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Abstract

The impact of market failures on household behavior: explaining labor market
segmentation, technology adoption patterns and transaction costs in rural Peru

by
Renos Nicos Vakis
Doctor of Philosophy in Agricultural and Resource Economics
University of California, Berkeley

Professor Alain de Janvry, Co-chair
Professor Elisabeth Sadoulet, Co-chair

The existing economic literature on transaction costs and market failures
illustrates how they alter economic behavior by reducing market participation and
affecting the response to policies of heterogeneous populations. Still, empirical work has
often been inadequate and unable to capture the non-trivial intricacies and complications
that arise by introducing them in statistical analyses.

This dissertation, .divided into three chapters, addresses this gap. The first
chapter proposes a theoretical model of farm households that participate in the labor
market. The aim is to identify those households that are potentially constrained in their
off-farm labor allocation and those that are not. Using mixture distribution estimation
techniques we find two regimes among market-participating households depending on
whether the off-farm labor allocation constraint is binding or not. The results also
suggest that labor markets in Peru are segmented and that aspects like ethnicity, gender,
as well as regional attributes such as the level of unemployment or low population

density can prevent market integration.
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The second chapter examines the relationship between credit market failures,
technology adoption, and income portfolio diversification. Using a semi-structural
approach, we show that income diversification can complement the adoption of new
technologies by relaxing cash liquidity constraints. This finding is the reverse of the
existing literature on adoption, which posits that changes in the agricultural product mix
are a result of adoption of new technologies.

Finally, the third chapter attempts to measure the magnitude and role of
different types of transaction costs on behavior. A market search model that incorporates
both variable and fixed transaction costs is developed to understand how farmers choose
where to sell their marketed surplus. The empirical findings show that, in addition to
distances and access to good road infrastructure, a number of other transaction costs
attributes such as information about markets and prices, relationships with buyers, as
well as bargaining abilities also affect market choices. As such, these results suggest that
policies aiming at reducing transaction costs should address not only road and

.

infrastructure but also create mechanisms to enhance information flows and bargaining.

Professor Alain de Janvry, Co-chair Date
Professor Elisabeth Sadoulet, Co-chair Date

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Contents

List of Figures

List of Tables

ii

iv

1 Searching for Failures in the Peruvian Labor Market via
Mixture Models 1
11 Introduction. ... ... .. ... . i e 1
12 Theory. . ... ittt i e e e e e e e e e e e e 4
1.3 Ecomometrics . .. . ... . . 0 e 10
14 DataandResults . . . ... ... ... .. ... .. 14
1.5 Concludingremarks . ... ... ... ... 25

2 Overcoming Credit Market Failures: A Paradigm of Di-
versification for Technology Adoption 29
21 Imtroduction. . .. . ... .. ... i it e 29
2.2  An adoption model with two technologies and a cash activity . . ... ... 33
2.3 Econometric specification . . . ... ... .. ... .. .. 0 o L. 37
24 Data . .. .. e e e e e e e e e e e 39
25 Resultsandanalysis . ... ... ... .. ..ttt ennnnn 42
26 Conclusions . . ... ... .. i e e e 48

3 Transactions Costs and the Role of Information: Evi-
dence from Peru 50
31 Introduction. . .. . ... .. .. i i e e 50
32 Decisiontimeline . . .. ... ... ... ... ... e 53
3.3 Transaction costs insights fromrural Peru . . . ... .. .. ... ...... 56
3.4 Understanding market choices and the role of transaction costs . . ... .. 66
35 Conclusions . . . . . v v v it e e e e e e e e e 80
Bibliography 82

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



A Regime Classification
B Mixture Distributions

C Derivation of the optimal input quantities

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

il

89
92
95



List of Figures

1.1
1.2
1.3
14
1.5

21
2.2

3.1
3.2
3.3
3.4
3.5

3.6

Off-farm hours worked perindividual . . . . . . ... ... .. ........
Kernel densities of off-farm hours worked per individual . .. ... ... ..
Kernel densities of the probability to be constrained by ethnicity . ... ..

Kernel densities of the probability to be constrained by geographic region .
Pooling effects

..................................

Adoption intensities of new variety . . .. .. ... ... ... ... ...,
Labor in dairy for credit constrained (observed and counterfactual)

SUrvey map . . . . v o i e e e e e e e e e e e
Distribution of total quantities sold, by market destination and road access
The effect of transportation costs and price information on market partici-
pation (Badroad access) . . . . . .. ... .o e
The effect of transportation costs and price information on market partici-
pation (Goodroad access) . . . . .. . .. ..o it e e
Simulated distribution of total quantities sold due to changes of transporta-
tion costs and price information (Bad road access) . .............
Simulated distribution of total quantities sold due to changes of transporta-
tion costs and price information (Good road access)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

iii

15
23

24
28

41

57
60

7

78

79



iv

List of Tables

1.1 On-farm labor allocation: pooled versus mixture model .. ......... 17
1.2 Counterfactual estimation: On-farm labor allocation using mixture model . 19
1.3 Probabilities to be constrained by quintiles . . ... ... .......... 24
1.4 Household descriptive statistics by predicted constrained regime. . . . . . . 26
2.1 Typology of farm-households . . ... ... ... ... ... ... ...... 40
2.2 Household descriptive statistics for the credit constrained only by dairy activity 43
2.3 Household descriptive statistics by credit constrained . . . . . ... ... .. 44
24 Adoption of new variety for the credit constrained (2SLS) . ......... 45
2.5 Adoption of new variety for the credit unconstrained (counterfactual) (2SLS) 46
"~ 3.1 Sample structure, transactions and location . .. ............... 59
3.2 Quantities sold per transaction (by market and road access, in kilos) . . . . 59
3.3 Perceptions by market and byroadaccess . . .. ............... 61
3.4 Transportation costs by market and road access (insoles) . ......... 62
3.5 The role of information: knowing prices . .. ................. 62
3.6 Transaction cost related variables by market destination . . ... ... ... 64
3.7 Market choice: conditional logit . . . . . .. ... ... ... oL, 68
3.8 Quantity sold (OLS estimation) . . . . .. ................... 69
3.9 Prices received by market and road access (in soles/kilo) . . . ... ... .. 71
3.10 Explaining prices received (by market) . . .. .. .. ... ... ... . ... 72
3.11 Variation of price received by component. . . .. .. ... ... ... .. .. 73
3.12 Transportation costs (estimations by market) .. .. ............. 74
3.13 Prices received net of transportation costs by market and road access (in
soles/kilo) . . . .. e 75
3.14 Revisiting market choice: semi-structural conditional logit . . . ... .. .. 76

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Acknowledgments

Despite what they say, a dissertation is NOT the result of a person’s brilliant
efforts to develop a new idea. Instead, it is the non-linear sum of the interaction and
collaboration between the author and advisors, teachers, colleagues, friends and family.
Reaching this point where I am left to write these acknowledgments in order to complete
this dissertation makes me realize how much I have grown and learned over the last few years
here in Berkeley from all the people that have shared my life, each one of them providing
me with their unique blend of inspiration, knowledge and support. While the list is endless,
there are a few people that deserve eponymous acknowledgement.

Since my first year in the program, Alain de Janvry and Elisabeth Sadoulet (aka
the "Jefes") have been role models for me and their incredible support and guidance has been
instrumental for my development as an economist. David Zilberman inspired and helped me
explore new ideas and think beyond the box. My other thesis and orals committee members,
David Card, Jeff LaFrance and Michael Ward all gave me useful insights at various stages
of my work. Among my colleagues, Carlo Cafiero really served as a catalyst for me to begin
my journey in economics. He also taught me how to make gnocchi, great pizza and fix
refrigerators (and the list goes on). Erin (McCormick) Godtland and Melanie Raymond
are jewels as friends, and along with Craig McIntosh are all guilty for fixing all of my
mistakes during our endless dissertation sessions in Odyssia. My dear friends Chris Costello
and Hayley Chouinard always motivated me to work hard and cheered me up with their
optimism and love (yes you are both invited!). Rinku Murgai allowed me to begin learning

about econometrics and empirical work by borrowing my hands! While Gail Vawter did not

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



vi

help with my empirical work, she was partly responsible for me gaining weight through her
generous provisions of chocolate (all other blame can go to Zachary’s pizza). She also made
sure that I kept up with all deadlines and requirements in the program. Javier Escobal
and my friends at GRADE in Lima were really wonderful and through their hospitality and
collaboration I managed to better understand Peru. Many other friends in the department
and in Berkeley in general have offered me their love, friendship, advice and support. You
know who you are. My parents, Nicos and Olga Vakis back in Cyprus have been a constant
source of energy and love. I would not be here without their unconditional support. Finally,
this experience would have never been as exciting and fulfilling without the help, support,
love and wisdom of my wife Caridad Araujo. I promise not to talk about transaction costs
with you again, even though I cannot say the same about practicing my magic!

Thank you all for everything. Now back to work...

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Chapter 1

Searching for Failures in the Peruvian Labor Market via

Mixture Models

1.1 Introduction

That institutional failures have important effects in economic behavior has been
explored in both theoretical and empirical literature. The existing theoretical literature
shows that market failures significantly alter economic behavior; they impede market par-
ticipation and can affect the response to policies of heterogeneous populations. For example,
Roemer {50] analyzes class formation based on differences in assets position. Building on
Roemer’s work, Eswaran and Kotwal [15] derive a model where differences in asset position
and the presence of two market failures (unobserved effort and a non-uniform access to
credit) determine the emergence of different market participation regimes.

The implications of these models are multiple. First, they illustrate how social
classes or regimes emerge through rational choices. In addition, these choices can help

explain efficiency, like the existence of the inverse relation between yields and farm size
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(Sadoulet et al. [51]). In the context of household economics, the emergence of different
regimes has also important policy consequences as they imply differential responses to pol-
icy interventions. For example, Sadoulet et al. [51] look at labor markets and show that
the presence of a price band for wage, i.e. a positive difference between the wage to pay for
hired labor and the effective wage received by family members when working outside, deter-
mines endogenous selection of households in labor market participation. Such a difference,
induced by fixed transaction costs, determines the appearance of a finite set of self-sufficient
farm-households. As a.result, market participating households use the market wage as the
decision price, while self-sufficient households use an endogenously determined shadow price
that also depends on consumption and thus breaking the separability assumption between
consumption and production decisions 1.

Empirical literature that looks at the separability hypothesis has focused on de-
veloping ways to incorporate and test it. Lopez [39], Jacoby [31], Lambert and Magnac
[37] and recently Barrett et al. [2] use a direct approach where they estimate an aggregate
production function that is then used to get implicit prices of family labor. These prices
are then compared and found different with the market wage, thus rejecting separability.
Skoufias [54] uses Jacoby’s methodology to find similar results with an ICRISAT data from
India. Using demographic variables to explain production decisions, Benjamin [4] finds that
they do not affect the demand for pre-harvest labor in rural Java and thus does not rejects
separability.

Another approach is to get information directly from the data and to then use

1The separability hyporthesis posits that consumption and production decisions are recursive within the

household. First, the households maximizes profits and then allocates its full income for consumption (Singh
et al.[53]).
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it to test separability. Feder et al. [24] use survey questions on access to credit to divide
their sample between credit constrained and unconstrained. They find that consumption
decisions enter the production decision for constrained households only and use this result
to infer non-separability. Finally, Sadoulet’s et al. [51] find selective recursiveness for seller
and employer regimes but not for self-sufficient households in rural Mexican data.

While these papers make advances in both the theoretical and empirical aspects of
separability and market failures, some questions remain unanswered. This paper addresses
some of these issues and offers a number of refinements of the previous literature. Using
labor markets, we question whether the common conclusion that market failures divide
people between market participants and those who choose not to participate is enough.
We argue that even among market participants, unobserved heterogeneity (either at the
individual or a regional level) can affect the separability assumption. OQur attempt is that
of explicitly allowing for the fact market participation per se does not imply belonging to a
particular regime. In particular, the presence of a quantity constraint on the labor market
makes it plausible for some farmers to participate in the market and yet be constrained; that
is, among those who participate in the market, there are farms that refer to the endogenously
determined shadow wage as the decision price. These farms are not expected to react to an
infinitesimal change in the market price. The practical difficulties of implementing such a
model comes from the fact that, usually, the constraints are not observable. Qur econometric
methodology allows us to identify between constrained and unconstrained households.

In addition, while past work has provided a number of ways to test separability,

little has been done to address the source of the market imperfection. The effect of policies
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does not depend on the knowledge of the existence of market distortions but understanding
their source. In this context, our econometric approach allows us to explore and assess
market integration and market distortions in more detail. The findings suggest that labor
markets in Peru are very segmented and that ethnic and gender discrimination impedes
market integration. In addition, on the supply side, the labor market also plays an important
role in determining households’ equilibria. Regional infrastructure, off-farm opportunities
and geographic location affect the probability of finding off-farm work. Policy makers can
use such results to target and implement policies that reduce labor market failures and
enable households to better anticipate and protect themselves. For example, while our
results show that policy schemes that address discrimination and education are important
in the Peruvian context, additional programs that enhance off-farm job opportunities are
also necessary to complement the labor market development process and ameliorate market
participation by marginal groups.

Section 1.2 develops a household model with a labor market constraint and derives
a testable hypothesis for separability among market participants. The econometric approach

is presented in section 1.3. The Peruvian data and findings are presented in section 1.4.

Section 1.5 concludes.

1.2 Theory

Building on traditional farm-household models (see Singh et al.[53)), let us consider

a farm-household whose objective is to maximize utility. Utility is derived from income,
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y, and leisure time I! 2. The household is endowed with a total amount E of time to be
allocated among in-farm work, I, off-farm work, 1°, which will be paid a salary w®°, and
leisure. Farm labor can be supplied by household members or can be hired on the market,

h, at a given wage rate w”. Finally, there exist an unknown, upper limit to the amount of

labor that can be sold on the market, L.

The household’s problem can be represented as follows:

max Uy, 2" (11)
subject to:

y = pg(l + h, A, z9) — w'h + w°l° (1.2)
l=E-l°-1I (1.3)
>0 (1.4)
h>0 (1.5)
>0 (1.6)
°>0 (1.7)
L>r (1.8)

where:

U is the household’s utility function,
y is total household income,

1! is leisure,

2For simplicity, we are assuming no imperfections on the commodity markets, so that it makes sense to
include directly income in the utility function, rather than other consumption goods.
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h is a vector of household characteristics relevant in consumption decisions,

z
p is the output price,
g is the quantity produced,
h is the amount of hired labor,
29 is a vector of farm characteristics relevant in production decisions,
wh is the effective price to be paid for hired labor,
I and [° are the amounts of family labor employed in and off-farm respectively,
w? is the effective wage received by family labor outside the farm,
A is farm size,
E is the total family labor endowment, and
L is the maximum amount of family labor that can find work off-farm.
The utility function U(-) is assumed to be increasing and quasiconcave; the pro-

duction function ¢(-) is assumed to be increasing and concave.

Substituting from (1.2) and (1.3) for y and ! the objective function can be written

max Ulpg(li + h, A,2%) — wth +uw°l°, E - I} — 1°,2") (1.9)

subject to the constraints given by equations (1.5) through (1.8).

The first order Kuhn Tucker conditions that describe this problem are:

aU() (U ()lpar() — wh + g =0, Ui()lpar(-) —wh + 4" 0, b, k>0 (1.10)
agﬁ t [U1()par () = Ua() + w10 = 0, Ur(par () = Up() + 4 S0, I, 20 (L11)

O e -0 440 = P =0, GOwP - O+ -pE S0 (L)
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with 1o, L, po, u£ >0, L —1°>0.

In addition:

U1(-) = Us(p, w®, wh, I}, h, A, 29, E, 1°, z%) and

Us(-) = Ua(p, w®, wh, I}, h, A, 29, E, I°, zb)

are the marginal utilities of income and leisure respectively,

qr(*) = qr(l* + h, A, 29) is the marginal productivity of labor and

pt, t = h,i,0, L are the multipliers associated with the non-negativity constraints.

In this simplified setting and assuming that w" > w®, that is the price to pay per
unit of hired labor is higher than the price received per unit of family labor sold outside, the
relative size between farm size A and the total family labor endowment E will determine
in which of four possible alternative regimes the farm-household will optimally operate:
workers, net sellers, net buyers and self-sufficient in labor. Since the focus of this study
is to explain labor allocation decisions and unobserved heterogeneity of small farmer that
participate in the market as net sellers, we concentrate the rest of the analysis on them.
Appendix A summarizes how these regimes emerge. For a more complete description of
this classification process, we refer the reader to earlier work by Roemer [50], Eswaran and
Kotwal [15] and Sadoulet et al. [51].

In absence of other constraints (like, for example, consumption cash constraints
or food market constraints), for the households who participate in the labor market as net
sellers, whether there is separability between production and consumption decisions will
depend on whether the maximum constraint is binding or not. The simple observation that

a household is selling labor will not be sufficient to infer separability.
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Proposition 1: For net sellers of labor for whom the off-farm labor constraint is
not binding, production and consumption decisions are separable.

To see this, we analyze the Kuhn Tucker first order conditions for net sellers. For
these households A = 0, I! > 0, I° > 0, y* = pf = p° = 0. If, in addition, the off-farm
labor constraint (1.8) is not binding, we also have [° < L and ,uf‘ = 0 The Kuhn Tucker

conditions reduce to:

&9 Us()par(-) — Ua() =0

(1.13)
Qg'l%:l . U1(-)'w° - UQ(-) =
where in this case:
Ui(-) = Ui(p,w°, I, A, 29, E, 1°,z"),
Us(-) = Ua(p,w®, I}, A, 29, E,1°,2") and
qu() = gz (i}, A,29).
Combining the two first order conditions we obtain:
par(l', A, 2%) = w° (1.14)

that can be solved for I leading to a single, reduced form equation in which the variable I is
expressed as a function of only “production side characteristics” and not of “consumption
side characteristics”:
' = f(p,uw®, A,z9) (1.15)
In this case, the household will sell in the labor market all the excess labor and
the decision price will be the market price w®°.

Proposition 2: For net sellers of labor for whom the off-farm labor constraint is

binding, the separability between production and consumption decisions breaks.
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If, instead, the quantitative constraint on the labor market is binding (and thus
I° = L), the separability between production and consumption decisions no longer holds.

Using the Kuhn Tucker conditions for this case we have:

&0 : Uy (ypar() - Ua() =0 L16)
le&i : Uy()w° = Ua(-) — pL =0, and L= 1°
with:

Ui(-) = Uy(p,w°, I}, A,29, E,1° = L,2"),

Us(-) = Ua(p, w®, I}, A,29, E, I° = L,z") and

gr() = ar(l’, 4,29).

The household will sell L on the labor market and supply labor on-farm up to the
point where the marginal product of labor equates the marginal utility from leisure. The
decision price becomes a shadow price, lower than w°.

To find the optimal quantity of ¢, the equations above must be solved jointly for

I and pL, recognizing that for this set of households, constraint (1.8) holds with equality

and thus 1° = L (which implies that there are only two unknowns):
' =li(p,u° A,29, E, 2", I° = L) (1.17)

and

pE =1i(p,u°, A,2%, E, 2" 1° = L) (1.18)

As it can be seen, in this case, the constrained optimal allocation for on-farm labor I also

depends on consumption side parameters, E, z®, and on the off-farm labor endowment

I° = L. Therefore, the separability hypothesis breaks.
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10

At this point, a brief discussion about the nature of the off-farm labor constraint
is warranted. In particular, from equations (1.13) and (1.16) it can be easily verified that

the off-farm labor allocation rule is given by:

o(p,w°, A,29,E,2d) ifl°<L
°= (1.19)
L ifle>L

Denoting ) as the probability that a household is constrained we have:
A=X(°> L) = Mi°(p,w° A,2%, E,z") - L > 0) (1.20)
which in reduced form becomes:
A= Ap, v’ A,2%, E,z2 L) (1.21)

To conclude, we show that under the assumption of no other market imperfections
that might introduce non separability (for example, presence of credit constraints or food
market imperfections), a labor selling farm-household will determine the amount of labor
employed on farm, I*, according to one of two alternative regimes, defined by equation (1.15)
and equation (1.17) respectively. One empirical implication of this is that if the researcher
had information on households’ classifications, a testable hypothesis on the separability
assumption could be directly implemented. However, in most cases, this information is

unobserved. The next section addresses this issue of “unknown sample separation”.

1.3 Econometrics

The preceding section establishes that it is conceivable for farm-households to

participate in the market as net sellers, and yet be constrained by unobservable quantity
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11

limitations or by transaction costs in their ability to respond to price changes. Prior knowl-
edge by the researcher of the sample division could be used to examine each labor regime
separately. The problem, however, is that in our case such classification is unknown. This
can be translated in econometric terms saying that the farm labor supply response function
of a group of market participating households can be represented by a switching regression
model with unobserved sample separation (Quandt [47), Maddala [40] p.302)3.

Formally, we can characterize the sample behavior in a three-equation model:

B =l(x1;8) +u (1.22)
12 = Ip(xg;) + ug (1.23)
A= Axz; &) + up (1.24)

In our case, x3 = {p,w’, 4,29}, x2 = {p,w° 4,29, E,z8, L} and x) = {p,u®, 4,29, E,z,L}.
In addition, (3,7 and § are coefficients to be estimated while u;’s are normal i.i.d. distur-
bances with zero means and variances a?.
11,12 or ) are latent unobserved variables. Instead for observation i, we observe
variable I*, defined by:
. L) #fAS0
I = (1.25)
I() ifA>0

The problem then becomes how to estimate the parameters {8;~;§;01,02,0:}
from the sample of N observations on {I{,x;,x2,x5},%=1,...,N. Given that a priori we

cannot identify the regime composition, a randomly selected observation I! (household 4’s

3Empirical work using a similar approach includes Lee and Porter [38] on cartels, Bash and Paredes-
Molina [3] on dual markets in Chile, Murdoch and Stern [43] on sex bias, Pape and van Dijk [46] on growth
rates convergence and Conway and Kimmel {10] on moonlighting.
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12

on-farm labor supply) will have probability X of belonging to the first regime, and probability
(1 — A) of belonging to the second one. As such, the conditional density of observation I*

given regime 1 can be written as:

f(l|regimel) = f(I* - li(x1; B))/A

while the conditional probability of I* given regime 2 is:

F(I'regime2) = f(I' - la(x2; 7))/ (1 = )

where f(-) are probability density functions of u; and us.

The unconditional density of I is then:

f() = Af(ljregimel) + (1 — A) f(I}|regime2) =
(1.26)
= f(I' = i(x1; B)) + f(I' — la(x2;7))
that is, the mizture of two distributions.
Focusing on the simpler case of mixture of two components, starting from the

unconditional density function (1.26) and assuming that f(-) isnormal, 0y x o2 and o) =1

(required for identification purposes) the likelihood function for a sample of N observations

is then:

L(\,B,7,01,09) = [ M(EF = L (x1; B), 01) + (1 - NG(T! - lo(xziv),00)]  (1.27)
N

where ¢(-) denotes the normal density function. A natural way of estimating the parameters
would be that of maximizing (1.27) with respect to (), 8,4, §,01, 02).
Properties of mixture distributions and the estimation of their parameters are

extensively covered in Titterington [57] and Everitt {18]. Appendix B summarizes some
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13

econometric issues and provides insights on how to approach the problem of estimation in
practice, as presented in Quandt [47), their extensive commentary (Hartley [27], Bryant (6],
Clarke and Heathcote [7], Johnson [32], Hosmer [30], Kiefer [36], Binder [5] and Fowlkes
[25]), and summarized in Maddala [40] pp. 302-305.

Agreement seems to have been reached on that estimation of the maximum like-
lihood, obtained via the so called E-M method (see Hartley [27] and Dempster et al. [13])
is a feasible approach, perhaps after having used other pre-estimation techniques to decide
on the initial values of the parameters (Kiefer [35]). Moreover, the E-M approach can be
used to estimate the model when A is considered to be endogenously determined and spec-
ified as above. The only required assumption is that the variance of the error term of the
classification equation (u,) is taken to be one.

The steps of the E-M algorithm are as follows: using starting values for 8, v, £, 01, 09,
we first obtain estimates of the classification vector A.(the E step). The starting values for
the 8,4, 01,02 can be set equal to the estimated values for the pooled sample regression, the
rational for which is that, if the observations were truly coming from the same population,
those were the values would maximize the likelihood function. Using the estimate for A
to weight the probabilities of each observation to be in each regime and obtain estimates
for B,7,£,01,02 (the M step). This iterative procedure is repeated until the maximum

likelihood function (in our case Equation (1.27)) converges.
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1.4 Data and Results

Data The data come from the 1997 Peruvian LSMS. The survey was contacted on 4500
households. From these, 1131 allocate work between both on and off-farm activities and
are used in the analysis. We postpone a discussion on descriptive statistics for now as
it will be more relevant to present them after the estimation. We offer instead Figure
1.1, which plots the distribution of individual off-farm hours worked and seems to suggest
the existence of two underlying processes. In particular, there seem to be two distinct
subpopulations, one for which individuals work less off-farm and another that work more.
What the econometric procedure attempts to do is to explore, among other things, this
heterogeneity and characterize the two regimes. We superimpose a normal distribution to

hint on the implications of assuming one homogeneous population.

Separability According to a fully separable model, the decision on labor allocation on
farm should be purely a production decision, and thus household characteristics (such as
E, 2", L) should not affect it. Our theoretical model postulates the possibility of the
presence of two different regimes among the farm-households in the sample. It also predicts
that household characteristics should only affect the constrained regime. We therefore
specify one of the two regimes by including variables such as household composition 2" (like
children, elder members or ethnicity). We specify the second regime by only including
production side characteristics 29.4 Apart from this restriction that comes directly from the

theoretical model, we do not impose any other restrictions on the parameters of the two

“Notice that in this specification of the unconstrained regime we exclude any variables that can be argued

to affect both consumption and production decisions. On the other hand, our counterfactual estimation
(below) includes such variables in both regimes.
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Figure 1.1: Off-farm hours worked per individual
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models in the belief that, if a dichotomy actually exists, it should be strong enough to let
the econometric technique to separate between the two regimes. We apply the maximum
likelihood procedure described in the previous section to determine the best way of dividing
the observations in two groups. The dependent variable is the amount of hours allocated
by the household for farm activities®.

Table 1.1 presents the results. The first column contains the results of an OLS
estimation of the model on the whole pooled sample®. As expected, production character-
istics such as livestock assets, human capital and land assets significantly affect on-farm

labor allocation. In addition, these pooled estimates seem to show a significant effect of

®Remember that we do not consider hired labor in this analysis since we are only looking at households
that are net sellers of labor.

The coefficients of this OLS estimation were also used as starting values for the likelihood maximization
routine.
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some household characteristics on the decision of labor use on-farm. This alone provides
some indication that the issue of non-separability is important.

The second column in Table 1.1 presents the results from the maximum likelihood
procedure. On average, a household has a probability of 0.48 to be constrained in its labor
market participation. As we expected, for those households in the constrained regime,
we find that not only production characteristics affect their on-farm labor allocation but
consumption ones as well, thus rejecting the separability hypothesis. In particular, we find
that small children and the elder significantly increase on-farm labor allocation. In addition,
other variables that can be argued as both production and consumption ones also affect on-
farm labor allocation. For example, education decreases the on-farm work, implying that
human capital is an important asset for off-farm work. In addition regional dummies that
capture idiosyncratic effects and shocks of specific geographic areas also affect on-farm labor
decisions. Households that live in the mountains work more on-farm compared to Lima, an
urban center. This is expected as off-farm opportunities are much more abundant in Lima
than in the more isolate mountain regions’.

For the second group of households estimated by the econometric procedure (and
specified as the unconstrained regime), we find that production characteristics such as land
and cattle ownership positively affect on-farm labor allocation. In addition, transaction
costs in the form of the time to get to the main market, negatively affects work on-farm.
One interesting finding is that women have no impact for on-farm labor. One hypothesis is
that since these households are not constrained in labor, women may actually have off-farm

jobs or do not need to work.

TWe also estimated these models using district dummies and got similar results,
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Pooled Mixture

Constrained Unconstrained Switcher
Market wage (soles) w® -0.03  -0.14%**  .0.05%* 0.03**
Land owned (ha.) A 0.15%  0.92* 0.21%** -1.37k
Adult males (#) E 25.66%** 36.25%** 2.54%* 19.27%**
Adult women (#) E 25.90%*%* 34.74%** 1.24 17.05%**
Time to market (min.) p 0.96 6.20 -3.80%*** 6.98***
Time to market sq. (min. sq.) p 0.02 -0.95 0.16%** -0.61%**
Cattle owned (#) 29 1.30%** 0.96%** 1.39%** 0.06
Coast (dummy) 29 1314 12.02 17.04*%*
Sierra (dummy) 2Bk 28.88%¥* 97 gokkk 37.95%**
Rainforest (dummy) Z0h 25.37%%% 7,03 32.96%*
hh average education (years) 20" _10.41%* -12.18** -7.62%*+*
hh average ed. sq. (years sq.) 20 0.39%*%  (.67Hr* -0.01
hh head sex (male=1) 29 1172 14.66 11.08**
hh average ed.* indigenous hh 20h 0.71%% _0.42 -0.56%**
head age (years) 29" 0.26 1.35 -0.73
head age sq.(years sq.) 29" 0,003  -0.02* 0.002
Boys (#) Zh 6.51%*  18.48%%* -9, 57H**
Girls (#) 2t 17.18%% 38.53%** -2.29
Elder (#) zh 12.66%* 43.07%k* -2.30%**
Indigenous hh (yes=1) zh 37.97%% 19.23 17.38%**
Hours worked off-farm 1o -0.20%%* .0.32%+* -0.14%%
Private jobs in community (yes=1) 27 -49.96 -18.76 -65.10%**
Public jobs in community (yes=1) 27 8.29 -1.81 18.40%**
Constant 130.98** 122.9%* 73.98%** 33.29

Sample proportion A 1.0 048 0.52 1.0
R? (pooled) 0.2
Log likelihood (mixture) -261

Dependent variable: household’s on-farm work (hours).

Switcher: probability of being constrained.

The coefficients of the switcher equation are all multiplied by 100 (¢ * 100).

The missing dummy for regions is Lima.

Significance levels:*: 90%, **: 95%, ***. 99%

Sample size: 1131
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For both regimes, we also expected a significantly different value for the coefficient
on the wage rate. For the unconstrained regime it should be significant and negative, in
which the wage rate plays just the role the marginal product of labor. However, for the
constrained regime, the relevant price for labor to be used on farm is, instead, a shadow
price determined by the subjective equilibrium of the farm-household, and therefore the
wage rate will not necessarily reflect the marginal product of labor. Instead the market
wage will affect the production decisions only indirectly, through its effect on total family
income.

The analysis above would not be correct if any of the consumption side charac-
teristics affect the on-farm labor decision for what we specify as the unconstrained regime.
For this, we implement a counterfactual estimation including in the specification of the un-
constrained regime all of the consumption characteristics used in the constrained one. The
aim is to test whether any of these consumption variables have a significant impact for the
unconstrained. Table 1.2 reports the results of this specification. The results do support
the separability hypothesis for the second regime. Specifically, none of the consumption
characteristics have a significant impact on the on-farm labor decisions of unconstrained
households. Two of the regional dummies affect this decision, but as we discussed above,
this could reflect production aspect differences in marketing opportunities among regions.

To recapitulate, applying the maximum likelihood procedure allowed us to sep-
arate the sample in two sub-populations of labor market participants (net sellers). We
find strong evidence that in one of them, the separability hypothesis between production

and consumption decisions is rejected, while for the second it is not. A counterfactual test
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Table 1.2: Counterfactual estimation: On-farm labor allocation using mixture model

Mixture

Constrained Unconstrained Switcher
Market wage (soles) w® -0.12%**  _0.06™* 0.05%***
Land owned (ha.) A 089 0.22%** -1.03%**
Adult males (#) E  18.43%** -0.41 32.93%**
Adult women (#) E 26.82%* 044 23.14%**
Time to market (min.) p 842 -3.61%** 2.86
Time to market sq. (min. sq.) p -0.59%* 0.16%** -0.27%%*
Cattle owned (#) 29 0.66* 0.69*** 0.90%**
Coastal dummy 29* 17.78 1.77 19.05%**
Sierra dummy 200 36.97*%*  _4.85% 31.91%**
Rainforest dummy 29" 13.69 5.49* 32.65%+*
hh average education (years) Z0h _16.45%%*  1.72 -2.41
hh average ed. sq. (years sq.) 200 (. 72x** -0.06 -0.18
hh head sex (male=1) 200 24,13%* 1.93 19.07***
hh average ed.* indigenous hh 24" 0.31 -0.18 -0.37*
head age (years) 200 4 52%%* -0.17 -4.35%**
head age sq.(years sq.) 20t _0.05%** 0.001 0.05%**
Boys (#) Zh 9.01%* 0.99 -4.92%*
Girls (#) Zh 27.55%*  .0.89 4.51%*
Elder (#) zh 29.12%%  _123 -13.52%#*
Indigenous hh (yes=1) zh 11.09%* 3.70 44 55%%*
Hours worked off-farm 1o -0.17%** -0.18%**
Private jobs in community (yes=1) 29 -31.25 -36.26 -27.35
Public jobs in community (yes=1) 2?7 5.53 0.70 15.12%**
Constant 102.91* 107.18*** 16.71

Sample proportion A 0.49 0.51 1.0
Log likelihood (mixture) -254

Dependent variable: household’s on-farm work (hours).
Switcher: probability of being constrained.

The coefficients of the switcher equation are all multiplied by 100 (£ * 100).

The missing dummy for regions is Lima.
Significance levels:*: 90%, **: 95%, ***: 99%

Sample size: 1131

o~
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strengthens our findings by showing that the households in the unconstrained regime behave

in a separable fashion.

Understanding the labor constraint The results above provide sensible indication of
the presence of a group of farm household which, albeit participating in the labor market,
are making their decision on farm activity according to a non-separable model of behavior.
This is, of course, not enough to conclude that the cause of non separability is the presence
of a quantity constraint on the labor market of the kind we described in presenting the
theoretical model. The last column of Table 1.1 contains the estimated coefficients for
the equation that determines the group separation. Given the specification of the two
regimes, we can interpret this switcher equation to represent the probability of being in
the constrained regime. We use equation 1.21 from the theoretical part to specify the
determinants of group separation.

Interesting patterns seem to emerge that relate to market integration and partic-
ipation. The market wage itself increases the probability of being constrained. A higher
wage may make it harder to find an off-farm job due to increased competition (by other
workers) and decreased demand by employers. In addition, a larger farm (in terms of land
size) lowers the probability to be constrained via the increase in labor demand for on-farm
labor. In terms of other household characteristics, a larger number of both male and female
members (E) in the household as well as high time costs of accessing markets (p) increase
the probability to be constrained, while a larger number of children and elder members (")

decrease it.

Interactions between ethnic classification and education are also important to char-
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acterize market opportunities. Being indigenous increases the probability to be constrained,
perhaps implying the presence of ethnic discrimination. On the other hand, households with
higher levels of education are less likely to be constrained. Moreover, an interaction term
between the indigenous dummy and education levels captures the importance of education:
higher levels of education among indigenous households may mitigate their access to labor
markets by reducing the probability to be constrained.

At the regional level, households living closer to mountains and the rainforest (as
opposed to Lima) have a higher probability to be constrained as their off-farm opportunities
there are more limited. The same is true for the coastal areas but the effect does not seem
as strong. We also wanted to explore further the condition of the labor market beyond the
regional dummies. While the data set is limited for this, we include two variables that cap-
ture market demand and availability for off-farm work at the village level. We differentiate
between availability of private and public off-farm job opportunities. Interestingly, while
the availability of private jobs decreases the probability to be constrained as expected, the
availability of public jobs increase it.

Finally, working more off-farm is negatively related with being constrained. Off-
farm work can be thought as representing the off-farm labor constraint (I) derived in the

theoretical model. Relaxing this constraint therefore makes it less likely to be constrained.

The probability to be constrained One of the benefits of our estimation methodology
is that we can divide the sample between those that are more likely to be constrained and
those that are not (using the predicted probability to be in a given regime X) This leads

to an ex-post predicted sample of “constrained” and “unconstrained” households. We use
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different ways to get insights on the structure of the labor market constraint from these
sub-samples.

From our theoretical framework, we know that the constrained households’ off-
farm labor supply [° is also their binding off-farm allocation labor L. This distribution is
plotted in Figure 1.2. We would expect that if there was a common market based barrier
on the amount of labor to be allocated, it would show up as a very narrow distribution
for 1° = T for those households in the constrained regime. The fact that this is not true
suggests that household idiosyncracies may be more important in terms of accessing the
labor market. Figure 1.2 also plots the distribution of individual off-farm hours for the
unconstrained. These individuals overall work more than constrained ones, as seen by the
fact that the off-farm hours distribution is shifted to the right. This is consistent with our
findings above.

Another way to take of advantage of our methodology is by looking at the predicted
probabilities of being constrained. Figures 1.3 and 1.4 plot two such distributions by ethnic
group and regions respectively. In Figure 3, we see that indigenous people have overall
higher probabilities of being constrained, supporting our findings above and the hypothesis
of possible ethnic discrimination. While the contrast is not as strong when we look at this
in terms of regional differences, there is some evidence to suggest that households living in
mountain regions are more likely to be constrained. This may reflect the fact the off-farm
labor opportunities in the Peruvian sierra are usually limited and even non-existent.

We also look at the link between being constrained and poverty. We use both

income and consumption quintiles to compare the probabilities of being constrained (Ta-
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Figure 1.2: Kernel densities of off-farm hours worked per individual
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Figure 1.4: Kernel densities of the probability to be constrained by geographic region
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Table 1.3: Probabilities to be constrained by quintiles

First (lowest) Second Third Fourth Fifth (highest)
Income 53 49 43 43 37
Consumption 48 50 45 42 36

ble 3). Indeed, there is a strong correlation between being constrained and poverty. For
both indicators, being poorer implies having a higher chance of being constrained. This
probability decreases at higher levels of consumption and income.

Finally, a more descriptive comparison between “constrained” and “unconstrained”
households is presented in Table 1.4. Overall, constrained households have lower levels of
key assets: they own less land, are less educated and are poorer in terms of both income
and consumption. Constrained households are also larger and predominantly indigenous.

These observations suggest that access to off-farm opportunities may be closely related to
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access and accumulation of both human and physical assets.

1.5 Concluding remarks

We use mixture distribution techniques to show that labor market participation
is not enough to conclude separability between production and consumption decisions of
farm-households. Our findings clearly show the existence of two distinct types of households
among net-sellers of labor: those behaving as if unconstrained and hence in a separable way
and some that behave as if constrained. These results provide an important refinement of
separability studies by extending and expanding the concept of heterogeneity.

In addition, we also take advantage of the econometric technique to explore and
understand the market segmentation and its source. In doing this, we try to look at the
role of both demand and supply side effects on labor constraints. In the case of Peru,
ethnic discrimination, differential education attainments as well as differences in regional
opportunities seem to be some important deterrents for market participation.

Some interesting policy implications arise. First, if we are able to characterize
well the source of the sample separation, it enables us to assess (at least qualitatively) the
impact of different policies. For example, in our case, we find that almost half the sample is
likely to be constrained in the labor market, even though they participate in it. Therefore,
a wage policy that ignored this observation would not only be incorrect but quite ineffective
as well. In particular, policies using pooled wage elasticities would underestimate the effects
of a wage change since the constrained share of the pooled sample would not alter its labor

market behavior based on a wage policy (also see Figure 1.5). The methodology proposed
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Table 1.4: Household descriptive statistics by predicted constrained regime

Constrained Unconstrained Pooled

hh on-farm work (hours per week) I 153 105* 124
hh off-farm work (hours per week) l° 112 108 110
Per hh member on-farm work (hours per week) [* 39 44* 42
Per hh member off-farm work (hours per week) 1° 27 42* 36
Market wage (soles) w® 189 219* 207
Adult men in hh (#) E 2.1 1.3* 1.6
Adult women in hh (#) E 2.2 1.4* 1.7
Land owned (hectares) A 0.7 2.8* 19
Cattle owned (#) P 3.2 0.9* 18
Time to market (min.) P 54 66* 60
Average hh education (years) 20k 9.5 9.9% 9.6
hh head education (years) 20k 8.6 11.2* 10.2
head age (years) PrE 55 46* 50
hh head sex (male=1) 29t 0.8 0.9% 0.9
Coastal (%) Pl 20 26* 24
Sierra (%) 20k 30 21* 25
Rainforest (%) 20k 17 19 18
Lima (%) 29k 31 34 33
Boys in hh (#) zh 1.1 1.2% 11
Girls in hh (#) P 1.2 1.0% 1.0
Elder in hh (#) P 0.4 0.4 0.4
hh size (#) P 7.1 5.3 6.0
Dependency ratio (#—d'iz——%";r—'add") zh 0.7 1.1* 0.9
hh indigenous (%) zh 32 T* 17
Per capita income (soles) Y 1111 1557* 1362
Per capita consumption (soles) C 2467 3532* 3101
obs 458 673 1131

Note: * means that there is a significant difference between the unconstrained and constrained
groups at the 90% level or more
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here could be then used to correctly estimate more meaningful elasticities based on the
unconstrained and thus relevant portion of the population.

The characterization of the source of the market constraint itself also provides us
with the means to better understand and implement different policies that can be effective to
ameliorate market integration and ﬁarticipation. An exhaustive use of po;sible individual,
regional and market heterogeneity (for example unemployment rates, infrastructure, human
capital differences as well as other sources for non separability such as credit and risk)
could allow us to make inferences about the structure of the market failure. While the
nature of our data and their lack of such a list of supply side variables limits our analysis
somewhat, the methodological insights we get are important. Without our data constraints,
this methodology can allow future analyses to carefully compare different policy options
that may arise which can be used to guide policy makers to devise and target policies that

maximize social welfare.
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Chapter 2

Overcoming Credit Market Failures: A Paradigm of

Diversification for Technology Adoption

2.1 Introduction

Technology adoption in developing countries has received renewed attention in
recent years. A lot of importance has been placed on the role of agricultural innovations
and the tremendous opportunity to increase production and incomes through the use of these
new technologies and improved crop varieties. Yet, the vast heterogeneity of the economic
environments where new technologies are being applied, as well as the low observed rates
of adoption of different technologies around the developing world open a debate as to how
to increase both the speed and the extent of adoption.

Adoption literature, both theoretical and empirical, has focused on identifying the
factors that affect adoption decisions and the different constraints that may exist when such
decisions are contemplated (Feder et al. [22] and Feder and Umali [23] provide an extensive

literature review). In general, these factors can be divided in two categories: farm attributes
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and technology attributes. Literature on farm attributes looks at the links between adoption
and farm characteristics. In these studies, issues like small vs. large, subsistence vs. market
oriented farming (Kaliba [33]), human capital (Strauss et al. [55]), risk and risk management
strategies (Hiebert 28], Saha [52]), institutional support systems, asymmetric information
(Feder [20]), production factors availability, factor endowments, level of off-farm income,
other income sources and credit constraints (Dimara and Skuras [14]), and their links with
adoption decisions are investigated.

The second body of literature addresses how technological attributes themselves
can affect adoption. For example, one technology can be better in one aspect of production
(e.g. the new seed is resistant to a pest) but another technology may have other advantages
(e.g. lowerrisk). As aresult, these attributes combined with the idiosyncratic characteristics
of the farmer can affect adoption (Misra et al. [41]).

In spite of the vast literature that addresses adoption and the influence of the
factors mentioned above on the adoption process, there is still not a consensus on why some
farmers adopt new technologies and others do not. Many reasons have been debated as to
the lack of such consensus. On one hand, it may not be sensible to talk about one adoption
policy given the complexity and heterogeneity of both new technologies and the setting
where they are applied. However, even for the same technology, research methodologies
to assess the barriers to adoption vary considerably. For example, most adoption studies
treat adoption as a discrete phenomenon. Thus, a farmer that adopts ten percent of a new
input will be treated the same as a farmer who adopts one hundre;l percent. Therefore, the

researcher may fail to capture particular intricacies that the continuous case offers (Feder
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et al. [22], Rauniyar and Goode [48]).

Another shortcoming of adoption studies has been the type of link they have as-
sumed between adoption and other farm practices. Most adoption studies generally assume
(implicitly or explicitly) that adoption of new technologies generates important ex-post
changes in the agricultural product mix (Ellis [19]). It is argued that adoption increases
farmers’ incomes so that those who have adopted new technologies are more likely to engage
in other new activities, thus creating a more diversified income portfolio. In addition, adop-
tion of new technologies may interact with agroclimactic and other biological constraints
and enable the introduction of new crops or varieties, altering the product mix. An example
is the introduction of soybean cultivation and Zebu cattle due to new water conservation
technologies into areas of Brazil considered otherwise too hot and dry to support them
(Nerlove [44]).

Yet, the reverse may also be true. Farmers facing an adoption decision and con-
fronted with a cash constraint in the growing season may be able to relax it by altering their
product mix and shifting resources to cash generating activities. In particular, while new
technology profit realizations will come at the end of the harvest season, as in the case of
potato cultivation, by reallocating resources to activities that generate cash income in the
interim, farmers may be able to increase their ability to invest more in the new technology.
This cash may not only mitigate the seasonality problem of unstable stream of income but
may also help reducing risk aversion in farm production decisions (Eswaran and Kotwal
[16], [17]). Therefore, self-financing has important policy ramifications as it suggests an al-

ternative mechanism to alleviate and overcome institutional failures such as those in credit
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markets.

In the case Peru, the adoption of high-yield potato varieties has been slow. While
the technology exists, adoption of such varieties has not diffused at the level of small and
poor farmers. In the highlands of Peru, the majority of the farmers are small-scale ones with
usually less than five hectares of land (Crissman [11]). They generally farm with oxen or by
hand. Moreover, even if access to markets is relatively easy, the demand for new varieties
of potato seeds is low due to the high costs associated with it. Specifically, potato seed is
an input whose quality is observed only after it has been purchased. In addition, unlike
other crops, clonal potato seed is bulky and can easily transmit diseases. As a consequence,
the costs of buying new seed varieties are high. It is estimated that seed costs represent
up to fifty percent of the total production costs for potato cultivation in Peru (Monares
[42]). In most instances, small-scale farmers cannot afford these high monetary costs to buy
these inpiits. The unavailability or failure of institutional support such as credit institutions
further impedes or binds the extent of adoption. Thus, understanding the adoption process
and the role of credit in this setting is a high priority.

This paper addresses the “diversification for adoption” idea with data of small-
scale farm potato producers in rural Peru. Using a continuous measure to capture adop-
tion intensity, we argue that while credit constraints dramatically decrease adoption rates,
farmers can alleviate and overcome these market failures via alternative mechanisms. In
particular, by diversifying the farm’s income sources through inclusion of cash generating
activities, credit constrained farmers can increase their liquidity and access the new tech-

nologies. Cash income, such as dairy, flows in the farm in many frequent time intervals, as
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opposed to the large lump-sum payment that the farmers get during the harvest of seasonal
crops like potatoes.

In the area of Cajamarca, Peru, where our data comes from, dairy farming has
been a recent phenomenon. Nestle and a local company have established dairy centers in the
region where farmers can sell their milk. In this sense, at least in the short run, only farmers
that a priori had the capability to engage in dairy farming would do so. Therefore, while
there is a high positive correlation between wealth and dairy farming, as we discuss below,
the exogenous introduction of dairy farming allows us to link dairy income to adoption of
new potato varieties. Our empirical results show that such an inflow of cash relaxes the cash
liquidity constraint and allows farmers to access expensive inputs (seeds of new improved
potato varieties) and therefore increase their adoption rates.

The paper proceeds as follows: section 2.2 develops the theoretical framework.
The empirical methodology is discussed in section 2.3, the data is introduced in section 2.4,

while section 2.5 presents the results. Section 2.6 concludes.

2.2 An adoption model with two technologies and a cash

activity

We use a static adoption model that links diversification with credit market fail-
ures. We begin by assuming a profit maximizing farm-household and a missing labor mar-
ket. While the latter may seem a strong assumption, it corresponds to the labor market
conditions (or lack of) faced by the Peruvian small farm-households that comprise the data.

The farmer allocates labor between crop production and a cash activity. In ad-
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dition, the farmer chooses between two crop varieties: either adopting new variety (N)
that requires additional inputs Xy, or the traditional variety (T') that only requires labor.

Formally, the farmer’s problem is:

Maz 1II =pnan(In,zN,27) + prar(ir, 27) + poac(le, 2°,27) — pzy N (2.1)

lNllT’lCﬂ:N
where:

N,T,C are subscripts for the new crop variety, traditional variety and the cash

activity respectively,
p; is the exogenous price of product j,
g; is a production function of j,
l; is the labor allocated to the production of j,
zy are variable inputs for the production of the new variety N,
29 are production related characteristics for all activities,
2¢ are characteristics specifically related to the cash activity.

The farmer faces a labor constraint:

L-ly-lp—-I1c>0 (2.2)

where I is the total labor endowment of the farm,

a cash liquidity constraint:

C- PznTN 2 0 (23)

where C is the total income from the cash activity:

C = pogclle, 2% 2°) (2.4)
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and the non-negativity constraints:

Iv >0 (2.5)
an >0 (2.6)
Ir>0 (2.7)
lc>0 (2.8)

We can solve the maximization problem in two parts. Below we present the main
results. Appendix B has a complete derivation of the solution to this maximization problem.
First, we assume that the labor constraint is binding (i.e. equation (2.2) holds with equality)
and focus on the case where farmers produce both the traditional and the new variety. This
implies that none of the corresponding non-negativity constraints are binding. Substituting

equation (2.2) for Iy, the maximization problem becomes:
M gw{M az pnav(In,zN, 2%) + prar(L - Iv — le, 2%) + peac(lc, 2°% 29) — poyan} (2.9)

subject to constraints (2.3), (2.8) as well as (2.5), (2.6), (2.7) being strictly positive.

The first order Kuhn Tucker conditions that describe the interior solution are:

of(:)  Ogn ogqr _

By DN By —pTalN =0 (2.10)
and
on(.)  Ogn _
dzn  PNazy ~Pen (+u)=0p20 @1

where p is the multiplier associated with the cash liquidity constraint.

Two cases arise depending on whether the cash constraint is binding or not.
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Case 1 Unconstrained
If the cash constraint is not binding (u = 0), the optimal quantities of z and Iy
are given by:
IB}‘\'{ = zkr(PN,PzN,PT, zq7_L_| lé) (212)
and
B = (PN, Pay b1y 2%, L] 1) (2.13)

where the superscript u refers to the unconstrained case.

In addition, since

Ilr=L-Iy-1¢

and given (l¢):
I = (PN, Pay,pr, 2%, L| 1) (2.14)

Notice that the optimal levels of these inputs depend on the labor demand for the
cash activity (I¢). Substituting for I%, 2}, and I} in equation (2.9), the reduced form for

the cash activity’s labor demand Ic can be solved as:

ZE' = l?}'(erpzuvaa zq’Z:pC) zc) (215)

Case 2 Constrained
On the other hand, if the cash constraint is binding (g > 0) then:
CII?\; = m?v(PMPzNaPT: zqaz7 l(C:'a C) (216)

1% = (PN, P2y p1, 2%, L| 1&, C) (2.17)
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and
1% = (PN, Poy, P, 2%, L| 1, C) (2.18)
where the superscript ¢ refers to the constrained case.

In this case, these quantities do not only depend on the labor demand for the cash

activity, but also the cash activity income itself. These are given by:

& = I&(pN, Poy, PT: 27, L, PO, 2°) (219)

C = C(p,Pan 21, 2%, L, pC, 2°)

The important implication of the model above is that while cash income (C) does

not influence the adoption decision for liquidity unconstrained farmers, it does so for the
constrained. By engaging in the cash activity, cash constrained farm-households generate
income that allows them to substitute for their inability to access credit. This in turn allows
them to purchase cash inputs (X) and increase their adoption rates of the new technology.

It is in this context that diversification can be thought as an alternative mechanism to

overcome credit market failures that impede adoption.

2.3 Econometric specification

The findings of section 2.2 show that cash income (C) affects the adoption decision
only for those farm-households that are cash constrained. This has important consequences
for statistical modeling. In particular, while in the unconstrained case crop production and
cash income practices are unrelated in terms of cash liquidity, this is not true for those
farmers that are cash constrained. The implication is that to correctly model the adoption

process, we need to simultaneously model both decisions.
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To formalize, we first define adoption (A) to be the share of the seeds planted of the
new variety over the total quantity of seeds planted. Then, from equations 2.16 and 2.19,

adoption for cash constrained farm-households can be specified in the following system:

A® = A%(z,C,lE;B) + €1 (2.20)
C =C(z,w;7) +e2 (2.21)
& =1&(z,w;0) +e3 (2.22)

where:

& = {DN, Pzy,PT, 2%, L} is a vector of characteristics that affect both the adoption

decision and the cash activity,

w = {pc, 2°} are instruments correlated with the cash activity but not with adop-
tion,

€1, €2,€3 are uncorrelated, normally distributed, i.i.d. disturbances and

B, v and ¢ are vectors of coefficients to be estimated.

Equations (2.20) through (2.22) constitute a recursive system. However, both the
cash activity labor demand and cash activity income are endogenously determined with the
adoption decision. We can consistently estimate this system using instrumental variable
techniques.

On the other hand, our theory suggests that cash income does not affect the
adoption decision for farmers that are unconstrained. For them, the correct specification

using equations (2.12) and (2.15) is:

AY = A%z, B v) +wn (2.23)
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it = lg(z, w;€) + we (2.24)
where
x and w are defined as above,
w1, wy are uncorrelated, normally distributed, i.i.d. disturbances and
v and £ are vectors of coefficients to be estimated.
This latter case, as we discuss below, provides us with a counterfactual test between
the relationship of cash income and adoption by testing whether cash income indeed does

not affect the adoption process for these farmers. For both specifications we implement a

two-stage least squares estimation.

2.4 Data

The data comes from the province of San Miguel, which is located in the state of
Cajamarca, in northern Peruvian Andes. The economy in the region is dominated by small
farms with potatoes being the main agricultural crop. In addition to potatoes, production
of dairy (cash activity) has evolved in recent years as another important activity. The
farmers sell their milk to Nestle, which operates refrigeration posts throughout the region.
Farmers bring their milk daily to these posts. Recently, another dairy company has entered
the market, offering competitive prices for milk. The World Bank collected this data in 1999
with the goal of obtaining baseline data to evaluate the impact of a pilot farmer field school
program being administered by the International Potato Center and CARE International.

Following Feder et al. [21], we classify a farmer as credit constrained if she wanted

credit and could not get it either because collateral was missing or credit was not avail-
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Table 2.1: Typology of farm-households

Cash activity
Credit constrained Yes No Total

Yes 187 46 233
No 224 29 253
Total 411 75 486

able. A farmer who did not get credit because credit was too expensive is classified as
credit unconstrained (Table 2.1). Since the level of our analysis is within the constrained
subpopulation, we treat this classification as exogenous. That is, since we are interested
in understanding behavior among constrained farmers only (by showing that dairy income
allows those who engage in dairy farming to adopt more), we do not endogenize the credit
constraint.

The distribution of adoption intensities of the new potato variety is presented in
a kernel density in Figure 2.1. Intensity of adoption is defined as the ratio between the
quantity of new variety seeds planted to the total seeds planted. The striking observation
from the figure is to noti;e that credit unconstrained farm-households have a very similar
adoption distribution to that of the credit constrained farm-households that produce dairy.
In addition, credit constrained farmers that do not engage in the dairy activity have much
lower rates of adoption. On average, farmers in dairy have adoption rates of around fifty
percent (also see Tables 2.2 and 2.3) compared with only twenty five percent for those with
no dairy income. These observations suggest the existence of complementarities between
the dairy activity and adoption of the new varieties of potatoes. In fact, if the adoption
rates for the unconstrained are thought to be the outcome of “optimal” rules, then dairy

income seems to compensate those farm-households that are credit constrained so that they
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Figure 2.1: Adoption intensities of new variety
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can achieve similar adoption rates to those of the unconstrained.

Descriptive statistics for the credit constrained households are presented in Table
2.2. In terms of income, more than half of a typical farm-household’s income is derived
from potatoes!. Yet, for credit constrained households engaged in dairy, potato income only
comprises half of total income compared to more than two thirds for those not engaged in
dairy. In addition, farm-households who are engaged in the cash activity are wealthier than
those who are not. They own more than twice the amount of land and have both more
farm and household assets. They are also closer to the main market and have better road

infrastructure. The average annual dairy income for those who engage in it is 2877 soles

1At the time of the survey, not all households had finished harvesting. Therefore, the results are likely to
be underestimating potato income. Any comparisons are only suggestive and should be treated cautiously.
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(around US $ 800), a considerable amount.

Finally, Table 2.3 compares credit constrained and unconstrained farm-households.
Unconstrained farm-households are wealthier and they adopt more than constrained ones.
Interestingly, while they adopt almost twice as much of the new variety seed in quantity,
their adoption rate is not significantly different from that of constrained households that
have dairy income (from Table 2.2).

To summarize, the descriptive statistics seem to indicate that while access to credit
may hinder some households to adopt new potato varieties, credit constrained farmers
engaging in dairy have significantly better adoption rates. This suggests that dairy income
may be compensating, to some extent, for the lack of credit. Yet, even though dairy income
may compensate for adoption rates, the level of adoption is lower for the credit constrained.

Section 2.5 presents the empirical findings and analyzes the impact of dairy on

adoption.

2.5 Results and analysis

Dairy income and adoption

Estimation of equations (2.20), (2.21) and (2.22) is presented in Table 2.4. Indeed,
dairy income positively and significantly affects adoption. This supports the hypothesis that
diary (cash) income complements adoption of new varieties. However, the strength of these
results depends to the extent that dairy income “relaxes the credit constraint”-and thus
increases the cash liquidity for these farm-households- and is not the product of a “wealth

effect.” In other words, for our results to be consistent with our story of diversification for
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Table 2.2: Household descriptive statistics for the credit constrained only by dairy activity
No dairy activity With dairy activity

Potato seeds planted

New variety(kg.) 119 313*
Traditional (kg.) 277 251
Total (kg.) 396 564*
Adoption rate (%) 26 50*
Dairy (cash) activity
Dairy income (soles) 0 2887*
Herd size (#) 1.8 7.4%
Dairy pickup stop (%) 85 79*
Total labor applied (days) 64 310*
Dairy refrigeration in the community (%) 33 55%
Inherited cows (#) 0.2 0.3
Wealth-assets
Total land owned (hectares) 4.7 10.0*
Total farm assets (soles) 293 394*
Total household assets (soles) 459 709
Rooms (#) 2.0 22
Income sources
Potatoes (%) 66 54*
Dairy (%) 0 36*
Off-farm (%) 31 9*
Other crops (%) 3 1*
Production characteristics
Total arable land owned (hectares) 4.3 8.6*
Household labor force (#) 2.7 2.8
Household head age (years) 43 44
Household head education (years) 4.5 4.8
Transaction costs
Distance to main market (km) 362 258*
Good road quality (%) 0 T*
CARE in the community (%) 72 83*
obs 46 187

* means that there is significant difference between the two groups at the 90% level or more
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Constrained Unconstrained
Potato seeds planted
New variety(kg.) 275 470*
Traditional (kg.) 256 389*
Total (kg.) 531 859*
Adoption rate (%) 45 49
Dairy (cash) activity
Dairy income (soles) 2317 3502*
Herd size (#) 6.3 9.3*
Total labor applied (days) 271 262
Dairy pickup stop (%) 80 58*
Dairy refrigeration in the community (%) 50 62*
Inherited cows (#) 0.3 0.5
% with cash activity 80 8g8*
Wealth-assets
Total land owned (hectares) 9.0 11.6*
Total farm assets (soles) 374 541*
Total household assets (soles) 660 671
Rooms (#) 2.2 2.5%
Income sources
Potatoes (%) 55 49 -
Dairy (%) 32 41
Off-farm (%) . 12 10
Other crops (%) 1 1
Production characteristics
Total arable land owned (hectares) 7.8 9.5%
Household labor force (#) 2.8 3.0*
Household head age (years) 43 45*
Household head education (years) 4.8 4.8
Transaction costs
Distance to market (minutes) 278 241*
Good road quality (%) 6 11*
Member or CARE (yes/no) 74 64*
obs 233 253

* means that there is significant difference between the two groups at the 90% level or more
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Table 2.4: Adoption of new variety for the credit constrained (2SLS)

Adoption (A®) Dairy
Income (C) Labor (I%)

Dairy (cash) income () 0.00008**

Total labor applied to dairy activity (%) -0.003

Household labor force (#) (L) -0.0006 101 -0.6
Production characteristics (29)

Total arable land owned (hectares) -0.015 45%** 1.1+

Household head age (years) 0.0009 58*¥* 1.9%%*

Household head education (years) -0.004 130* 6.1%*
Transaction costs (p)

Distance to market (minutes) -0.003*** -5 TH** -0.5%**

Good road quality (yes=1) 0.220%** -728 34
Dairy (cash) activity (2¢)

Dairy refrigeration availability (yes=1) 890** -11.0

Dairy pickup stop (yes=1) 1195%* 54.4%*

Inherited cows (#) 413%** 43

Constant : 1,73 -1317 241

obs 233 233 233
R? 0.23 0.27 0.20

A dopti on: Quantity of new variety seed planted

Quantity of total seed planted
Dairy income: income from dairy production

Dairy labor: labor used for dairy production
Significance levels:*:90%, **:95%, ***:99%
The Sargan test for overidentification cannot be rejected at the 95% confidence level

adoption, dairy income should have no impact on adoption decisions for credit unconstrained
households. This would correspond with the predictions of our theoretical model and in
particular with equation (2.12). We implement a counterfactual test by estimating equations
(2.20), (2.21) and (2.22) for the credit unconstrained. Table 2.5 presents the results. As
expected, for the credit unconstrained farm-households, dairy (cash) income does not affect
adoption decisions.

Combining the above findings with the summary statistics from section 2.4, we
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Table 2.5: Adoption of new variety for the credit unconstrained (counterfactual) (2SLS)

Adoption (A%) Dairy
Income (C) Labor (I%)

~

Dairy (cash) income (C) -0.00006
Total labor applied to dairy activity( ’g) 0.002
Household labor force (#) (L) 0.014 254* 2.0
Production characteristics (z9)
Total arable land owned (hectares) 0.0007 105%** 1.6%**
Household head age (years) -0.001 96*** 1.5%**
Household head education (years) 0.003 384+x* 3.1
Transaction costs (p)
Distance to market (minutes) -0.002*** -4.8* -0.3%**
Good road quality (yes=1) 0.162 1951%* 1.3
Dairy (cash) activity (2¢)
Dairy refrigeration availability (yes=1) 144* 2.2
Dairy pickup stop (yes=1) 68** 37**
Inherited cows (#) 70* 3.3*
Constant 0.351 -3654*** 224%%*
obs 253 253 253
R? 0.21 0.36 0.18

: . Quantity of new variety seed planted
AdoPtlon' Quantity of total seed planted

Dairy income: income from dairy production

Dairy labor: labor used for dairy production

Significance levels:*:90%, **:95%, ***:99%

The Sargan test for overidentification cannot be rejected at the 95% confidence level
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can conclude that while dairy enables credit constrained farmers to achieve desired rates
of adoption by overcoming liquidity constraints, there are still significant differences in the
level (quantity) of adoption between credit constrained and unconstrained. Therefore, dairy
income has a wealth effect only to the extent that it allows farmers to produce a higher

quantity for the new potato variety and it does not alter the production behavior of those
who do not need it (credit unconstrained).

The cost of dairy

As we have shown, for the credit constrained, shifting resources away from potato
production and into dairy production positively affects the adoption intensity of the new
potato varieties. However, this shift of resources may come at a cost. Under our assumption
that potatoes are a more profitable activity than dairy, it would imply that there is an
excess resource use (and hence a cost) in producing dairy via the necessary reallocation of
resources (and especially labor) to the dairy activity. That is, even though credit constrained
households improve adoption rates by producing dairy, the fact that they shift labor to do
that implies that they may be overproducing milk in order to ameliorate their ability to
adopt.

One way to capture and test such an effect is to estimate the additional labor that
is shifted towards the dairy activity by credit constrained households. To implement this,
we use the estimated coefficients (E)and predicted error (wz) from equation (2.24) to predict

the dairy activity’s labor demand for credit constrained households that also engage in the

dairy activity. This demand can be interpreted as the quantity of labor that would have
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been used for dairy if these credit constrained households were not constrained, that is:
1| if unconstrained = I%(z, w; £) + @3 (2.25)

The hypothesis is that if we compare this labor demand to the predicted values of labor
demand for dairy from equation (2.22), we should find that the latter predicted values are
larger, implying that indeed credit constrained overproduce dairy (to reach higher adoption
rates).

We compare the two distributions of the predicted labor demand functions in
Figure 2.2. Indeed, on average, credit constrained households work more on the dairy
activity as opposed to the amount they would use if they were not constrained (seen by
comparing the peaks of the two curves). Perhaps a more interesting observation is the
fact that the overall distribution of the simulated unconstrained labor demand is shifted to
the left, indicating that indeed the credit constrained would use less labor in dairy. These
simulations support our previous results to show that while resource reallocation is essential

for adoption, it comes at a cost.

2.6 Conclusions

This paper explores the relationship between cash constraints, diversification and
technology adoption. Building on a simple model of adoption, we show that income diversi-
fication can serve as an alternative source for cash liquidity that allows farmers with limited
credit access to adopt new technologies. While this diversification comes at a cost, it pro-
vides an otherwise non-existent mechanism for these farmers to overcome market failures

and adopt better technologies. In this context, diversification complements adoption.
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Figure 2.2: Labor in dairy for credit constrained (observed and counterfactual)
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The results show that dairy income, a new practice in the area of study, is not
displacing potatoes. On the contrary, it complements the adoption of improved potato
varieties for credit constrained farm-households. While programs to help farmers’ adoption
rates such as input-credit or input subsidies are important, facilitating farmers’ ability to
diversify income sources such as dairy income, at least in the short-run, seems to provide
another channel from which farmers can achieve higher adoption rates. Further research to
understand these complementarities between diversification and adoption is an important

next step for implementing better policies and apprehending the adoption process and long-

run diffusion of new technologies.
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Chapter 3

Transactions Costs and the Role of Information: Evidence

from Peru

3.1 Introduction

Unlike the zero transaction costs assumption in neoclassical economic theory,
transaction costs economics (TCE) posits that agents making decisions on different types
of actions do so in a costly way (Williamson [58]). For example, farmers deciding where to
sell a particular crop will base their decision not only on the price they expect to receive in
each market but also on additional costs related to transacting in these markets.

These transaction costs can be divided in two broader categories: variable and
fixed. Variable transaction costs change according to how much a household sells (or buys).
For example, the cost related to transporting a product to a market will depend on the
quantity but also the time it takes to reach the market.

On the other hand, fixed transaction costs are independent of the quantities sold

or bought. They can be further distinguished between information, bargaining and moni-
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toring. Information costs occur before the exchange takes place and include aspects such as
searching for attributes that could facilitate the transaction, finding prices, and searching
for potential buyers. In addition, bargaining or negotiation costs take place during the
exchange and can include the cost of time to reach an agreement, contractual and payment
arrangements. The extent of which a person will be able to minimize these costs will be a
factor of individual characteristics (education, skills, gender), product attributes like quality
or the relationship between the agents participating in the transaction. Finally, monitoring
can ensure that the conditions of an exchange are met (for example enforcing the payment
schedule agreed or that the quality of the product is the correct one).

Based on the above, the main insight from TCE is that an agent engaging in
a transaction will choose the strategy which will maximize overall benefits (Coase [8]).
As such, this paper looks at the marketing decision patterns of net sellers of potatoes in
the Peruvian Andes. Using transaction-specific data, the paper explains how differential
transaction costs influence the selection of markets where the producers choose to sell.
In particular, our findings show that besides price differentials and access to good road
infrastructure, access to information about markets and prices, relationships with buyers
and the farmers’ bargaining abilities, also a',ﬁ'ect market choices. In addition, we find that
bargaining explains a large percentage of the v;a\riation in prices received in the markets.
These results offer an empirical example of the importance of transaction costs in marketing
decisions and market integration. They suggest that policies aiming at reducing transaction
costs should address not only road and infrastructure but also create mechanisms to enhance

information flows. Furthermore, as the results indicate that different aspects of bargaining

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



52

can affect transaction outcomes via both market participation and prices received, increasing
bargaining power should also be a key issue for policy makers.

While the body of theoretical literature on transaction costs is extensive, the em-
pirical literature on transaction costs has been lagging. As transaction costs are often
unobserved, the empirical challenge has been to develop methodologies to meésure them in-
directly. Most data sets usually lack explicit information on variables relevant to these types
of costs. With the exception of transaction costs attributes like distances to markets and
transportation costs, aspects like market information or search and bargaining procedures
are rarely included in most surveys. Therefore, much of the empirical work on transaction
costs has focused on testing their existence but not on their actual measurement or their
effect on behavior.

Nonetheless, there are a number of studies that try to empirically address these
limitations. Cogan [9] estimates a model of labor supply for married women with fixed
transaction costs associated with entry into the labor market. Estimates of these fixed
transaction costs confirm his hypothesis that they are relevant. Earlier studies, on the con-
trary, had found large own-wage elasticities for married women. Cogan’s results suggest
that such large values may be due to ignoring the existence of fixed costs of labor market
entry. Goetz [26] proposes a way of empirically estimating the supply response of coarse
grains producers using data from rural household in Senegal. Recognizing that the decision
of participation in the market is endogenous, Goetz first estimates a probit model to assess
the probability of market participation and then uses the results to correct the estimation of

the response of two distinct variables: quantity sold and quantity bought. He finds that the
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availability of better information about the market raises the probability of market partici-
pation. Hobbs [29] looks at the factors affecting the choice between different types of cattle
marketing and concludes that various transaction costs in addition to farm characteristics
affect the choice of marketing channel.

More recently, Key, Sadoulet and de Janvry [34] develop a theory of household
behavior under the presence of both fixed and variable transaction costs. Applying their
model to Mexican data of corn producers, they estimate a censored regression with unob-
served threshold and confirm the importance of both variable and fixed transaction costs.
Finally, Renkow and Hallstrom [49] develop a conceptual framework for quantifying fixed
transaction cost of semisubsistence farm-households in Kenya and find that on average,
these costs are equivalent to a 15 percent ad-valorem tax.

The paper proceeds as follows: section 3.2 discusses the decision process that
farm-households face in allocating their marketed surplus to a market. Insights from the
transactions specific survey are presented in section 3.3, while the results and subsequent

analysis are in section 3.4. Section 3.5 concludes.

3.2 Decision timeline

In order to conceptualize the problem, consider an economy that produces an
agricultural product. A farm-household’s production decision process in this economy can
be divided in three phases. Initially, during the planting season, farm-household 7 chooses
the optimal allocation of resources to determine the total quantity to be produced. Following

a typical farm-household setting, this decision will be based on the expected price of the
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product, available resources such as labor, land and other incomes.

The second decision phase, at the harvest season, entails household #’s realization
of the effective total quantity produced @; and an assessment of how to allocate it given
available information (such as current product prices, market conditions). In particular, @;
can be consumed or sold.! Denoting the quantity consumed ¢; the marketed surplus for
household i, ¢; is given by:

G=Qi—c (3.1)

The final decision for the farm-household is where to sell the marketed surplus.
Focusing on farm-households that are net-sellers (that is ¢; > 0), and assuming that there
exist J available markets where farm-household ¢ can sell g;, the farm-household’s decision
will be based on a number of factors. First, for farm-household i, selling in market j will be
associated with variable transaction costs T'C};. These costs are a function of the distance
(dij) and time (m;;) to reach market j, as well as other individual-specific characteristics
that are associated with variable transaction costs (2).2 Variable transaction costs are
thus given by:

In addition, the farm-household will consider the expected price to be received at

each candidate market j. In particular, the expected expected price Ep;;] to be received

at market j is decomposed in:

Elpij] = E[p; + B(gi, 25;)] (3.3)

10Of course, other options that could be incorporated in this decision are the possibility for storage or
payment in kind. However, these do not add much to our analysis at this point so we omit them for simplicity.

2For example, owning a truck versus an animal affects both the quantity able to transport and the time
to reach all the markets.
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where Pj is a market specific exogenous expected price; and B (q,-,zfj) is a potential price
markup that farmer 4 expects to receive in market 5. This markup depends on the quantity
sold (g;) as well as other bargaining related attributes such as bargaining ability, experience
or product quality (z,‘-’j). Notice that for the same farmer i these may differ across markets.

The expected price received and the variable transaction costs can be used to

comprise the expected revenues R;; associated with market j:
Rij = qi » (E[pi;] - TC}) (3.4)

Selling to market j is also associated with fixed costs TCYf (z;g) Such costs are related to
searching for the best market and buyer or obtaining information about prices. In addition,
they are invariant to the specific quantity sold and may also be market specific. For example,
knowledge of market specific attributes such as prices and relevant infrastructure (that
could potentially affect the probability of finding a buyer) can influence the decision of a
farm-household as to where to sell. Individual specific characteristics such as experience,
education, gender and age could also enhance the ability to collect and analyze relevant
information and thus can affect market choices. Finally, contractual agreements between a
farmer and a specific buyer or information about types of contractual agreements available
at different markets may also affect market choice.

Based on the above, farm-household 7 will sell ¢; in the market that yields the
highest net profits (II;;). Specifically, farm-household i will choose to sell in market j such

that:

j : argmax{Ilj = Ry; — TC/ (2];)} (3.5)
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or in reduced form:
j : argmax{IL; = g; * (E[B7 + B(gi, 25;)] — TC"(dij, msj, 25)) — TCH ()} (3.6)
As such, observing farm-household’s i selling in market j implies that:
O >y Vi#k 3.7)

Two questions can be tested empirically using this framework: (i) whether the
farm-household’s market choice is influenced by both variable (distance, time) and fixed
(information, search) transaction costs (Eq. (3.6)); and (ii) how does bargaining affect the
seller’s prices received (Eq. (3.3)).

3.3 Transaction costs insights from rural Peru

Markets, transactions and location The data used in this paper, collected in early
2001, comes from a survey of 229 small-scale farm-households in the province of Tayacaja in
Peru (Figure 3.1). The main objective of the survey, designed and implemented by Javier
Escobal at the Grupo de Anélisis para el Desarrollo (GRADE), was to study transaction
costs. These farm-households are part of about 1500 households in the region dedicated
mainly to potato production.? A number of different locations exist where they can sell
potatoes: the farmgate, two local markets (Pazos and Pichus) and two distant ones (Huan-
cayo and Lima).? The two local markets open twice a week while the two distant ones are

s open every day. Farmers can also arrange directly with buyers to come at the farmgate to

3For an extensive description of the region see Escobal [1].

4There are a number of other small markets where farmers could potentially transact, but are not included
them in the analysis due to too few observations.
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Figure 3.1: Survey map
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purchase their potatoes. Potential buyers also travel around these communities in search
of potatoes, which allows informed farmers to sell at the farmgate. All markets are open
markets with minimal infrastructure. However, the distant markets are larger and thus
attract more sellers and buyers. The average quantities sold in these markets is also higher.

As such, the fact that not everyone sells in those markets can be partly attributed to high

transaction costs, as discussed next.
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The transactions typically occur as follows: a seller is approached by a buyer
(even though the opposite can also occur). The buyer proceeds to evaluate the condition
and quality of the potatoes and then the two parties negotiate a unit price. If there is an
agreement, they weight the quantity and conclude the transaction.®

Farm-households can also be distinguished based on their access to road infrastruc-
ture: about two thirds of the households have good road access, while the rest reside in
a region with limited road network (North-East region in Figure 3.1). This latter group
of farmers is also significantly farther away from the available markets (Table 3.1), and as
seen below have fewer assets, produce less and are overall poorer than the farmers that have

access to good roads.

Market destination Table 3.2 presents the average quantities sold per transaction in the
different markets. In general, the average quantity sold in distant markets is significantly
higher than the quantities sold locally or at the farmgate. In addition, the sales quantity
per transaction is strongly correlated by the road access. Farm-households with good road
access sell on average 3 times more per transaction than those with bad road access. As
mentioned above, road access (and in effect the distance and time to reach a specific market)
can play an important role in the market choice and as such, good road access enables farm-
households to sell in distant markets more easily.

In fact, sales in distant markets represent more then two thirds of total sales for

farm-households with good road access, as opposed to only 25 percent for farm-households

®In most cases, each party uses his own weighting scale out of concern that the other agent may tamper
the machine.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 3.1: Sample structure, transactions and location

Good road access Bad road access All

Number of farm-households 138 91 229
Sales transactions:
Total number 671 533 1204
At the farmgate 291 43 334
In local markets 175 436 611
In distant markets 205 54 259
Average number per household: 5.5 6.7* 6.0
Average distance to (km):
Pazos (local) 22 82%* 47
Pichus (local) 45 48 27
Huancayo (distant) 79 139* 100
Lima (distant) 377 437* 426
Average time to (minutes):
Pazos (local) (i 372%* 101
Pichus (local) 187 152* 54
Huancayo (distant) 136 432* 148
Lima (distant) 436 732% 270

* gignificantly different from those with good road access at the 90% level or more.

Table 3.2: Quantities sold per transaction (by market and road access, in kilos)

Good road access Bad road access All

Farmgate 5285 1787* 4555
Local markets: 3683 2375* 2750
Pazos 3683 3088* 3433

Pichus n.a. 1914 1914
Distant markets: 10452 81281 10236
Huancayo 8948 8128! 8821
Lima’ 15481 n.a. 15481
All 7108 2831* 5215

* significantly different from those with good road access at the 90% level or more.
! Small sample.
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Figure 3.2: Distribution of total quantities sold, by market destination and road access
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with bad road access (Figure 3.2). For farm-households with bad road access, almost 70
percent of the marketed surplus is sold in local markets, suggesting the importance of access
to good roads in choosing markets.

The survey also included a question about why the farm-household chose the
market where they sold. These perceptions signal not only what the farmers may value the
most in terms of market choice, but indirectly the level of information they may have. The
main reasons that farmers considered for making the market choice were: the expectation
for higher prices, availability of more buyers and a higher trust level in the potential buyers
in that market (Table 3.3). These results indicate that the expected price is not the only

consideration for farmers in deciding where to sell. Instead, transaction related aspects like

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



61

Table 3.3: Perceptions by market and by road access

Good Road access Bad Road access
Farmgate Local Distant Farmgate Local Distant
The farmer prefers to sell in this market because of (%):

Higher prices 23 44 38 4 55 89
More buyers 30 26 33 0 30 0
More trust in buyers 27 20 25 4 5 11
Only option available 20 9 3 86 2 0
Other reasons 0 1 0 6 8 0
The price received was |[...] compared to the expected price (%):
Higher 5 8 3 0 0 0
Lower 30 26 25 53 19 3
Same 65 66 72 47 81 97

* significantly different from the group to its left at the 90% level or more.
** significantly different from the distant market at the 90% level or more.

the availability of buyers (that could signal lower transaction costs in terms of the higher
probability to find a buyer), or the trust-worthiness for buyers in specific markets (reflecting
information asymmetries) are also aspects that the farmers take into consideration to decide

where to sell.

Transaction specific data Perhaps the most interesting aspect of the survey is the
availability of transaction costs related information. In particular, the survey contains data
on 1204 potato sales transactions in the five markets described above. As discussed earlier,
one way to classify transaction costs is between transportation, information, bargaining and
monitoring. First, t;a.nsportation costs are expected to be higher the furthest a market is.
Indeed, per kilo transportation costs are higher for transactions that take place in the more
distant markets (Table 3.4). Specifically, the transportation costs for farm-households that
sold in local markets was on average three cents per kilo, as opposed to eleven cents for

those that sold in the two distant markets.
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Table 3.4: Transportation costs by market and road access (in soles)

Good road access Bad road access All
Total Per kilo Total Perkilo Total Per kilo
Local markets: 204* 0.06* 58* 0.02* 100*  0.03*
Pazos 215 0.06 99 0.04 153 0.05
Pichus n.a. n.a. 27 0.02 27 0.02
Distant markets: 1121 0.12 309 0.04 1025 0.11
Huancayo 857 0.11 3090 0.04 772  0.10
Lima 2003 0.15 n.a. n.a. 2003 0.15
All 550 0.07 77 0.02 341 0.05
* significantly different from distant markets at the 90% level or more.
! Small sample.

Table 3.5: The role of information: knowing prices

Among farmers who sold in:
Local Distant
Farmgate Pazos Pichus Huancayo Lima

% of farmers who knew prices in:

Farmgate 24 13 1 21 10
Pazos 60 60 8 64 32
Pichus 9 9 40 6 7
Huancayo 50 24 1 84 51
Lima 14 4 0 15 895

Obs 257 329 184 258 68

Prior to deciding where to sell, farm-households form expectations about the prices
in each market. This will require time to collect information from different sources and
knowledge about markets and seasonal idiosyncrasies that could affect prices. Interestingly,
with the exception of the farmgate, the market that farmers chose to sell is the one that they
are more likely to know the prices (Table 3.5). For example, among farmers that sold in
Pazos, a local market, almost two thirds of the farmers knew the price in Pazos as opposed
to only 24 percent for Huancayo. Similarly, 85 percent of those farmers that sold in Lima
knew the price there, the highest among all other markets for these farmers. This strongly

indicates the importance of information in deciding where to sell.
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In addition, farmers that sell in distant markets seem to be more informed overall
in terms of information about prices in different markets. (Table 3.5). By contrast, farmers
that sell in local markets have information mainly about the prices of the market where they
sell. One explanation is that, as discussed above (Table 3.1), most of the farmers that sell in
local markets are farmers with bad road access to the distant markets. For them accessing
these markets is too costly and therefore collecting information about them may not be as
important. Consistent with the above is the fact that compared with households that sold
in other markets, more farm-households that sold in distant markets reported that the price
received was the one expected (Table 3.3). Still, very few farm households reported receiving
a higher price than expected, while a third of the farm households reported receiving on
average a lower price, suggesting the importance of information in forming expectations and
thus influencing the market choice decision.

Another aspect of information costs is that related to search costs for finding mar-
ket specific information or potential buyers. One would expect that this type of information
to be more difficult or costly to collect for distant markets, as a person will generally know
more about the place he resides. Interestingly, almost two thirds of the farm-households
that sold in distant markets found the buyer prior to the transaction, compared with only
a third of the farm-households that sold in local markets (Table 3.6). Still, finding a buyer
is costly: half of the farmers that sold outside the farmgate needed on average more than
two hours to sell their product, a third needed between one to two hours while the rest did

not find a buyer in the same day, implying that the transaction costs for finding buyers are

important.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 3.6: Transaction cost related variables by market destination

Farmgate Local Distant

Information and search (ex ante)

Found a buyer and fixed price before the sale (%) 37** 35 63*
Knew buyer (%) 64** 81* 88*
Buyer lives in same area (%) 35%* 11* 0*
Time to sell in market (%)
less than an hour n.a. 12 16*
between 1-2 hours n.a. 37 29*
more than 2 hours n.a. 43 43
not in the same day n.a. 8 11*
Bargaining and negotiation
Number of negotiation rounds before agreeing on price  1.3** 1.5%  1.9*
Farmer bargained himself (%) 58** 79* 63*
Number of available buyers if sold at farmgate 2.7 n.a. n.a.
Had problems agreeing on quality (%) 42%* 20* 36*
Managed to agree on quality (%) 40%* 18* 50*
Buyer paid with cash (%) 60** 65* 37*
Land owned (hectares) 4.8%* 4.7 6.6*
Farm experience (years) 17** 19* 19
Improved variety (%) 65%* 52% 82*%
hh head age (years) 47** 50* 49
hh head education (years) 5.3%* 5.3 5.7*
hh head gender (%) 95 91* 94*
hh head indigenous (%) 57 64* 57*
Monitoring and enforcement (ex post)
Time to get paid (days) 3.0%* 2.1*  4.5¢
Number that farmer had to ask for payment (%) 1.5%* 1.6*  2.0*
Confidence in buyer (1:worst, 10 best) 4.4** 4.6*  5.0*
Signed an agreement (%) 21** 28* 41*

* significantly different from the group to its left at the 90% level or more.
** significantly different from the distant market at the 90% level or more.
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The ability to affect the price received will depend on a number of factors: the
farmer’s negotiating skills, the product’s attributes (such as quality), or the relationship
with the other party. The survey reveals a number of interesting insights. For example,
farmers that sell in distant markets are wealthier, more educated and have more farming
experience compared with those that sell in local markets (Table 3.6), implying that they
may be better equipped to negotiate. In addition, most of the farmers negotiate the sales
transaction themselves. Still, while the negotiation may be more effective in this way, it
also comes at the cost of additional time spend negotiating.

The quantity sold can also can offer a bargaining advantage for a seller by lowering
the search costs for the buyer. The quantity can also constrain a farmer from selling to a
particular markets as it may not be profitable to sell there below a minimum quantity (in
order to recover transportation or fixed costs). More than 80 percent of the farmers that
sell in distant markets sell improved potato varieties, as opposed to 65 percent of those who
sell at the farmgate and 50 percent of those who sell in local markets suggesting that potato
quality may be more of a desirable attribute for buyers from distant markets rather than
local ones (Table 3.6).5

Still, and reflecting higher fixed transaction costs, a third of all farmers had prob-
lems with agreeing on the quality of the product.” Even though some farmers reported that
they managed to resolve these types of problems, the majority did not. As such, farmers

may not only incur the time costs associated with the negotiation but also settle for a lower

5In fact, field observations revealed that native potato varieties have higher consumption incidences
among local communities than the improved varieties.

"This entails the verification and subsequent agreement between the two parties that the potatoes are of
a specific quality and variety (for example between good and bad condition, or betwen native or improved
variety). While the variety is usually easier to verify, agreeing on the quality can be more challenging.
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price if there is uncertainty about the availability of other buyers.

Finally, even after the transaction takes place, the farmer may still incur additional
costs. For example, the farmer may enter an agreement to get paid in the future and as
such, he can incur costs related to enforcing the sales agreement. Interestingly, for farmers
that sold in distant markets, it took more than four days to get paid, compared to only two
for those that sold in local markets (Table 3.6). This could be one explanation as to why
40 percent of the farmers that sold in distant markets signed a contractual agreement with

the buyer.

3.4 Understanding market choices and the role of transaction

costs

Market choice The empirical patterns in the previous section suggest that both fixed and
variable transaction costs related variables such as transportation, information, bargaining
and monitoring could be linked to farmers’ market choice. Based on Eq. (3.6) from section
3.2, household 7 will choose market j to sell, as long as the net profits are the highest than

any other market. The probability that individual 4 will choose market j is:

exp(B'zi; + ajy;)
. (3.8)

Y exp(B'zik + als)

k=i

Pl‘Obij =

where z;; is a vector of characteristics for market j as perceived by farmer i; y; is a

vector of individual characteristics for farmer i; ; and f are coefficients to be estimated.®

8While 3 shows the effect of an attribute specific parameter (such as distance to a market), a; captures
the market specific impact of individual characteristics (such as the role of education) on the market choice.
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Table 3.7 reports the results for a reduced form conditional logit of market selection
(Eq. (3.8)).% The results indicate a number of interesting patterns. First, holding other
variables constant, farmers are less likely to sell in any of the markets compared with selling
at the farmgate. It is interesting to note that for the distant markets the effect is stronger.
In other words, if these dummies can be interpreted as capturing the role of location (and
therefore of variable transaction costs), they suggest that the further away a farmer is from
a market, the more likely it is that he will choose to sell at the farmgate instead of that
particular market.

In terms of variable costs, and as expected, the longer it takes to reach a specific
market, the less likely it is to choose to sell in that market, reflecting the higher variable
costs associated with reaching more distant markets. In addition, access to good roads
makes it less likely for farmers to sell in local markets, compared to selling at the farmgate.
This implies that buyers may be more willing to come at the farmgate if roads are better.
Conversely, since transaction costs are lower for farmers with good road access they are
more likely to sell in distant markets compared to selling at the farmgate.

A number of fixed transaction costs related variables also affect the market choice
decision. For example, indigenous farmers are less likely to sell in distant markets and
more likely to sell in local markets (as opposed to selling at the farmgate). This could
be suggesting that fixed costs such as language barriers may be constraining the ability
of indigenous farmers to integrate in some markets. It could also indicate that indigenous

farmers face discrimination in some markets so that their overall participation is limited.

®We report relative risk ratios. Thus, for a market specific attribute (such as distance to market j),
a coefficient greater (less) than 1 implies that a unit increase (decrease) for that attribute will increases
(decrease) the likelihood of choosing the corresponding market.
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Table 3.7: Market choice: conditional logit

Market choice

Markets
Pazos (Local market) 0.72
Pichus (Local market) 0.82
Huancayo (Distant market) 0.08***
Lima (Distant market) 0.01**
Quantity sold (predicted)
Quantity * Pazos G 1.0002%**
Quantity * Pichus G 1.0001
Quantity * Huancayo (o 1.0005***
Quantity * Lima q 1.0007***
Quantity * Access to good road * Pazos q *z?  0.9997+**
Quantity * Access to good road * Pichus a ¥z 0.9999
Quantity * Access to good road * Huancayo q *z” 0.9995%**
Quantity * Access to good road * Lima g *z” 0.9995**
Proportional Transaction Costs
Distance to market (in km) dy 1.007
Distance to market squared d; 0.99997
Time to market (in minutes) m;; 0.99367***
Time to market squared my; 1.000007
Access to good road * Pazos zp  0.17%
Access to good road * Pichus z7 0.01***
Access to good road * Huancayo z? 2.43
Access to good road * Lima zf 18.79
Bargaining and negotiation
Indigenous * Pazos zZ 115
Indigenous * Pichus z°  1.60**
Indigenous * Huancayo z  0.84
Indigenous * Lima zZ  0.53**
Improved variety * Pazos z° 1.75%*
Improved variety * Pichus z° 0.61**
Improved variety * Huancayo z 1.63**
Improved variety * Lima z° 2.58**
Experience * Pazos z" 107
Experience * Pichus 2 1.07%*
Experience * Huancayo z; 1.05%**
Experience * Lima 7 LOB***
Information
Farmers in village know the market price (%) 7 3.00***
Date of sale
Big harvest season * Pazos 1.42%*
Big harvest season * Pichus 1.64**
Big harvest season * Huancayo 1.40**
Big harvest season * Lima 1.40
Observations 5480

Ommited market is farmgate.
Relative risk ratios reported
Significance of underlying parameters: * at 10%; ** at 5%:; *** at 1%
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Table 3.8: Quantity sold (OLS estimation)

Production characteristics

Access to good road (yes=1) 4,744%**
Farming experience (years) -26
Indigenous (yes=1) -622
Improved variety (yes=1) 1,500%**
Date (at harvest=1) 939%**
Number of adults 8Hg***
Land owned (hectares) 1,267%**
Household characteristics

Number of children 351*
Number of elder 1,134%%*
Constant -9,437***
Observations 1096
R-squared 0.42

Dependent variable: quantity sold (in kilos)
Significance of underlying parameters: * at 10%; ** at 5%; *** at 1%

Furthermore, experience (reflecting the ability to negotiate), makes farmers more likely to
interact with all of the markets compared with selling at the farmgate. Finally, the higher
the quantity the farmer has available to sell sold the higher the likelihood of selling in a
particular market, especially in distant markets?.

Knowing the prices in different markets can allow a farmer to make a more informed
decision about where to sell. We thus expect a positive effect of this knowledge on the
probability to sell in a specific market. Nonetheless, as collecting such information is likely
to be endogenous to the market selection, for the estimation, we proxy this by the share
of farmers in a farmer’s village that knew prices in a specific market. Indeed, we find that
a higher level of information about prices in a specific market increases the likelihood of

selling in that market, corroborating the story that information is indeed crucial for market

selection.

%Gince the decision of how much to sell is likely to be simultaneously taken with the decision of where to
sell, we instrument the quantity sold (g;) using a number of production and household characteristics (Table
3.8). The identifying instruments were the number of kids and elder in the household.
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In summary, while variable transaction costs are key elements for the market
decision for potato farmers, a number of fixed transaction costs relating to bargaining and
information are also important determinants for market choice. We now try to further

explore these results in order to understand the relative importance of these effects.

Prices received and bargaining According to Eq. (3.3), the expected price received at
a given market will depend on the actual market price observed and any additional markup
that the farmer could obtain. Therefore, the ability to bargain with buyers will be a crucial
factor in the determination of this market price. We thus expect prices received both within
and across specific markets to vary significantly. Table 3.9 presents the prices received per
kilo of potatoes by market and road access. Indeed, there is a more than thirty percent
variation in the prices received, and the pattern remains even after decomposing the prices
by market access.!! One additional interesting point worth indicating is that the farmgate
offers the lowest prices while the more distant market the highest. Still, these prices do not
account for transportation costs so that comparisons across markets are not appropriate per
se (the next section addresses this issue). These findings seem to corroborate the hypothesis
that while there is a significant variation in prices received within a specific market, it is
not entirely explained by market location or market access.!2

To empirically explore the source of this price variation, we estimate a model of
the price received at market j, as a function of farmer attributes that represent different

aspects of bargaining ability. Since the choice of selling in a particular market j is not

The prices reported in the survey are prices received at the market destination and at the time of the sale.
Hence, to make them comparable within each market, these prices are deflated and expressed in constant
prices of December 2000.

12We also compared the price variation based on quantities sold and whether the sale was near the harvest
season or not and still found high variation in the prices.
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Table 3.9: Prices received by market and road access (in soles/kilo)

Good road access Bad road access All
Farmgate 0.20 (0.05) 0.17 (0.03)* 0.19 (0.05)
Local markets: 0.26 (0.07) 0.24 (0.08)*  0.25 (0.08)
Pazos 0.26 (0.07) 0.26 (0.02) 0.26 (0.05)
Pichus n.a. 0.22 (0.02) 0.22 (0.02)
Distant markets: 0.34 (0.09) 0.35 (0.05)* 0.34 (0.08)
Huancayo 0.32 (0.08) 0.35 (0.05)!  0.32 (0.08)
Lima 0.41 (0.07) n.a. 0.41 (0.07)
All 0.28 (0.09) 0.25 (0.08)* 0.26 (0.09)

* significantly different from the group to its left at the 90% level or more.
Standard deviation in parenthesis.
1 Small sample.

random, as the farmer chooses to sell in the market j that leads to the highest expected net
profits, we estimate a price equation correcting for market selection bias using the results

from Eq. (3.8) above. Therefore, for each market j, we estimate an equation of the form:
pij = p(Blai2), M;) ¥ j (39)

where Xij is a market selection correction term derived from equation (3.8).

The results show that a number of bargaining related attributes significantly affect
the price received at the market (Table 3.10). For example, the quantity sold seems to
positively affect the price received, reflecting the fact that the buyer could be willing to pay
more if he can buy everything from the same seller (and thus minimizing his transaction
costs of finding other sellers).

Given the above and the fact that we are more interested in assessing the relative
importance, rather than the magnitude, of bargaining on the price received, we decompose
the price variation and evaluate the relative importance of different bargaining aspects. In

particular, we classify the explanatory variables between those that relate to the exogenously
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Table 3.10: Explaining prices received (by market)

Farmgate Local Distant

Pazos Pichus Huancayo Lima
Quantity sold (in kg.) q -3.2 -0.2 12.1 60.9* -39.3
Hh head farm exper. (years) z" 0.1 -9.2 -12.5 -10.1 -13.2
Hh head farm exper. squared 2> -0.2 0.2 0.5 0.4 0.2
Improved variety (yes=1) z> 107 -21.2 -92.3%* -174.2 -51.1
Knew buyer (yes=1) z;" 393 8.7 0.4 -172.1 -97.1
Harvest season (yes=1) -17.1 -112.7%%% 274.4%% 837 6.9
Selectivity }: -175.7%%*  -70.9 95.4%* 47.1 66.4

ij

Constant -1399%** -1133%** -1478%**  _1367 -358.7
Observations 257 329 184 258 68
R-squared 0.12 0.08 0.58 0.18 0.11
F-test 4.94%%% 2.18%* 25.84*** 0.01%** 2.2¢*

Dependent variable: log of price received
Coefficients reported are multiplied by 1000
Significance of underlying parameters: * at 10%; ** at 5%; *** at 1%

given market prices and those that reflect bargaining (such as ability, product attributes or
relationship with buyers). We keep the variation observed due to the market selection term

separate. Therefore, for each market j, we decompose the total explained variance of the

estimated price received in each market (i.e.Var(p;;) = Var(yw)) in M components (4 in

our case):
M M 1\/_!\ M
Var(} " (w)m) =Y VarGw)m + Y Y Cov((Fw)m(Fw)x) (3.10)
m=1 m=1 m=1 k=1

k#m

where 5 and w are the parameter estimates and explanatory variables from Eq. (3.9). Each
component m represents a subset of w that captures a particular aspect of the price deter-
mination process. For example m = 1 could reflect those variables that affect bargaining
via individual skills while m = 2 the attributes of the product (such as quality).

The decomposition reveals that while for distant markets and the farmgate the role
of bargaining is important, it is not true for local markets (Table 3.11). In particular, for the

distant markets, more than 70 percent of the price variation can be attributed to variation
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Table 3.11: Variation of price received by component

Farmgate _Local Distant
Pazos Pichus Huancayo Lima
Market (time of sales)’ 002 092 091 018  -0.01
Bargaining (ability)? 0.38  0.02 0.0 0.38  0.52
Bargain (product attributes)® 0.00 003 0.06 042 017
Selectivity 061 003 0.04 0.02  0.31

! Harvest season
% Hh head farn experience, knew buyer
8 Improved variety, quantity sold

in aspects related to bargaining. For Huancayo, one of the distant markets, individual
ability, the types of relationships with buyers and product-specific traits are all important
in explaining the price variation. Interestingly, for Lima which is the biggest market but
also the furthest away, more than half the price variation is due to bargaining ability. By
contrast, the price variation in local markets is mainly explained by non-bargaining aspects
like the time of the sale. One explanation is that local markets have overall fewer buyers and
as such sellers may face monopsonistic pricing which may leave little room for bargaining.
By contrast, in the bigger distant markets where there are more potential buyers, bargaining
will be a crucial mechanism for receiving higher prices, especially due to the high level of

asymmetric information about both prices and buyers.

Revisiting the market choice: a semi-structural approach The analysis so far has
established that transaction costs are indeed present and significantly affect farmers’ be-
havior. While the last exercise explored the role of bargaining, the final exercise presented
below compares the relative importance between information and expected prices. In par-

ticular, we want to assess whether, in addition to expected prices, information (and to that
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Table 3.12: Transportation costs (estimations by market)

Local Distant

Pazos Pichus Huancayo Lima
Access to good road (yes=1)  z;* 4.14 -20.68** 1.78 0.03
Distance to market (km) d; -0.024 0.033** 0.015 -0.02
Distance to market squared d; -0.0016** 0.0058***  0.0005**  -0.0005
Time to market(in minutes)  m;  0.06%** -0.007 0.004 0.007
Time to market squared m; -0.00014***  -0.0003***  -0.0001 -0.0006
Big harvest season (yes=1) -1.12 1.44 2.13%* 0.03
Selectivity x -5.48** 8.55%* -0.25 -1.01**

if

Constant -4.93 -23.34*** 691 3.73
Observations 329 184 258 68
R-squared 0.20 0.35 0.06 041

Dependent variable: log of transportation costs paid
Significance of underlying parameters: * at 10%; ** at 5%; *** at 1%

extent fixed transaction costs) is a key determinant for market choice. Unlike the reduced
form analysis above, in this case we want to compare the relative importance between the
two.,

To implement the above, we use the regressions on prices received to predict (ex-
pected) prices for each farmer and market. In addition, as these prices are not comparable
across markets, we discount them by substracting the unit costs related to transporting
potatoes in the particular market. This entails estimating a transportation costs model,
based on Eq. (3.2) and predicting the transportation costs for all markets associated with
each farmer (Table 3.12).1% For each farmer, we then calculate the price net of transporta-
tion costs (Pj; -'IFZ*;’,-), which are now comparable across markets (Table 3.13). As expected,
these net prices are more similar across the different markets than the prices received at the
market (Table 3.9). Interestingly, even after discounting for transportation costs, the price

variation in prices is still high (about 50 percent).

13We also correct for market selection.
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Table 3.13: Prices received net of transportation costs by market and road access (in

soles/kilo)
Good road access Bad road access Al
Farmgate 0.20 (0.05) 0.17 (0.03)* 0.19 (0.05)
Local markets: 0.20 (0.10) 0.22 (0.08)*%%  0.21 (0.09)9¢
Pazos  0.19 (0.10) 0.23 (0.03)*  0.21 (0.07)
Pichus n.a. 0.21 (0.03) 0.21 (0.03)
Distant markets: 0.22 (0.19)° 0.31 (0.05)*%  0.23 (0.13)°
Huancayo 0.21 (0.15) 0.31 (0.05)* 0.23 (0.14)
Lima 0.26 (0.28) n.a. 0.26 (0.28)
All 0.21 (0.14) 0.22 (0.08)*  0.22 (0.12)

* significantly different from the group to its left at the 90% level or more.
<)signiﬁca,ntly different from local and farmgate at the 90% level or more.
O0significantly different from farmgate at the 90% level or more.

Standard deviation in parenthesis.

With the net prices calculated, we can re-estimate a semi-structural market selec-

tion model of Eq. (3.6):

Probi; = f(qi, Dij — Ta:;,z,f) (3.11)
The main result is that while as expected, higher (net) prices significantly increase the
likelihood of selling in a market, information about prices (capturing the impact of fixed
transaction costs) is also important (Table 3.14). In addition, comparing the relative risk
ratios between expected prices and information, knowledge of market prices is as important
as expected prices.

In order to further explore these results, we simulate the effect on the conditional
probability for market selection from reducing transportation costs to zero or having com-
plete information about prices (Figures 3.3 and 3.4). The two figures suggest that, on
average, reduction in information gaps have a stronger impact on the conditional proba-
bilities than changes in transportation costs. For example, among farmers with bad road

access, eliminating all transportation costs would leave the probability to sell in Huancayo
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Table 3.14: Revisiting market choice: semi-structural conditional logit

Market choice

Markets
Pazos (Local market) 0.995
Pichus (Local market) 1.208
Huancayo (Distant market) 0.302%**
Lima (Distant market) 0.031%**

Quantity sold (predicted)

Quantity * Pazos Q 0.99098***

Quantity * Pichus q 0.9997%**

Quantity * Huancayo G 1.0001***

Quantity * Lima qQ 1.0002%**

Effective price

Predicted net price received (soles) Ep,-Tcy 7.23%%*
Information

Farmers in village know the market price (%) z 5.58***
Date of sale

Harvest season * Pazos 1.87***

Harvest season * Pichus 2.41%+*

Harvest season * Huancayo 1.95%+*

Harvest season * Lima 1.66*

Observations 5480

Omitted market is farmgate
Relative risk ratios reported
Significance of underlying parameters: * at 10%; ** at 5%; *** at 1%
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Figure 3.3: The effect of transportation costs and price information on market participation
(Bad road access)
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(a distant market) to 16 percent (Figure 3.3). By contrast, access to full information on
prices would increase the probability to 19 percent. Similarly, we expect that lower transac-
tion costs will decrease the conditional probabilities for selling in local markets since total
costs for the distant markets would decrease. Indeed, among farmers with bad road access,
the probability to sell in Pichus (a local market) would decline from 28 to 27 percent in
the absence of transportation costs and to 21 percent in the presence of price information.
Our overall interpretation of these figures is that fixed transaction costs in the form of
information are at least as crucial for market participation as variable transaction costs.
Finally, using the predicted probabilities above, we can calculate the change in
the distribution of total sales between farmgate, local and distant markets (the analog of

Figure 3.2, weighting quantities with the predicted probabilities).!* The results, illustrated

N

!4 Specifically, Figure 3.2 sums the total actual sales among all farmers and for each market j: 3 gij %0
&

with § = 1 if a farmer 7 sold in market j, 0 otherwise. By contrast, Figures 3.3 and 3.4 present the ;narketed

N
surplus distribution by calculating 21qg5 * p;; for each market j, where 7;; is the conditional probabilities
=
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Figure 3.4: The effect of transportation costs and price information on market participation
(Good road access)
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in Figures 3.5 and 3.6, reinforce the patterns above. For example, among farmers with bad
road access, eliminating transportation costs or providing full information on market prices
increases the share sold at the farmgate or in distant markets while decrease the share sold

in local markets. Still, the effect of access to information is stronger.

for selecting market j.
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Figure 3.5: Simulated distribution of total quantities sold due to changes of transportation
costs and price information (Bad road access)
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Figure 3.6: Simulated distribution of total quantities sold due to changes of transportation
costs and price information (Good road access)
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3.5 Conclusions

While transaction costs are difficult to measure, understanding the impact they
have on behavior is crucial as it can inform policy design. This paper shows how different
types of transaction costs influence decisions and outcomes for farm-households in rural
Peru. We find that in addition to variable costs such as the distance to reach a market
or access to good roads, transaction costs attributes like information about prices, rela-
tionships with potential buyers or bargaining abilities are also important determinants of
market selection. Furthermore, bargaining explains a large share of the market specific price
variation observed in the data, complimenting its role in the transaction process. Finally,
simulations on the effect of reducing different types of transaction costs imply that farmers
are more responsive to changes in their access to information than variable costs, offering a
quantitative comparison between the two types of transaction costs.

In terms of policy, these findings suggest that if the goal is to reduce transaction
costs, policy makers should address both variable and fixed costs by creating mechanisms
that not only improve physical infrastructure, but also introduce tools that enhance infor-
mation flows and market integration. In the case of farmers in Tayacaja, while ameliorating
the existing road infrastructure is crucial, the results suggest that policies aiming to in-
crease the availability of information and facilitate bargaining are perhaps more important.
For example, the creation of cooperative-like schemes that can allow farmers market large
quantities could be a feasible option to lower the fixed transaction costs associated with
reaching distant markets and could also increase farmers’ bargaining ability via the larger

quantities offered. Improving language abilities among these farmers (in particular Span-
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ish), could also increase the participation rates of indigenous farmers in the distant markets
where indigenous dialects may be less used and reduce any existing discrimination based
on language differentials. Finally, setting up local committees for collecting and dissemi-
nating market related information such as prices could be an easy mechanism to mitigate

information gaps and allow farmers make informed choices.
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Appendix A

Regime Classification

In order to classify farm households in labor participation regimes, we first observe
that for a farm-household that does not participate in the labor market at all, that is, for

a self-sufficient (in labor) farm-household:
h=1°=0

Then, from the Kuhn-Tucker conditions (equations (1.10), (1.11) and (1.12)), the

quantity of labor on-farm [ is given by solving:

Ul (PQL(E, A)a E - l_z.) pQL(£7 A) = U2(pqL(I.i.a A)1 E- E) (Al)

Equation (A.1) states that the household will allocate labor for on-farm activities
until the value of the marginal product of an additional unit of work equates the marginal
utility of income. The shadow wage w can be defined as the value of the marginal product

of labor at [%:

u= pQL(E: A) = —(p7 E, A) (A2)
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Sadoulet et al. [51], show that w is an increasing function of A and a decreasing

function of E :
i) & >0
(i) %% <0
Define A, to be the farm size such that:

par(0, Ag) = w°
Then, farm-households are classified in regimes as follows:

1. Worker

If farm size A < A,, (¢),(#1) = pgr(l’, A) < w°. Then, I° > 0,I! = h = 0. In this
case, it is not worthwhile to engage in farm activities as the market wage w°is higher.
The household will only work off-farm in the labor market. If the labor constraint
for this household is binding, the household will only allocate L in the market. If the

constraint is not binding then it will allocate all the available labor.
2. Net seller
If A> A, and w < w° and using (ii): I1°>0,1{ >0, h =0.

For A small enough, employing all family labor in the farm would make the marginal
productivity of labor lower than the effective wage w°, so that it becomes convenient to
divert part of the available family labor from farm to off-farm activities until w = w?°.
However, it is at this point that the maximum constraint, L, becomes relevant:b if the

excess supply of family labor is smaller that L, the household will sell in the labor
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market all the excess labor and the decision price will be the market price w®. If,
instead, the excess supply is larger than L, the household will sell on the market all
the labor it can, L, and then supply more labor in the farm up to the point where
the marginal product of labor equates the marginal utility from leisure. The decision

price becomes a shadow price, lower than w°.

3. Self-sufficient
IfA> A, and w® < w < w" and using (ii): 1°=0, 1! >0, h=0.

For intermediate values of A, the household will find itself to be self sufficient in labor
use. Employing all available family labor in the farm will make the marginal product
of labor low enough to make unprofitable the hiring of labor at the market wage w",
but not low enough to make it convenient to divert family labor from farm operation
to market. The decision price will thus be a shadow price, whose value is bounded

above by w" and below by w°.

4. Net buyer
If A> A, and w > w" and using (ii): °=0,1* >0, h > 0.

For A relatively large, the household will be a net buyer of labor. Even employing all
available family labor on farm, marginal productivity of labor is still higher than the
wage rate w", so that it is profitable to hire labor. The decision price to determine
how much labor to utilize in the production activity, and thus how much to produce

and how much to work will be the market price w"
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Appendix B

Mixture Distributions

Consider the three equation regression model:

o= hxi8)+w (B.1)
B = ly(xz;v) +us (B.2)
A= Axa;€) +ua (B.3)

where u; ~ N(0, 02), ug ~ N(0,03) and uy ~ N(0,02) are i.i.d. disturbances, and where

11, 12 and X are latent variables. Suppose that the observed variable I is defined by:

. h() #£A£0
I'= (B.4)
la() ifA>0
Then the problem is that of estimating the parameters {3;+;€; 01,072,001} from the sample

of N observations on {I*,x1,x2,%,}, fori =1,2,...,N.

Let

fallh) = (37;1)—1/3071 exp {—%(li - Xn'r)2}
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forn=1,2,A and 7 = 3,7, £ respectively.

The joint p.d.f. of the latent variables i1, [2, and ) is given by:

g(h 2,0 = AW - £2(%) - HON) (B.5)

whereas the p.d.f. of the observed dependent variable {* is given by:

R() =X A1) + (1= 2 (%) (B.6)

with
A* =Prob[A £ 0] = &(—x,'¢) (B.7)
in which we are assuming that o = 1 for identification, and where ®(-) denotes the standard

normal cdf.

Using the above, the conditional pdf of {1, 12 and I*, given the observed value of
It is: )

g, 2, )/h(l) i AS0
9(2, A1) = S (B8)

| 9B, )/h(E) 2> 0
Hartley [27] shows that the partials of the log-likelihood function:
N
L(B,7,€,0%,08) = Y _log(h(l)) (B.9)
i=1

with respect to B and <y can be written as:

0L 1 .o o
—ﬁ=?2w1(z)-(z -x,08) %, =0 (B.10)
1i=1
and
oL 1§:w () - (FF = xg') - xp = 0 (B.11)
=3 2(l7) - (U —Xo'y) X2 = .
3'7 aéi:l
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while the partial of the log-likelihood function with respect to £ can be written as:
oL _ v ENU] —x,' =0 B.12
5&'—2( ] = x\"€) - x» = (B.12)
1=
where E[)|l?] is the conditional expectation of A given the observed value of I, which is

equal to:

B =6 w8 - B 4 ). 2O (B.13)

and where w; (I*) and wo(I*) are weights defined as:

wi() = X-[f()/h()] (B.14)

wp(l) = (1-X)-[f@)/I) (B.15)

Also, the partials of the log-likelihood with respect to 02 and 0% can be written

as:
L 1~ i
A Y wn()of - (F - x1'B)%) =0 (B.16)
i=1
O LS ek~ (=i =0 B
6a§_ ”‘215=1 2 2 2 7)1 = .

The first order conditions in (B.10 — B.12) and (B.16 ~ B.17) can be numerically solved to

find the values of {3, v, §,01,02} that maximize (B.9).
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Derivation of the optimal input

quantities

The farmer faces the following problem:

Maz 1= pngn(In, TN, 27) + prar(lr, 27) + pegc(le, 25, 27) — pzyaN

Iy Arile. N
subject to a labor constraint:

L-Iy-lr-1c>0
a cash liquidity constraint:

C —DPznTN Z 0

where C' = pcgc(lc, 2°, 2%) and the non-negativity constraints:
INn>0

zny >0
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(C.1)

(C.3)

(C4)

(C5)
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Ir >0 (C.6)

lc>0 (C.7)

This problem can be solved in two parts. First, we assume that the labor constraint

is binding so that

L-Ily=lr-lc=0

In addition, we focus at the case where farmers produce both the traditional and

new variety i.e. [y >0, zy >0, Il > 0. Substituting the labor constraint for l7, we rewrite

the maximization problem as:

A{g'z{%gﬁ pNQN(lNa IN, zq) "I'pTQT(I - lN - le zq) + quCUC; zc7 zq) - prxN} (CS)

subject to constraints (C.3) and (C.7) as well as (C.4), (C.5), (C.6) being strictly positive.

The first order Kuhn Tucker conditions that describe the interior problem are:

one) . dan 9 — 29 T g qy —
By PNl (In,zN, 27) Pry (L=In-lc,2%) =0 (C.9)
and
on(-)  Oqn N _
Jon pNBa:N (INyzNn, 2?) —prpy (T + ) =0, £ >0 (C.10)

where 4 is the multiplier associated with the cash liquidity constraint.

Intuitively, and given our setting, this multiplier represents the additional amount
of the new variety input (zxy) that the farmer can purchase if he has an additional unit of
cash. However, this will only be relevant if, given the optimal demand for input z,, the
farmer does not have the corresponding cash available and is thus constrained. If, on the

other hand, the farmer has the required cash, the multiplier has no effect in this decision.
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Formally, we can look at two cases that arise depending on whether the cash constraint is
binding or not.
Unconstrained case If the cash constraint is not binding (14 = 0), the Kuhn-

Tucker conditions become:

By PN Bin (In,zN,2%) pTalN L-In-1c,2%) =0 (C.11)
and
o1() dgn ‘ _
61171\[ DN aIDN (lNazNa 2 ) Py = 0 (012)
Given l¢, from the equations above we can solve for for the optimal quantities of
lN and IN:

gy = TX (DN, Doy, P75 2%, L, 1) (C.13)
I = UN(pN, Doy T, 2%, L, 1) (C.14)

where the superscript u refers to the unconstrained case.

In addition, using the fact that:
f—l’,{,—l;‘-—%=0
we can solve for [ :

ltT“ =L- lN(erpzN,pT’zq:Zv llC") - l?}' = l#‘(pvaszpT: zq,f’ l?;) (015)

Notice, that the optimal levels of these inputs depends on the labor demand for the cash

activity ({&).
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To solve for [, we first substitute I}, 2% and I% in equation (C.8). The maxi-

mization problem becomes:

A’{gm pPNAN(% (PN, Poy, PT» 29, L, 12), 2% (DN, Doy, PT> 29, L, 1%), 29)+
prar(L — B (pN, Doy, pry 2%, L, 1%) — 1%, 29)+ (C.16)
pcgc(lE; 2% 2%) = Doy e} (DN, Poy P, 2%, L, 1)
subject to (C.7).

The Kuhn Tucker condition is:

o1(,) oy ogn 3¢JT 3$N 3QN dgc dgr ,\ _
5 o P gl =P g O+ il Ol g () ~panl tpogie () =pr g () =0
(C.1m)
which is simplified as:
olI(: 0 7] -
T PO )~ pr g o payp A L) =0 (C18)
The optimal choice of [3 is in reduced form:
lé = l%(PN,PzN,PT,anE,PC,Zc) (019)

Constrained case If the cash constraint is binding (¢ > 0) then

The first order Kuhn Tucker conditions that describe the interior problem now

are:
ong) . dav g O = 1 1 4y —
By -PNalN(lN,zN,Z) pTalN(L In-lc,2%) =0 (C.20)
and
oII(- oqn
o) o g, 20, 24) = Be (14 ) =0, 1> 0 (1)

Using these two equations, given l¢ (and hence C) and the observation that:
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(since the cash constrained is binding), allows us to solve for the optimal quantities

of Iy, xn, and u. In particular:

z?\f = m?v(PN,PmNaPT, zq7-L-1 ZE’C) (022)
I = (0w, Pzy P15 2% L, 18, C) (C.23)

and
g = I5(pN, Doy, p1, 2% L, 18, C) (C.24)

where the superscript ¢ refers to the constrained case.

Finally, we use the fact that

T-15-15—15=0

to solve for 1% :
l:‘f - lg"(pN1pr » PT, zq)fv lé’? C) (025)

The important difference from the unconstrained case is that here the farmer
cannot afford to purchase his optimal quantity of the new variety input (zy). It is at this
point where the income from the cash activity C becomes crucial. The a.bil.ity of the farmer
to adopt the new variety is directly linked with cash income: higher levels of cash income
relax the cash constraint and thus enabling the farmer to adopt more. This is the reason
why the level of input for the crop activities depend not only on the labor demand for the

cash activity (I%) but on cash income itself (C).
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Finally, we substitute these quantities back in the maximization problem (equation

(C.8)) in order to solve for I and hence C (since C = pcqc(lc, 2%, 2?)). The problem is:

]V.lfg:z: pNan (S (oN s Doy P72 29, L, 1S, C), 25 (PN s Pz PT: 29, L, 1, C), 29)+
prar(Z — (o8, ey, Pr: 2%, L, 15, C) — 15, 29)+ (C.26)
pcac(lS, 2%, 29) — poy 28 (PN, Pay» PT, 29, L, 15, C)
subject to (C.T7).

The Kuhn Tucker condition is now:

T GO FEC) — pr 3RO+ FEO PN () ~ pay]+

N
iy 3 al5 x5
Po B (Vw3038 () + o B O ZE() - pr8EORR() — poy ZR() +1 (C20)
—profE() =0
which is simplified as:
orI(- 0 8 _
E ) :Pbc ch (l07z°, zq) _pT_gczi(pN’pzN’pT’ zq’ L’ lcC, C) = 0 (C.28)
ol alg ol

The only unknown, I%, is given by:

llC" = lg(pvaxN 2 PT, zq7f7 pc, zc) (029)

and by definition:

C= pCQC(l%'(pvazN’pT7 zqua Dbc, zc), zc’ zq)) = C(PN,P::N,PT: Zq,f,pc, zc) (030)
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