf 

u i 
9lPai> 

Using (4.5) and (4.31) combined with the wage equalization condition (4.29), and rearranging, 

we can rewrite the above first-order condition as follows: 

A 
i f 

(Ari)V([^(A-l) + | ]^-^)iVA[l-(l + ^ ) N l = 0, (4.32) 

where, just to recall, A = 0i /9ry is a measure of the magnitude of the technological superiority 

of the potential entrant. Clearly, equation (4.32) is a second-degree polynomial in N x , and thus 

can be shown to admit two distinct roots. We argue that the best response, B (N x ) , is its unique 

positive root: 

B (JV*) 2A Tp\ -pN° x + J ( t p \ - p N 2 ) 2 + 
4A 
A 

! _ NO _ (Lz£ No 
x ipX x 

NS (4.33) 
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where 

P = Hx-D+l >o, 

since A > 1. 

Next, assume that all employees of the elite firm (i.e., firm 0) become members of the coalition: 

Nx = Nc. We can therefore re-write the potential innovator's duopoly profit as follows using 

(4.30): 
TT (AT „ ^ I-1 l - ' - c ; V " l I * V ) - " V J T C7„ , M l A O A \ 
n i (Nc,pa) = — T Z T T T T ^ P« ~ vNc, (4.34) 

\ T ( N c ) ^ 9 l - ( l - i P ) ] B ( N c ) 
\y(Nc)} 

where B (Nc) is obtained from (4.33) by substituting in Nx = Nc, and 

TIN) hzlkzim 
K c> 90Nc + 9 1 B(N c y 

Expression (4.34) above gives the elite all the information needed to ascertain the implications 

of their choice of size for the industrial organization of this sector. Indeed, to the extent that 

for the potential innovator, expending own resources to break barriers to entry is rational only 

when fi (Nc,pa) > 0 after entry, the coalition size, Nc, needed to successfully deter entry can be 

obtained as the solution to the following equation: 

ft(iVc,pa) = 0, (4.35) 

We refer to this solution as the optimal coalition size. 

P ropos i t i on 5. There exists a function £ (.) defined by Nc = £ (pa) such that for all feasible 

levels of p a , entry is effectively deterred if and only if 

Û[^ iPa ) ,Pa}=0 

where Nc = £ (pa). Furthermore £' > 0. 

Proof. The proof follows in three claims. First consider expression (4.34). Taking its partial 
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derivative with respect to Nc and p a , respectively, making use of the envelop theorem yields: 

KNC = 

Un 

dUy(Nx;Nc;uJa) 
duja 

1 - N c - N 1 

m B {Nc)+m + 
d U ^ N ^ N ^ u j g ) 

dNc 

* A V , _ ( 1 _ ^ ) 
Nc + AiV1 

where JV.J = B(NC). 

Cla im 1. t l N c < 0. 

To prove this claim, first, observe from (4.30) that 

dU1[B(Nc);Nc;uja} 

Nc + XNl ) { 6 o ) N * 

so that (4.36) reduces to 

n N c = - B ( N C ) 

duja 

'•«w+m 

-B(NC) 

d N l ' + 
dU1[B(Nc);Nc;uJa} 

dNc 

Second, it can be shown from (4.34) that 

011, f l - N c - B ( N c ) Y * 
= -PaV>(l ~ tp) dNc 90NC + 0XB (Nc) 

0XB (Nc) + 0o 
[00NC + 91B(NC)Y\ 

(4.36) 

(4-37) 

(4.38) 

9XB (Nc) - 4 > < 0 . 

Third, from (4.33), taking a first order Taylor series expansion of the function B(.) around 

Nc = 0, and rearranging, yields: 

B (Ne) xs xp2 - aN c , (4.39) 

where 

a = A 
[ ^ ( A - l ) - r 2 ] - - J 

Therefore, using (4.29) and (4.39), it can be shown that 

B(NC) d " a B ' ( N c ) + d U a 

d N y dNc 

- V - - 1 V>p„(l-VQ ( l - N c - B ( N c y 
[90NC + 9XB (Nc)}2 \0 0 N C + 9XB (Nc) > 
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where 

F(Nc) = - ^ [ l - a [ A ( l - Ne) + Nc] + (A - l ) B ( N c ) } . 

Observe then, that we can always choose (ip, A) such that F(NC) > 0 for all Nc > 0. Hence 

the result-

Claim 2. fiPa > 0. 

We prove this claim by construction. From (4.37), we know that t lP a > 0 means that 

I - * ' - * » 1 > I Z * . (4.40) 
Nc + XN* XrP ^ ' 

Rearranging (4.40) yields, 

Xip - NcXip - NlXip < [1 - xp) N e + [1 - ip] XNl 

Xip < NcXip-rNlXiP + l l - ^ N c + i l - t p j X N * 

1 > (^r)^+^+^-
Then, observe that Nc + N x < 1, otherwise the primary sector and the composite input 

sector do not coexist. Consequently, for A sufficiently large, 

^ -

Hence the result-

Cla im 3. There exists a function Ç (.) defined by N c = £ (pa), such that 

i l [ ( (p a ) ,p a }=0 

and £' > 0. 

Proof. The proof simply follows from the application of the Implicit function theorem given 

that flpfc < 0 and fiPa > 0. This completes the proof-

Proposition 2 states that improvements in the commodity terms of trade (i.e., a rise in pa) 

raises the optimal coalition size necessary to protect the elite's monopoly rights over the supply 
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of the composite input. The intuition underlying this result is quite straightforward and can be 

derived from expression (4.34). Improvements in terms of trade stimulate the demand for the 

composite input. This in turn raises the profit a potential innovator can earn by breaking into 

the sector, since fiPo > 0. A higher profit thus provides the potential innovator with the incentive 

to break the elite's resistance to free enterprise. Since I1A < 0, to discourage entry, the elite 

has no choice but to increase the coalition size, Nc, as this will cause a reduction in the profit 

anticipated by the potential innovator. 

Proposition 2 thus states that there is a relation between the optimal coalition size and 

the terms of trade of the agricultural commodity, and that this relation is negative. With this 

important result, we can now investigate the effect of agricultural terms of trade on the well-

functioning of agricultural input markets in SSA. 

4.3.3. Terms of T r a de a n d t h e P ro tec t ion of El i te ' s Monopo ly Righ ts 

We require that the two-stage game underlying the political economy of the industrial organization 

of the composite input sector be sub-game perfect. This implies that the game is solved by 

backward induction: first, we solve the entry deterrence sub-game; then, given the outcome of 

this game, we solve the coalition sub-game. 

Just to recall, Proposition 2 states that the coalition size that implements protection of the 

elite's monopoly rights over the supply of yield-enhancing inputs to farmers is strictly increasing 

in the commodity terms of trade. Sub-game perfect in this case implies that such coalition size 

is not feasible unless, in the first-stage game (i.e., the coalition sub-game), the group of nonelite 

households invited to join it gain from doing so. 

Consider therefore the net gain to the representative nonelite household of joining the coalition 

that protects the elite monopoly rights over the supply of the composite input, as defined in (4.22). 

Substituting in the optimal coalition size derived from the entry-deterrence sub-game yields the 

equilibrium net gain from joining the coalition as follows: 

d(p„) = ( l -1&)ln l A ( P a ) 
Z(Pa) 

+ Ç 
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where 

3(p„) = ti\Pa,Z(Pa)} 

ç , ( W ) l n ( - ^ - ) - l n A . 

Clearly, 

9 (Pa) < 0 

as an implication of Proposition 2. This implies that better terms of trade for the agricultural 

commodity tends to reduce the net gain from joining the coalition that protects the elite monopoly 

rights, while poor terms of trade tends to raise it. Hence the following proposition: 

P ropos i t i on 6. Poor agricultural terms of trade enhance the protection of the elite monopoly 

rights, while better terms of trade impede it. 

Because poor terms of trade lower the duopoly profit a potential innovator would have earned 

by breaking the elite's resistance to free enterprise, they cause the optimal coalition size to 

decrease. This, in turn raises the net gain to nonelite households from joining the coalition that 

protects the elite's monopoly rights. 

4.3.4. Te rms of T r a de a n d t h e P r i ce of t h e compos i te inpu t 

In this sub-section, we explore the effect the terms of trade have on the equilibrium price of 

the composite input, p x . If LS is adopted, so that the elite are successful at protecting their 

monopoly rights, then this price is as given in (4.17). Since Nc = £(pa) , so that in equilibrium, 

total employment in the farming sector is 7Va = 1 — £ (pa), the equilibrium price of the composite 

input can be rewritten as follows: 

P°x = Paip 
l - t i P a ) ] 1 ^ 
0ot(Pa) J 

Terms of trade thus have two opposite effects in the price of the composite input: a direct 

effect— which is positive—, and an indirect effect— which is negative. This effect is given by 
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straightforward differentiation as follows: 

dpa 
1 ( l - ^ ) P a ^ ( P a ) 

[ l - £ ( P a ) U ( P a ) 
1 -^ (P«) 

"I 1—-0 

«oe(p.) V;. 

Which of these two effects is dominant, therefore has implications for the efficiency of the market 

for agricultural inputs. 

Define 

CN/p = ? (Pa) e(P«) 

as the point elasticity of the coalition size with respect to terms of trade of the agricultural 

commodity. Then, it can be shown that 

dPa 
< [1 - (1 - ip) eN/p] l - t ( P a ) 

8ot(Pa) J 

1 - J / I 

1>-

In other words, the indirect (negative) effect dominates the (direct) positive effect if 

e N / p > l - l p 
(4.41) 

Hence our final result: 

P ropos i t i on 7. If for all feasible p a , condition (4.41) holds, then poor terms of trade raise the 

price of the composite input, while better terms of trade depress it. 

Condition (4.41) states that the coalition size needed to protect the monopoly rights is suffi-

ciently elastic with respect to terms of trade of the agricultural commodity. When this condition 

holds, Proposition 4 implies that poor terms of trade for agricultural commodities (i.e., a decrease 

in pa) contribute to the persistence of inefficient agricultural input markets in SSA, which in turn 

impedes the adoption of yield-enhancing farming practices. Poor commodity terms of trade 

therefore represent an important challenge to agricultural development in this sub-continent. 

4.4. Concluding R e m a r k s 

We have studied how commodity terms of trade affect agricultural transformation in countries 

where farming is carried out predominantly by the nonelite population. We endogenize the 
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industrial organization of the sector that supplies yield-enhancing inputs to farmers. The political 

economy underlying the choice of the market institution regulating the supply of these agricultural 

inputs is the mechanism through which this industrial organization was endogenized. We model 

this political economy as a two-stage game involving the elite, a group of nonelite households, and 

a potential innovator. The first stage— the coalition game— is played between the elite and the 

group of nonelite households invited to join the coalition needed to protect the elite monopoly 

rights over the supply of yield-enhancing inputs to farmers. The second stage game— the entry-

deterrence game— is played between the potential innovator and the elite. We incorporated the 

outcome of this two-stage game in a two-sector general equilibrium model, in order to explore 

the effect agricultural terms of trade have on the adoption of yield-enhancing practices by SSA's 

farmers. We showed that these effects work through the functioning of the market for yield-

enhancing inputs, as this functioning affects the efficiency with which these inputs are supplied. 

We demonstrated that poor terms of trade encourage the emergence of inefficient monopolies in 

the market of yield-enhancing inputs: in addition to the usual allocative inefficiencies associated 

with monopolies, poor terms of trade also cause the agricultural input market to experience an 

efficiency loss due to the use of less productive technologies in the sector that supplies these 

inputs. In particular, we argued that poor terms of trade lower the optimal coalition size needed 

to effectively deter entry of potential innovators in the sector supplying yield-enhancing inputs. 

Our study highlights a combination of two important factors as the explanation of the inade-

quate use of yield-enhancing inputs in SSA. These factors are: the over-representation of nonelite, 

smallhold, farmers in agriculture, and poor agricultural terms of trade. 

While institutions are important for all types of economic activity, we focused on those organiz-

ing the market for yield-enhancing inputs, following Parente and Prescott (1999), and Acemoglu 

and Robinson (2000), because of the sector's critical importance to agricultural development. Our 

paper complements the literature citing weak institutions as a cause of economic stagnation by fo-

cusing on the case of countries basing their development strategy on specialization in agriculture. 

Our main point is that where agriculture is a source of livelihood for the nonelite, poor terms of 

trade may pose a serious challenge to structural transformation. The model that produced these 

results is simple and stylized, but it captures the economic forces behind inefficient agricultural 

input markets. 
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5. Conclusion 

Étant donné l'importance de l'agriculture dans les pays pauvres, les téléphones portables peuvent 

jouer un rôle crucial dans la lutte contre la pauvreté. L'accès aux informations est crucial pour 

les producteurs afin de pouvoir arbitrer de façon optimale. La diffusion à grande échelle des 

téléphones portables permet d'améliorer la performance du marché et d'accroître en conséquence 

le bien-être général. Le premier essai de la présente thèse donne un cadre global d'analyse des 

effets potentiels de la diffusion des téléphones portables sur le fonctionnement des marchés et 

le bien-être. Il présente aussi les possibilités des effets négatifs de la diffusion asymétrique des 

téléphones portables qui peuvent aggraver les inégalités existantes. 

Le potentiel que représentent les téléphones portables en tant qu'outils stratégiques pour 

améliorer le fonctionnement des institutions démocratiques est aussi analysé. A l'instar des ré-

centes révolutions dans les pays arabes, l'exploitation à grande échelle des téléphones portables 

renforce la voix de la communauté pour booster le changement politique et l'évolution institution-

nelle. Le second essai de la présente thèse constitue un point de départ pour explorer de manière 

systématique les effets de la diffusion des téléphones portables sur la démocratie. Nous trouvons 

une corrélation positive forte entre l'adoption des téléphones et les libertés civiles et une absence 

de corrélation avec les droits politiques. Ainsi, les pays avec plus de téléphones ont aussi plus de 

libertés civiles, mais n'ont pas plus (ou moins) des droits politiques. 

Alors que les institutions sont importantes pour tous les types d'activités économiques, nous 

nous sommes concentrés dans la dernière partie de la thèse sur celle qui organise le marché des 

intrants nécessaires à l'amélioration des rendements agricoles en raison de l'importance cruciale 

de ce secteur dans le développement agricole. Notre analyse complète la littérature en soulignant 

la faiblesse de l'institution comme une cause de la stagnation économique en se concentrant 

sur le cas des pays de l'Afrique Subsaharienne qui fondent leur stratégie de développement sur 

la spécialisation dans l'agriculture. Le point principal du chapitre est que lorsque l'agriculture 

est une source de subsistance pour les non-élites, de mauvaises conditions de l'échange peuvent 

poser un défi important à la transformation structurelle. Le modèle qui a produit ces résultats 

est simple et stylisé, mais il capte les forces économiques derrière l'inefficacité des marchés des 

intrants agricoles. Nous soulignons la combinaison de deux facteurs importants comme explication 

de l'utilisation inadéquate des intrants. Ces facteurs sont: la surreprésentation des non-élites, des 
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petits exploitants dans l'agriculture, et les mauvais termes de l'échange agricole. Nous avons 

avancé que l'amélioration des termes de l'échange agricole peut être ainsi un défi important pour 

la transformation structurelle des pratiques agricoles en Afrique subsaharienne. 
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