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Good morning, and thank you for giving me the opportunity to present here at the IAAE Conference, at this session on ICT Innovation in Africa.  It is an honor for me to be speaking today, not only because I feel passionately about this topic, but because as the theme of this conference is about growth in the face of the financial crisis, as well as longer-term structural challenges in Africa and Asia, I feel that the ICT sector is an area of enormous growth that can greatly benefit the rural and urban poor.The title of my paper is “Information from Markets Near and Far:  Mobile Phones and Grain Markets in Niger.” 



Motivation

 Costly information can make it difficult for 
market agents to engage in optimal arbitrage

 Excess price dispersion for homogeneous goods 
is a common occurrence in developed and 
developing countries (Stigler, JPE 1961, Brown 
and Goolsbee, JPE 2002, Jensen, QJE 2007)
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Economists have long recognized the importance of information for the efficient functioning of markets. In fact, two of the most important theorems in economics - the First Fundamental Welfare Theorem and the “Law of One Price” -- rely heavily upon the assumption that agents have the necessary information to engage in optimal arbitrage, and that this information is symmetric.In reality, however, information is rarely symmetric or costless.  As a result, market actors are often unable to engage in optimal arbitrage, and excess price dispersion (even for homogeneous goods) may arise, especially in developing countries.  In this context, a new search technology can have important implications for market agents’ search behavior and hence market performance.



Motivation

Presenter
Presentation Notes
Now, the issue of costly search is more than a theoretical one, because it can have important implications for market performance and hence welfare in developing countries.  In this paper, I take the specific case of Niger, a landlocked country located in sub-Saharan Africa with a population of 11 million, and one of the poorest countries in the world.  Grains – primarily millet – play an important role in producer and consumer welfare in the country.  Millet is produced in almost every agro-ecological zone, and represents over 75 percent of consumers’ caloric consumption.  This shows some pictures of millet in its different forms, from production to transport to storage to consumption.  .



Motivation
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Grains are bought and sold through a system of traditional cereal markets that run the length of the country, which is three times the size of California.  This map shows the geographic location of grain markets throughout the country.  The average distance between these markets 389 km, but distances between markets for which trade occurs can range from 10 km to over 900 km.



Motivation

Bakin Birgi 
(Monday)

Zinder 
(Thursday)

Tanout 
(Friday)

65 km~3 
hours

20 km~1 
hour
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Typically, grain traders searched for the best sales price by traveling to these markets. This is Abdoulaye, a grain wholesaler whose home market is Bakin Birgi, to the far East of the country. In 2003, Abdoulaye could either sell in his principal market (where he knew the price), or travel to the alternative markets of Zinder and Tanout to learn the market price.  In doing so, Abdoulaye not only incurred the cost of travel, but also the opportunity cost of his time.  



Motivation

Bakin Birgi 
(Monday)

Zinder 
(Thursday)

Tanout 
(Friday)

65 km~2 min

Niamey 
(Sunday)

20 km~1 hour

750 km~2 min

Presenter
Presentation Notes
By 2004, cell phone towers were introduced into some of Abdoulaye’s markets.  Now, instead of traveling to markets to learn the price, he was able to call his commercial or social contacts in those markets.  In addition, Abdoulaye could now call other markets – perhaps those that were farther away, such as the capital city (Niamey), but which were connected by cell phones.  In theory, then, cell phones should have reduced Abdoulaye’s marginal search cost, thereby allowing him to search over a larger number of markets and to search more quickly.



Motivation
“[With a cell phone], in record time, I have all sorts of 

information from markets near and far…”
Grain trader in Magaria, Niger

“[Now] I know the price for US$2, rather than traveling (to the 
market), which costs US$20.”

Grain trader in Zinder, Niger
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In reality, this is what happened.  This fact is supported by the grain traders themselves:  



Motivation
 Goal: Assess the impact of a new search technology 

on grain market performance in Niger
Develop a simple model of trader search 
Exploit the quasi-experimental  rollout of cell phone 

towers to measure their impact on grain price dispersion
Investigate alternative hypotheses and mechanisms 

 Two Datasets
Market-level time series (monthly) panel 1999-2006
Unique trader panel collected between 2005-2007
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The main goal of this research is to assess the impact of a new search technology – cell phones -- on grain market performance in Niger.I assess this in three ways.  First, I build upon the consumer search theory literature to develop a theoretical model of trader supplier search, and derive two testable hypotheses.  I test these theoretical predictions by exploiting the quasi-experimental rollout of cell phone towers to measure their impact on grain price dispersion.Finally, I go beyond a simple estimate of the treatment effects at the market-level to identify the mechanisms through which this new search technology affects price dispersion and to address alternative hypotheses.As the main focus of this paper is empirical, my empirical applications rely upon two primary datasets, which I collected over an 18-month period.  The first is a time series panel at the market level for 1999-2006, and the second is a unique and detailed panel survey of traders, farmers, transporters and market resource persons collected between 2005-2007.



Preview of Findings
 The introduction of cell phones is associated with a 

decrease in price dispersion across grain markets
The effect is stronger for isolated markets and those 

with poor quality roads, and as a higher percentage of 
markets receive cell phone coverage

 Traders in cell phone markets search more and sell 
in a larger number of markets
 Cell phones are associated with welfare gains for 

traders and consumers
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To give you a preview of the findings:  First, the introduction of cell phones is associated with a decrease in price dispersion across grain markets, averaging between 6-20% as compared to control groups in the pre-treatment period. This effect is stronger for isolated markets and for those with poor quality roads, and gets larger over time.  The primary mechanism behind this market-level effect appears to be a change in traders’ search behavior.  Traders in cell phone markets search more, and sell in a larger number of markets.And finally, some cursory welfare estimates suggest that there are welfare gains for consumers and traders.



Cell Phone Rollout
 Between 2001-2006, cell phone towers were 

phased-in throughout the country

 Cell phone companies (Celtel, Sahelcom, Telecel) 
intended to provide universal coverage by 2009 

 There were two criteria to prioritize the rollout:  
Whether the town was an urban center
Whether the town was located near a border (Benin, 

Burkina Faso, Mali and Nigeria)

Presenter
Presentation Notes
In 2001, cell phone companies began constructing cell phone towers in parts of Niger, and towers were “rolled out” throughout the country between 2001-2006 (this continues today). The companies intended to provide universal coverage by 2009, but, due to capital constraints and uncertainty over demand, the companies used two criteria to prioritize the rollout:Whether the town was an urban centerWhether the town was located near a border.These criteria are exogenous to the location, size and importance of cereal markets; for example, the correlation between market size and whether it is an urban center is .09.These criteria give us an observable estimate of the selection decision. There are 10 urban centers in Niger.Note:  This is unlike the paper by Buys, Dasgupta, Thomas and Wheeler, which finds that slope and elevation are important.  



Cell Phone Coverage by Market and Year, 2006
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This changed significantly in 2004/2005 and 2005/2006, when there was a huge expansion:  By the end of the 2004/2005 marketing season, 55 percent of markets had coverage, and by the end of 2006, almost 76 percent of grain markets had coverage.    



Linking the Model to the Data

 Cell phones require an initial fixed cost but 
reduce the per-search cost as compared to 
personal travel
 50 percent reduction in traders’ (marginal) search 

costs

 Therefore, the introduction of cell phones will:
 #1. Increase traders’ reservation prices (unobserved)
 #2. Increase the number of markets over which 

traders search
 #3. Reduce dispersion of millet prices across markets
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Now, linking the model to the data is straightforward.  With the introduction of cell phones, there is a fixed cost of purchase, but this lowers the per-search cost as compared with personal travel.  Concretely, marginal search costs reduced by 50 percent with the introduction of cell phones.  As this represents a fall in search costs for the trader, we posit that the introduction of cell phones will lead to the following results:Increase traders’ reservation prices (unobserved)Increase the number of markets over which traders searchReduce dispersion of millet prices across marketsI test the latter two theoretical predictions in the model. 



First Dataset:  Market-Level Panel
 Monthly cereal prices in 42 domestic and cross-border 

markets between 1999-2006
 Department-level rainfall and cereal production
 Trade flows (directions) between key markets 
 Monthly gasoline prices
 Estimated transport costs between markets
 Village and town population and urban status
 Road distances, road quality and estimated travel times 

(time-invariant)
 Criteria used by cell phone companies for cell phone 

rollout
 Date of cell phone entry in each market
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To test the theoretical predictions of the model, I rely upon two primary datasets.  The first dataset is a detailed time-series panel dataset of grain prices, transport costs rainfall and cell phone coverage in Niger, which I collected from secondary sources over an 18-month period The first is a rich dataset of prices, transaction costs, agricultural production and rainfall, obtained from secondary sources in Niger.  This dataset includes monthly cereal (millet and sorghum) data over a ten-year period (1996-2006) across 42 domestic and cross-border markets in Niger.  Note that there are N markets but N(N-1)/2 market pairs



Second Dataset:  Trader Panel

 Panel survey of traders, farmers, market 
resource persons and transporters collected 
between 2005-2007
 415 traders across 35 markets in 6 regions of 

Niger
 Census of grain markets and grain traders on 

each market
 Detailed data on traders’ operations, with 

retrospective questions for 2004/2005 
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The second dataset is a unique and detailed panel survey of traders, farmers, transporters and market resource persons that I collected in Niger between 2005-2007.  The survey contains responses of 395 traders located in 35 markets across six geographic regions of Niger.  Prior to data collection during the 2005/2006 marketing season, I developed a census of all grain markets, and markets were randomly sampled based upon the criteria of geographic location, market size and food crisis “status” in 2005.  Within each market, I conducted a census of all grain traders operating on the market that day, noting the type of trader and the gender.  Using these census data, I selected a stratified random sample of traders We (as a team) asked detailed data questions on traders’ operations between 2005-2007, with retrospective questions for 2004/2005Over 98.5 percent of traders interviewed during the first phase also participated in the second phase (with attrition primarily due to illness, death or travel to Mecca for the Hadj).  Consequently, attrition is not a major concern.



Summary Statistics

Panel A:  Trader-Level Characteristics Sample Mean (s.d.) # of obs
Ethnicity (Hausa ethnic group) 0.65 395
Age 45.71(12.2) 395
Gender(male=0, female=1) 0.11(.32) 395
Education (0=elementary or above, 1=no education) 0.62(.48) 395
Trader type (retailers) 0.53 395
Years' of Experience 16.0(10.2) 395
Trade in agricultural output products only 0.98(.02) 395
Changed "principal market" since he/she became a trader  .10(.31) 395
Number of days of storage  7.14( 9.8) 395
Own cell phone  .29(.45) 395
Own means of transport (donkey cart, light transport)  .11(.32) 395
Panel B.  Market-Level Characteristics
Number of traders  137(99.6) 35
Road quality (1=paved road, 0=otherwise)  .71(.45) 35
New paved road in past 5 years .15(.37) 35
Located in an urban center (>35,000 people)  .39(.48) 35
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This table describes some key trader and market-level variables from the panel data survey.Two aspects of the trader survey data are noteworthy.  First, traders are mainly male, but there are 11 percent female traders, including wholesalers.Second, traders have high illiteracy rates, with over 62 percent of them having no education.Nevertheless, they have significant experience – over 16 years.And finally, grains traders in Niger trade primarily in agricultural outputs (as opposed to inputs or livestock), have limited commercial assets and store for less than one month.  Second, traders’ commercial operations are self-reported and retrospective for 2004/2005 



Empirical Strategy

 Part I:  Assess the impact of the introduction of 
cell phones on grain market performance

 Part II:  Estimate the mechanisms behind the 
market-level (treatment) effect
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To empirically test the predictions of the model, we use a two-part empirical strategy.  First, we exploit the quasi-experimental nature of cell phone rollout to identify the impact of information technology on grain market performance in Niger, and in particular price dispersion.  I implement a series of robustness checks and look at alternative explanations for these findings, before measuring the mechanisms behind the treatment effect.



Empirical Strategy:  Part I 
 Assess the impact of the introduction of cell phones on 

grain price dispersion across markets
 “Treatment” defined as a cell phone tower, not adoption
 Use market-level time-series panel dataset

 Exploit the quasi-experimental nature of the rollout of 
cell phone towers
 Pooled and yearly difference-in-differences estimation
 Treatment effect heterogeneity over time and space

 Robustness checks 
 Control for potential bias of the estimates
 Check consistency of standard errors using non-parametric 

permutation tests and dyadic-corrected standard errors
 Test for alternative explanations
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During the first part of the empirical strategy, the treatment is defined as a cell phone tower (when the tower was operational), not cell phone adoption. In essence, I am assuming that the moment that the cell phone tower became operational in that market, all of the market actors had access to information (even if they did not own a cell phone). Based upon observations in these markets, this is a valid assumption.  This part of the empirical strategy is based upon the market-level time series panel. To do this, I exploit the quasi-experimental nature of the rollout of cell phone towers to estimate a multiple period DID with pooled treatment (defined as ever treated). Then, recognizing that that the treatment effect might not be homogeneous, I assess treatment effect heterogeneity over time and space, allowing for group-specific time trends and interactions between the treatment and a variety of variables, such as the percentage of markets treated, distance and road quality.  Obviously, since cell phone towers were not randomly assigned, I am concerned about various types of selection bias, as randomization ensures that our treatment assignment is independent of the outcome (although a quasi-experiment implies that the treatment is forced for reasons unrelated to the outcome).  The first is potential selection bias. To do this, I conduct a series of robustness checks, first controlling for selection bias via matching before looking for alternative mechanisms.  



Estimating the Impact of Cell 
Phones at the Market Level

Yij,t absolute value of price difference between market i and market j at time t*
Cellijt 1 if the market pair received cell phones in period t, 0 otherwise
Transportijt per unit/per km fuel * distance 
Droughtijt markets i and j at time t
θt time effects (monthly or yearly)
aij market-pair specific effects
uijt error with 0 conditional mean, E[uijt|cellijt,Zijt, a ij, θt]=0
t time in months, t=1…84
N number of market pairs

*Alternative measures of price dispersion and the treatment variable are used
*Lagged dependent variable correcting for endogeneity using Arellano-Bond

Zij,t

 tijtijtijtijtij uaZcellY ,,,2, +++++= θγβα

Presenter
Presentation Notes
The base estimating equation is the following, using a “multiple period panel” (Wooldridge).While there are a variety of measures of dispersion used in the consumer search literature, the primary dependent variable is the absolute value of the price difference between market i and market j at time t, regressed on:A cell phone variable, defined as unity for groups and time periods subject to the policy, which “replaces” the interaction term in a difference-in-differences framework.  This imposes the restriction that the policy has the same effect in every year, which can be relaxed.  A set of exogeneous regressors that affect the dependent variable, some of which vary over time.  These include a measure of transport costs, the market size, the road quality and whether the markets were affected by a drought.A set of time period dummies (either yearly or monthly), market-pair specific effects (unobservable).  The time dummies are time fixed effects, controlling for unobserved time-varying characteristics (such as a shock to supply or preferences) that could affect price dispersion.  The parameter of greatest interest is parameter on cell.  As this is DD estimation, the key identifying assumption is that in the absence of the introduction of mobile phone service, there would have been no differential changes in the outcomes across these market pairs over time. I also include alternative specifications of the dependent variable and also different specifications of the treatment effect – ie, both markets treated, one market treated, no markets treated.  Note that the number of markets is 42, so there are 42 choose 2 combinations =861.  However, since we only want the undirectional market pair, we divide this into two – so we get 430 market pairs.  And finally, we also do separate treatments by year – rather than pooled.Now, because I am potentially concerned about the time series properties of the dataset, I take the first difference of this equation.  



Balance of Pre-Treatment Variables

Difference
Pre-Treatment Observables Cell Phone No Cell Phone Unconditional

Mean (s.d.) Mean (s.d.) s.e.
Panel A.  Market Pair Level Data

Price dispersion between markets (CFA/kg)  20.72 (16.9) 22.14 (16.49) -1.73 (1.92)

Distance between markets (km) 377.3 (217.5)  378.64 (227.65) -.447 (24.8)

Road Quality between markets 0.418 (.493) .318 (.465) .100*(.052)

Drought in 1999 or 2000  .013(.114)  .019 (.137) -.006(.004)

Urban center(>=35,000) 0.169 (.374) 0.000 (.001) 0.169***(.020)
Transport Costs between Markets (CFA/kg)  12.73 (6.89) 12.74 (7.12) 0.013 (.771)
Panel B.  Market Level Data

Road Quality to Market 0.629(.483) .5(.5) .129(.271)
Market Size 103.11(79.65) 101.75(45.5) 1.361( 27.8)
Drought in 1999 or 2000 0.148(.355) 0.25(.435) -.101(.134)
Urban center(>=35,000) 0.407(.491) 0(.00)  .407***(.096)

Table 2.  Comparison of Observables by Treated and Untreated Groups in Pre-Treatment Perio
Unconditional Mean
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Now, random assignment would ensure that we have balance in the observed and unobserved pre-treatment covariates.  In order to assess the assumption of “as good as” random assignment, the first thing that we do is test the difference in means and distributions for the outcome variable and pre-treatment covariates in order to show that we have balance in our observables.   The test of the pre-treatment covariates appear to support these claims.  The average price difference between the markets is 20-22 CFA/kg; this represents about 10-20 percent of the average consumer sales price in Niger. Unsurprisingly, the only pre-treatment covariates that are different are the percentage of market pairs that are urban centers and road quality.  The difference between urban centers is unsurprising, since the cell phone companies used this as a criteria.  This suggests that selection bias could be a lower order concern.These results are also supported by comparing the mean differences with the standard deviations, and the equality of distributions using the Kolgomorov-Smirnov test.  Overall, this suggests that the groups are well-balanced, and we might have “as good as” random assignment.  Unsurprisingly, the only pre-treatment covariates that are different are the percentage of market pairs that are urban centers and road quality.  The difference between urban centers is unsurprising, since the cell phone companies used this as a criteria.  This suggests that selection bias could be a lower order concern.These results are also supported by comparing the mean differences with the standard deviations, and the equality of distributions using the Kolgomorov-Smirnov test.  Overall, this suggests that the groups are well-balanced, and we might have “as good as” random assignment.  



Average Effects of Cell Phones
Cell phones are associated with a -1.42 to -4.7 CFA/kg reduction in 
price dispersion (6.5-22 reduction in price dispersion)

Dependent variable (1) Pit-Pjt (3) Pit-Pjt (4) CV (5) Pit-Pjt

Cell Phone Dummy (both treated)
-4.65***

(1.06)
-4.77***

(1.06)
-.039*
(.020)

 -1.42*
(.863)

Common Time Trend Yes Yes Yes Yes
Group-specific time trend No Yes Yes Yes
Market-Pair Fixed effects Yes Yes Yes Yes
Yearly time dummy Yes Yes Yes Yes
Monthly time dummy No No No Yes
# of observations 27342 27342 2393 27342
R2 0.0075 0.0075 0.0879 0.1003
Pre-treatment value for control 
groups 22.14 22.14 0.312 22.14
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Now, in running the multiperiod DID with pooled treatment, we find that cell phone towers are associated with a reduction in price dispersion, measured by price differences or the CV.Column 1 shows that cell phones are associated with a negative (-4.6 CFA/kg) and statistically significant reduction in price dispersion across markets, indicating that price dispersion between markets with cell phone coverage is 21 percent lower as compared to pre-treatment price dispersion in non-cell phone markets. This result is robust to including market-pair specific time trends (the random trend model, using fixed effects).  .The third column uses an alternative (market-level) measure of market performance, the intra-annual CV for market i.  Cell phone towers are associated with a .039 and statistically significant reduction in the CV, implying that the intra-annual price dispersion is 10 percent lower in markets with cell phone coverage.  This suggests that consumers located in cell phone areas are subject to relatively lower intra-annual price risk.Once 84 monthly time dummies are included, the magnitude and significance falls significantly, to 1.42 CFA/kg.  Nevertheless, given that these are first differenced, which reduces a great degree of cross-sectional variation in the treatment, this is unsurprising.  However, this suggests that even the most conservative estimate of the treatment effect is a 6 percent reduction in price dispersion across markets.In the paper, I allow a potential lagged variable to be included.  Nevertheless, it is reasonable to assume that the outcome variable of grain market performance, , does not adjust instantaneously, and depends upon market performance in a previous period. In this case, the model should include a lagged dependent variable, known as a vector autoregressive regression (VAR). As the inclusion of a lagged dependent variable with fixed effects induces an endogeneity problem, we control for endogeneity by using the Arellano-Bond Generalized Method of Moments (GMM) estimator.  The findings show that the lagged dependent variable is negative and statistically significant, suggesting that market prices take approximately 2 months to adjust.  The joint effect is statistically significant at the 1 percent level. Now, the ATE is identified if both comparison group biases (for the treated and untreated) are zero.  If this isn’t the case, and the y0 comparison group bias is zero, then the ATE is identified.. If selection on observables holds for both comparison groups, it’s ATE.  If it holds only for y0, then it is ATT.  



Heterogeneous Effects

Distance

550 km100 km

-2.81 CFA/kg

-4.18 CFA/kg
Price dispersion
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Pooling the treatments measures the average impact of cell phones on price dispersion assumes a homogenous treatment effect.   Nevertheless, we can also examine how the impact of cell phones varies across time and space.  To identify treatment effect heterogeneity across space, we interact the cell phone treatment with  distance and road quality When adding in an interaction term for distance, there is a negative (and nonlinear) relationship between cell phones and distance, suggesting that cell phones have a stronger impact upon price dispersion for those markets that are farther apart. (Here, distance dummy =1 if markets are greater than 350 km apart)To further disentangle the nonlinear relationship between cell phones and distance, we split the sample into short haul (less than 100km), medium haul (100-550 km) and long haul (>550 km) market pairs.  Cell phones have a negative effect on price dispersion for short- and medium-haul markets, although this effect is strongest and statistically significant for medium-haul markets.  This suggests that cell phones are more useful when markets are farther apart, but that there is a diminishing marginal effect of cell phones on price dispersion after a maximum distance.The results are similar when interacting cell phones with road quality (Column 8).  Cell phones have a stronger impact on price dispersion for markets with unpaved roads, and the joint effect is statistically significant at the 1 percent level.  Splitting the sample between paved and unpaved roads (Columns 9 and 10), cell phones are associated with a -3.6 CFA/kg reduction in price dispersion for markets with unpaved roads.  A Chow test for the joint significance of the split sample is F(11, 432)=5.34, allowing us to reject the hypothesis that there is not a statistically significant difference between the samples.  �



Alternative Explanations and 
Mechanisms

 Hidden bias (conditional independence 
assumption)
 General equilibrium effects (SUTVA 

violation)
 Collusive behavior and entry and exit
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A central concern with such estimates is whether there are alternative explanations for the empirical results.  Specifically, one may question the assumption of selection on observables and the non-existence of general equilibrium impacts.  In addition, excess price dispersion could arise for other reasons, such as an uncompetitive market structure, high transactions costs or credit market failures.We next provide empirical evidence in support of specific mechanisms that partially explain the impact of cell phones on market performance.  We first explore alternative explanations of our results before investigating the ways in which traders’ behavior changes in response to the introduction of cell phones.�



Empirical Strategy:  Part II
 Assess the impact of cell phones on traders’ 

behavior
“Treatment” defined as a cell phone tower, not adoption
Use trader-level panel dataset

 Exploit the quasi-experimental nature of the rollout 
of cell phone towers
Pooled difference-in-differences estimation

 Robustness checks 
Control for selection bias via matching and bounding 

the treatment effect



Estimating the Impact of  Cell 
Phones on Traders’ Behavior

Yij,t outcome of trader i in market j at time t (number of markets 
searched, number of market contacts, number of sales markets)

Cellijt variable =1 if the market received cell phones in period t, 0 
otherwise

Xijt vector of exogenous regressors of trader i in market j at time t
Zijt vector of exogenous regressors of market j at time t
θt time effects (year)
uijt error with 0 conditional mean, E[uijt|Zijt, Xijt, ai, aj, θt]=0
t time in years, t=2004/2005, 2005/2006
N number of traders, N=395

 tijttjtijtjtij uZXcellY ,,,,1, +++++= θγδβα
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The theoretical framework of sequential search derived some partial equilibrium predictions for traders’ behavior in response to a change in search costs.  Until now, we have assumed that reductions in price dispersion are driven by changes in traders’ search behavior.  An investigation of alternative explanations appears to support these results, but we need to test this empirically using the trader-level data. In order to measure the impact of cell phones on traders’ behavior, we estimate the following equation, which is analogous to our market-level equation.All of the outcome variables in this equation are either binary or non-negative count variables that take on relatively few values.  For binary dependent variables, we use probit maximum likelihood estimation.  For the count variables, we use Poisson maximum likelihood estimation.  However, we also provide the OLS estimates for comparison. �[1] If the assumption of a Poisson distribution is not valid, the analysis is a quasi-maximum likelihood estimation (QMLE).  We will still get consistent and asymptotically normal estimators whether the Poisson distribution holds.  However, if the Poisson variance assumption does not hold, then we need to adjust the Poisson MLE standard errors.[2] Although we cannot directly compare the magnitude of the Poisson estimates with the OLS estimates, we can provide a rough comparison. 



 Concern about potential selection into cell phone markets
Differences in traders’ behavior might be the result of pre-

treatment characteristics that caused traders to “self-select” into 
a cell phone market

 Traders’ self-selection into cell phone markets seems 
unlikely:
Number of traders per market did not vary (significantly) 

between 2004-2007 (period of cell phone expansion)
Only 10 percent of traders surveyed have changed their 

“principal market” since they began trading

Self-Selection into Cell Phone 
Markets
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Similar to the market-level identification strategy, the fundamental empirical problem that we face is that we cannot observe a trader’s outcomes had or she not received “treatment”—in this instance, a cell phone tower.  In particular, we are concerned that differences in traders’ behavior might be the result of pre-treatment characteristics that led traders to “self-select” into a cell phone market.  To deal with this potential endogeneity, we look for situations whereby a traders’ location in a cell phone market is independent of his or her behavior, conditional on observed pre-treatment variables. The market- and trader-level data suggest that endogenous selection into cell phone markets did not occur at the trader level. As previously discussed, the cell phone companies used specific criteria for cell phone rollout, which were not determined by or strongly correlated with market or trader characteristics.  Empirical tests conducted throughout this paper have shown that selection on unobservables is not an overwhelming concern at the market level.Furthermore, traders’ “self-selection” into cell phone markets does not seem likely.  Based upon the trader censuses conducted between 2004-2007, the number of traders per market did not vary significantly on an inter-annual basis.   This coincides with the period of significant expansion in cell phone coverage, and one during which we would expect to find trader “sorting” if it were to occur.  Second, according to the trader-level data, only 10 percent of all traders surveyed changed their “principal market” since they began trading.  Compared to average number of years of experience (16 years), this suggests that traders do not quickly or easily change their principal markets.  This is not surprising, as most traders operate in the market that is the closest to their home village.  Among those traders who did change their principal market, there is no statistically significant difference in means between traders located in cell phone and non-cell phone markets.  In fact, a higher percentage of traders actually relocated to a market without a cell phone tower.



Trader-Level Outcomes

Probit Estimate

Dependent variable:
Coeff 
(s.e.) %∆

Coeff 
(s.e.)

Coeff 
(adj s.e.)

Coeff (df/dx) 
(s.e.)

Coeff
 (s.e.) %∆

# of Markets Searched
 .91**
(.46) 26.26%

 .22**
(.11)

.22**
(.05)

.91**
(.47) 26.49%

# of people consulted for 
market information

1.5***
(.50) 39.95%

.33***
(.11)

.33**
(.08)

1.7***
(.71) 45.14%

Use personal contacts to obtain 
market information

 .07***
(.02) 7.99%

 .61***
(.09)

 .07*
(.04) 7.57%

Change sales markets
 (Yes=1, 0=No)

.08
(.06) 57.14%

.08*
(.05)

.09*
(.05) 64.29%

# of Sales Markets
 1.02**

(.71) 25.37%
.22**
(.09)

.22***
(.02)

1.13*
(.70) 28.04%

OLS Estimate Poisson Estimate Nearest Neighbor 

Search in .91 more markets Sell in one more market
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Based on the OLS estimates, traders in cell phone markets search in .91 more markets, implying a 26 percent increase as compared to traders located in non-cell phone markets.  This confirms our theoretical prediction that a reduction in search costs would lead to an increase in the expected number of markets over which traders search. The Poisson coefficient is also positive and statistically significant (Column 2), suggesting that cell phone coverage is associated with a 22 percent increase in the number of markets over which traders search.Cell phone coverage is also associated with an increase in traders’ contacts; the OLS coefficient suggests that traders in cell phone markets consult 1.5 more people for market information as compared to their non-cell phone counterparts. Traders in cell phone markets are 8 percent more likely to change their sales markets inter-annually, although the coefficient estimates are only statistically significant for the probit regression.  Finally, traders in cell phone markets appear to buy and sell in a larger number of markets; the OLS estimates suggest that traders in cell phone markets sell in one additional market as compared to their non-cell phone counterparts.  The magnitude of this difference is easier to understand once we consider that grain traders in non-cell markets only trade in an average of 4 markets per year.  Therefore, one market represents a 25 percent increase in traders’ sales markets. 



Bounding the Treatment Effect

Dependent variable:

(1) 
Untrimmed 

ATE

(2) 
"Best case" 

Bound

(3)
"Worst Case" 

Bound

# of Markets Searched  .83**(.42) .99**(.41) .83**(.42)

# of people consulted for market information 1.4**(.7) 1.6**(.62)  1.4**(.7)

Use personal contacts to obtain market information .06***(.03) .06**(.02) .06**(.03)

Change sales markets  .06**(.03) .08**(.04) .05*(.03)

# of Purchase and Sales Markets .80*(.46) .95**(.31)  .67*(.31)

Means

comparison

Trim distribution of  
traders in cell phone 
markets with lower 

outcome values
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Presentation Notes
To address the potential selection problem, we can either explicitly model the process determining selection (Heckman 1979) or construct bounds of the treatment effect (Manski 1990, Rosenbaum 2002, Lee 2005).Adopt Lee’s methodology (2005), whereby “best-case” and “worst-case” scenarios for differential selection are constructed by trimming the distribution of the outcome in the group with less attrition (in this case those in cell phone traders who have changed their principal market).Using Lee’s methodology, I first construct the “best-case” bound by dropping traders in cell phone markets who have changed their principal market with the lowest outcome values and then calculating the ‘trimmed’ treatment effect.  The “worst-case” bound is likewise calculated by dropping traders in non-cell phone markets who have changed their principal market. The treatment effects under the “worst-case” scenario are generally smaller and less robust than the untrimmed treatment effects. By the standards of this sensitivity analysis, however, the performance of our worst-case scenarios is quite strong, since none of lower bounds changes sign and many of them are still robust.  The results imply that even under strong selection, cell phone coverage still has the predicted effect on traders’ behavior. 



Summary

 Cell phones are associated with a 6.5-22 percent 
decrease in price dispersion across markets
 The effect is larger for markets located farther apart 

and linked by poor quality roads
 The effect is also stronger over time, suggesting that 

cell phones are more useful as there are more 
network users
 The mechanism appears to be a change in traders’ 

search behavior



Summary

 The findings suggest welfare improvements from 
the introduction of cell phones (lower consumer 
prices, higher traders’ profits)
Traders’ profits could decrease (zero profits) in the 

long-term

 However, how the gain is shared among 
farmers, traders and consumers is ambiguous
 Therefore, welfare estimates of farmers are 

needed…but not trivial!



Policy Implications

 It’s the “I”, not the “T” in information technology
Information alone is important for market performance 

and can reduce transaction costs, especially for remote 
areas

 But…cell phones provide information in a way that 
is “desirable” (timely, accurate)
Information technology should be central to the debate 

on existing (market) information systems in sub-Saharan 
Africa
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Might be cost effective and not desirable, or desirable and not cost effective.  



Policy Implications
 Information provision is necessary but not sufficient 

for functioning markets
Investments in other factors that affect transaction costs 

(road quality, access to credit) are necessary 

 Public-private partnerships can be useful for IT 
solutions in development
Cell phone expansion is happening without policy 

interventions or subsidies…but what about the market 
structure and pricing?

Opportunities for cell phone and development projects
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