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Abstract

Changes in the distribution channels for food production in developing countries
raises the demand for high quality products sold through supermarkets at higher
prices. We model the willingness of farmers to invest in high quality production,
taking the role of traders into consideration. We test our model using data for
Indonesian chili producers and find that (i) there is self-selection into high cost
investment for production quality which leads to higher profits, (ii) there is a positive
and significant income effect for participating in the modern (supermarket) retail
channel, and (iii) the awareness of farmers regarding their product participation in
the retail channel significantly affects their profits. We thus find both a ‘real access
gap’ and a ‘market efficiency gap’.
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1. Introduction

The increase in market penetration of supermarkets continues to transform the food-retail
sector in developing countries (see Reardon et al, 2009; Reardon et al, 2007; Neven et al.,
2006; Reardon et al., 2005; 2003; Weatherspoon and Reardon, 2003). In much of Asia, more
than a decade of rising incomes and urbanization has resulted in large shifts in food
consumption patterns and shopping behavior. Consumers are eating many more calories on
average, while shifting from staple foods consumption towards higher-value fruits, vegetables
and processed foods in consumption. Shoppers are willing and able to pay price premiums for

convenience, food quality, and food safety (Mergenthaler et al, 2009a,b).1

These ongoing trends also affect agricultural producers through foreign investments and the
higher standards imposed by supermarkets (Schipmann and Qaim, 2011a,b).> A growing
literature aims to understand how the transformation of modern food retail chains influences
smallholder market decisions. In its broadest sense, research on evolving food chains
addresses how market liberalization, trade and foreign investment policies impact food
producers, traders, wholesale markets, processors and retailers. This literature analyzes how
rapid income growth and urbanization transform traditional chains, exploring poverty
reduction opportunities, distributional implications and efficiency effects of smallholder
participation (Reardon, Barrett, Berdegué and Swinnen, 2009). Key research issues are
whether small producers are able to participate in more modern food chains and when they do

participate, what are the growth, equity and development consequences?

To date the evidence suggests that supermarkets provide challenges, threats and opportunities
to small farmers (Reardon et al, 2009;). On the one hand, better prices and a steady
relationship with the buyer potentially improves the welfare for those who participate in the
supermarket retail channel.” On the other hand, the quantity and quality requirements set by
supermarkets are a challenge for small farmers. A growing body of literature has been
looking into the determinants of the modern channel participation and the welfare

implications of the potential exclusion of small-scale producers from entering the modern

! See also Minot and Roy, 2006; Traill, 2006; Regmi and Dyck, 2001; Jaffee and Morton, 1994; Minot, 1986.

2 See also Reardon, Berdegué et al., 2007; Berdegué et al., 2007; Reardon, Henson et al., 2007; Berdegué et al.,
2005; Henson and Reardon, 2005; Reardon and Swinnen, 2004; Neven and Reardon, 2004; Reardon et al, 2003;
Reardon et al., 2001; Reardon and Barrett, 2000.

? Sexton (2012) argues that the agricultural market is characterized by imperfect competition in view of product
heterogeneity, consolidation, and the dominate role of a few large processing, trading, and retailing firms.



retail channel (Rao and Qaim, 2010; Miyata et al., 2009; Moustier et al., 2009; Neven et al.,
2009).* Exclusion from potentially more profitable food markets implies small farmers may
be stuck in lower income poverty traps, and unable to gain the new technologies and

management practices that modern food markets require.

This paper contributes to this literature in three ways. First, we develop a simple model that
determines the sorting of famers, based on their household characteristics, into high- or low-
cost investment for production, rather than channel selection. The investment level correlates
positively with the probability of producing high-quality output meeting the quality standards
of the supermarket, thus increasing the likelihood of accessing the modern retail channel. The
model thus provides a theoretical foundation for the self-selection of investment, which
influences a farmer’s modern channel participation, and the economic impact of that decision.

The model provides a testable hypothesis regarding differences in profitability.

Second, we incorporate an aspect overlooked in the current literature, namely that not all
modern channel producers are aware of the final marketing channel of their product. This
unawareness may arise because farmers do not sell directly to retailers but to intermediate
traders, who represent and collect the fresh products for either the traditional market
wholesaler or the dedicated supermarket wholesalers (Gulati et al., 2007). Asymmetric
information regarding the value and quality of the product and its marketing channel places
the intermediate trader in a better bargaining position over farmers with less market
information. Some farmers are therefore unable to receive the maximum price the traders are
potentially willing to offer. We model this aspect as a factor that affects traders’ search cost.
Empirically, we show how awareness in the marketing channel is an important aspect

influencing farmers’ profitability.

Third, based on our model we apply the treatment effect model (Heckman self-selection) to
analyze the heterogeneous welfare implications for three types of farmers: aware, unaware,
and traditional. The treatment effect is implemented in a two-stage estimation procedure, with
the first stage dealing with the self-selection issue (the probability of making a high-cost

investment decision) and the second stage dealing with the welfare implications.

* See also Herndndez et al., 2007; Reardon, et al., 2007; Reardon, et al., 2007; Natawidjaja et al., 2007.



The empirical analysis uses household data from a survey of 597 chili farmers in Java,
Indonesia.” Chili producers are chosen because chilies are a high-value agricultural product in
Indonesia, providing farm households a source of income in addition to traditional or staple
crops. The chili is an important vegetable consumed daily by most Indonesian families and
supermarkets are increasingly including chilies as part of their product offerings. Like many
other fresh fruit and vegetables (FFV) production, the production of chili is labor intensive,
providing additional employment opportunities (Weinberger and Lunpkin, 2005). Previous
studies suggest that FFV sold in the supermarket are usually marketed as high quality
produce and that traders selling directly to the supermarkets usually receive a premium for
their produce. However, production of high-quality FFV products that meet the stringent
specifications of the supermarket channel usually comes at a higher input cost, resulting from
the use of high-quality seeds, hired labor, capital investments required to ensure product
quality standards (in terms of safety and appearance), and the packaging, storage and delivery
requirements (Schipmann and Qaim, 2011b; Neven et al., 2009). These costs are challenging
for the credit-constrained farmers. In addition, production uncertainty implies that even
though investments are made and additional costs incurred, not all output will be of sufficient
quality to meet the modern retail standards. Thus, investing in high-quality output is not

necessarily rewarded with higher prices.

We find that aware and unaware farmers have similar basic household characteristics and
production attributes. Our production sorting and welfare optimization model suggests that
farmers who self-select into making high-cost investments for production earn higher profits.
The treatment effect model confirms that endogenous sorting takes place based on farmers’
productivity and other household characteristics. More interestingly, among modern channel
producers, aware farmers benefit much more from participating in the modern channel than
unaware farmers, after taking into account their investment level. This suggests that farmers
benefit unequally even among supermarket suppliers. Our research thus shows that (i)
farmers have to overcome a production and investment barrier in order to produce high-
quality products suitable for the modern food retail channel and (ii) farmers need to be aware
of the marketing channel of their product to obtain the full benefit from their investments as

suppliers of the modern food retail channel.

> See Chowdhury el al. (2005) for an overview of structural change in the agricultural sector in Indonesia. See
Awfaw et al (2010), Awfaw (2007), Minten et al (2009), and Miyata et al (2009) for treatment effect models.



2. Production sorting model

Let F be the total number of farmers, each producing one unit of output. Output is
heterogeneous in terms of quality and can be sold in two separate channels: the modern
channel and the traditional channel. The product quality is evaluated partially according to
the appearance of a product, while other unobservable characteristics are evaluated through
close monitoring during the production stage. An exogenous quality threshold set by the
supermarket leads to sorting of outputs into two levels: high-quality and low-quality.
Consumers willing and able to pay a premium for guaranteed quality and food safety shop in

the supermarket.

There are different prices offered to the famers in the two channels. Traders who procure for
the modern channel buy only high-quality products. Although quality is partially observable,
traders have to search for the farmers that produce high-quality output and incur search cost,
S.. These search cost are farmer-specific and depend on the ease with which the supermarket
traders can find the farmers with high-quality products. The easier it is for the traders to find
or contact the farmers with the output they require the lower the search cost for the trader to
reach a specific farmer. The maximum price (or reservation price) the modern channel traders

are willing to pay for the high-quality output is the difference between the price supermarkets

pay to the trader F; and the search costs supermarket traders incur to find a specific farmer:

B,,=F—S,, where the subscript M indicates Modern, S indicates Supermarket, and i is a

farmer index. Traders who procure for the traditional channel do not care about quality and

buy whatever output is available in the market. The search cost for the traditional traders is

therefore negligible. The traditional channel traders offer a maximum price F)..

Farmers are heterogeneous in terms of production efficiency . The efficiency is related to

household characteristics, such as age, education, experience, and endowments. More
educated farmers, for example, are expected to have better understanding of the specific
requirements and details specified in the contract or agreement with the traders compared to
the less educated farmers. Since the maximum price the supermarket pays to the traders is

fixed, the price these traders are willing to offer to each farmer is a function of the search cost

that differs between farmers: F,(S,). Let g(y, ) denote the joint probability distribution of

farmers’ production efficiency and the search cost incurred to reach them. Farmers choose
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between making a high- or low-cost production decision, with investment costs C, and C,
respectively (C, >C,). Production involves uncertainty. Farmers with high-cost investment
produce high-quality output with probability 4, and low-quality output with probability 1-8, .
Similarly, farmers with low-cost investment produce high-quality output with probability 5,

and low-quality output with probability 1-,BL. We assume that high-cost investment leads to

higher expected quality: £, > S, .

Let 0€ (0,1] denote the probability that high-quality output is sold to the supermarket trader.
The rejection rate 1—& is exogenous and independent of individual farmers’ search cost.’
Based on the exogenous market condition parameters (4, ,BH, ,BL,PS,PT,CH,CL) , farmers have

three options: investing in high-cost production, low-cost production, or exiting the market

(not entering into production). The expected profit 7 for farmer i with production efficiency

parameter y, for whom the trader incurs search costs S; is :

8By (Ps —S) + (1 = 8By)Pr — Cy/yi high cost investment
(1) E(m;) =1 6B,(Ps —S;) + (1 —8B,)Pr — C./y; for low cost investment
0 no production

Figure 1. Expected profits from investing in high and low cost production

Production efficiency and profits
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Parameters: Pg = 4; S; =1, P, =15;6§ =0.9; 8, =08; 5, =04;Cy, = 1;C, = 0.5.

% The parameter captures the exogenous product rejection shock for farmers.



Figure 1 illustrates the production choice facing a farmer as a function of his production
efficiency, given a particular set of other parameters. If production efficiency is below some
critical value y;; even low cost production is not profitable. Similarly, high cost production
with efficiency below some critical value y; is not profitable.7 Note that these critical values
are firm-specific as they depend on the search costs S;. Figure 1 is drawn under the
assumption that y;; < yy;, in which case we can identify three ranges of production for the
firm in question. If production efficiency is too low, namely y; € (0,y;;), the firm does not
produce. If production efficiency is intermediate, namely y; € [y;;,¥;), the firm produces
with low cost investment. If production efficiency is high, namely y; € [y;, ), the firm
produces with high cost investment. The critical value y;” which determines the borderline
between low cost and high cost investment is determined by the switching condition, leading
to equal profits for low and high cost investment.
(Cu—Cy)

@y = 5B (Pe—5i—F ) (switching condition)

Clearly, for this switching condition to be operative two conditions must be fulfilled. First,
the solution should be positive and finite. This implies that the term (Pg — S; — P;) must be
positive, or the search costs must be less than the supermarket price premium: S; < (Ps — Pr).
In other words: firms with too high search costs will never switch to high cost investments.
Second, for a switch to occur it must be worthwhile to produce at low cost for intermediately
efficient firms, as illustrated in Figure 1. However, if yy; < y;; high cost investment profits
always dominate low cost investment and a switch does not occur. As can be easily verified,
this condition is equivalent to assuming yy; > ¥/, that is switching occurs to the left of the
point where high cost investment becomes profitable. Note that the conditions imposed so far
do not exclude this possibility from occuring, as yy; < yy; is equivalent to assuming (Cy —
C.)Pr < 8(ByC, — B.Cy)(Ps — S; — Pr). Other things equal, it is therefore more likely to
hold if (i) the probability of high quality production with high cost investment By rises, (ii)
the probability of high quality production with low cost investment f; falls, and (iii) the
search costs S; fall. We can combine the various possibilities by defining the switching
efficiency level ; = max{y;, yy;}. High cost investment production then occurs if efficiency

exceeds the switching level: y; = ;. Similarly, we can define the minimum efficiency for

" Note that y,; = C,/[Pr + 8B,(Ps — S; — Pr)] and yy; = Cy/[Pr + 8Bu(Ps — S; — Pp)].



positive production level y; = min{y,;, yyi}. Low cost investment production then occurs if
efficiency is in between the minimum efficiency and the switching level: y; < y; <7¥;. As

noted above, depending on the specific parameters this range may be empty for certain levels

of low searching costs.

2.1 Equilibrium
The market is in equilibrium when high quality output sold in the supermarket matches the
demand for high quality output that pays a high price: oY = D,,, while the rest of the output

is sold though the traditional channel regardless of quality: Q" =Q—Q" . To determine the
share of farmers producing with high and low investment costs and the share exiting the
market we need to take both the search costs and the production efficiency into consideration.
This is illustrated in Figure 2 in case there is no range of low cost investment for sufficiently
low search costs. The figure shows yy and y;, as defined in footnote 7and y* as defined in
equation (2). All three curves intersect at point A. To the left of this point there is no low cost

investment area, such that : y = yy = 7. To the right of point A we have: y = y; <7¥. The

range to the left of point A does not occur, of course, if point A is to the left of the vertical
axis. A sufficient condition for that to happen is: B, Cy > ByC,, that is the appropriately

weighted probability of high quality output with low cost investment is sufficiently high.

Figure 2 Sorting of farmers into high and low investment costs and exit
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Parameters: Ps = 4; P = 1.5;6 = 0.99; By = 0.99; 5, = 0.04; Cy, = 1;C, = 0.5.



The curves in Figure 2 separate the plain into three regions and depict the sorting of farmers
into high cost production, low cost production, and exit depending on their production
efficiency and the search cost. Taking the joint density g(y, S) over production efficiency and
search costs into consideration, we can now determine the share uy of firms which produce
with high costs investment, the share y; which produces with low cost investment, and the

share up = 1 — py — u; which exits the market:

Q) uy = fooo f;o g, S)dydsS high cost investment
) u, = fooo ff gy, S)dydS low cost investment
&) ug = J, [L9(.S)dyds exit

Since there is a total of F farmers available, and the probability of producing high quality
output is equal to S for farmers with high cost investment and equal to f; for farmers with

low cost investment we can now determine the total volume of high quality and low quality

production.
(6) Qu = (uuPy + 1LBLF high quality output
(M Q= (uu(1 — Bu) + u, (1 — B)F low quality output

The total output produced is the sum of high and low quality outputs: Q=0 +0, and the
total number of farmers that exit production is F — Q. Recall that only a fraction ¢ of high

quality output will be sold through the modern supermarket channel: QM =30, . The

remaining output is sold through the traditional channel regardless of quality. As long as
some high quality product is rejected by the supermarket traders (J # 1) the total high quality
produced is greater than the quantity sold through the supermarket channel. Therefore,
although only Q" is priced and purchased as high quality product, the true amount of high

quality food consumed is larger. This is an indirect welfare effect for the public often
neglected. There will be a welfare loss as there will be less than the optimal number of
farmers joining high quality output production when a proportion of high quality output is not
rewarded with a high price. In this case there will be fewer farmers engaging in high cost
investment with high quality production. At the same time, the rejected high quality product
will be sold at a lower price to the consumers who shop at the traditional market either

because they cannot afford standardized quality food or because they place a lower value on



food quality.

2.2 Comparative static analysis

During the stage of economic transition in which the growing demand for high quality food
exceeds the supply in the short-run, the excess demand drives up the procurement price in the
modern channel. Recall that the maximum price the supermarket trader is willing to pay is
positively related with the price Ps paid by supermarkets and negatively related to traders’
search cost §;, which differs per farmer. As economies develop and the price Ps supermarkets
offer to traders rises, both the switching production efficiency and the minimum production
efficiency fall.® This is illustrated in Figure 3. Since the high investment cost area increases
and the exit area decreases, we can be sure that the share of high cost investment farmers
rises (Quy/0Ps > 0) and the share of exiting farmers falls (dug/dPs < 0). Whether or not

the share of low cost investment farmers rises or falls depends on the joint density g(y, S).

Figure 3 Impact of supermarket price increase; from solid to dashed lines

2

production efficiency 7y
[y

0 1 search costs S 2

Parameters: P; = 4 and 4.3 (solid and dashed); Py = 1.5;6 =0.9; 8, = 0.8;8, = 0.4;Cy = 1;C, = 0.5.

Up to this point, we reflect little on supermarket traders’ search cost and assume it is
exogenously determined by the remoteness of the farmer. As mentioned, the easier it is for
the traders to find or contact the farmers with the output they want, the lower the search cost
for the trader to reach a specific farmer. Search costs are negatively correlated with the ease
of communication traders experience with farmers and with the quality signals provided by

the farmers. Although the farmers located further away from the market in principle have

¥ Note, for example, that dy,;/dPs = —8,y%/C,. Similarly for the other curves.
10



higher search costs, ownership of transportation or communication facilities, such as trucks
and mobile phone can mediate the impact of physical distance. Other farm-related assets that
signal producer’s ability to preserve freshness or delay the product from perishing also
decrease traders’ search cost and are expected to increase profit. Note in particular that for an
individual farmer it is the net premium paid by the supermarket channel over the traditional
channel which determines its investment decision. The impact of a fall in search costs is

therefore the same as the impact of a rise in the price paid by the supermarket.

2.3 Hypotheseis

To sum up the model and connect the conceptual model with the empirical work, following
hypotheses are made. First, profit maximization ensures farmers sort into different investment
levels based on their productivity. Thus, the most productive farmers self-select into high
effort investment, and less productive farmers invest in low cost production, while the least

productive farmers will not enter production.

e Hypothesis 1: More productive farmers self-select into high cost production and earn

higher profits than farmers who invest in low cost production.

Second, although farmers make production decisions based on market price for high and low
quality output, the search costs traders incur to find each farmer depends on how easy it is to
find them. Thus, we expect that search cost will affect the maximum price the trader is

willing to offer to each farmer.

e Hypothesis 2: The expected profits for farmers with lower search costs for traders are

higher as these farmers are more likely to engage in high cost investment.

Third, awareness of the marketing channel explains the heterogeneity in profitability among
farmers whose product enters the modern retail channel. On the one hand, we expect that
aware farmers stand at a relatively better bargaining position as compared to their unaware
neighbors, given the knowledge of their products’ marketing channel. On the other hand,
awareness can be thought of to lower search cost. As aware farmers are more likely to initiate
contact or signal their ability to produce high quality output to the modern channel traders

themselves, they lower traders search cost to find them.

e Hypothesis 3: Aware farmers earn higher profit than unaware farmers.

11



3. Empirical Methodology

Farm household income is determined by the income earned from agricultural production
activities and by various socioeconomic factors. Since higher production capacity and
productivity can lead to more investment and thus result in better output quality, we assume
that the investment level directly affects the quality of the output produced, raising the
probability that the farmer will receive a premium price for the product. High or low cost
investment is thus a binary decision farm households make in order to maximize their net

return from production (chili profit) and net household income.

Since the investment decision is endogenously determined, such that producers self-select
into making high cost investment for production, the coefficient estimated based on OLS may
be biased due to omitted variables in the specification. To eliminate this bias we use the
treatment effect model, also known asthe Heckman self-selection model, to get an unbiased
and consistent estimate of the effect of making high cost production investment on profit and
income. The method is more common in the impact assessment literature, particularly when
the treatment is not randomly applied (Greene, 2008; Maddala, 1986, 1983; Heckman, 1979,
1978). The strategy is to apply a two-stage estimation procedure. While the first stage
evaluates the probability of making high cost investment (modern channel participation) with
a probit model, the second stage uses the prediction from the first stage to evaluate the impact
of the treatment on the welfare outcome. Maximum likelihood estimation is used, with all

parameters estimated simultaneously.

The model estimates the effect of an endogenous binary treatment z; on a continuous and
fully observable variable y;, conditioned on the independent variables x; and w;. The primary

interest is in the welfare/output model:
(8) ¥, =xY+z0+y, (2" stage, output model)

where  is the endogenous dummy variable indicating whether the treatment is applied. The

coefficient ¢ captures the effect of the endogenous decision, that is making high cost
investment. The binary decision of whether the treatment is applied is modeled as the

outcome of an unobserved latent variable z;. It is assumed that z; is a linear function of the

. . *
exogenous covariates w; and a random component u;, that is: z, =w,@+u,. The observed

binary investment decision is:

12



1 ifz >0
) z = iz (1*" stage selection model)
0 otherwise.

o ) . . | o® po
where , and v are bivariate normal with mean zero and covariance matrix .

po 1

Identification requires that at least one variable appearing in the selection equation is not
included in the outcome equation. The identification variable often used in the literature is
distance. Rao and Quim (2010), for example, use distance from a farmer’s house to a tarmac
road, while others used distance to a paved highway (Herndndez et al., 2007) and to village
head’s land (Miyata et al., 2009). Distance from house to asphalt road is used as identification

variable in this paper.
4. Data description

In this section, we first describe the survey and show how the three groups of producers
(aware, unaware and traditional) are identified. The next sections provide summary statistics

of the main variables and t-tests of difference in mean value between each group of farmers.

4.1 Survey design, awareness, and channel identification

Data for this study is collected by Sahara’ in 2010 through a household survey of chili
producers in West Java, Indonesia. There are in total 597 valid samples. Although chilies are
one of the most important food crops consumed daily by Indonesians, the amount purchased
through the modern channel is still limited. As a result, the share of chili supplying to the
supermarket is small. The survey sampling is stratified based on the marketing channel to

insure sufficient representation of producers from both the traditional and modern channel.

Producers who are aware of selling their chili to the supermarket are identified by their
response from “experience with the modern channel”. Those with a positive response of
having sold chili to supermarkets are categorized into the aware farmers group. Identifying
unaware modern channel producers is more difficult. This is done by an additional ‘channel’
identifier in the data, which identifies modern channel producers apart from those traditional

channel producers. The channel identifier is available by asking the supermarket for a list of

? See Sahara (2012) for more information on survey design, data collection and identification of the modern
channel supplier (see also Sahara et al., 2011).

13



suppliers in which they source their chili product from at the stage of the survey design to
insure the modern channel producers are sufficiently represented in the sampling. With the
channel identifier and famers response in their experience to the modern channel, unaware
modern channel producers can be singled out as they denied selling chili product to the
modern channel (have no experience), while they are at the same time identified as supplier
by the supermarket. This gives us three separeate groups of chili producers: aware (A),
unaware (U) and traditional (T) farmers. In our data there are 485 (81%) traditional farmers,

66 (11%) unaware farmers, and 46 (7.7%) aware farmers (Table 1).

Table 1. Numbers of observations in each group

Channels
Farmer type Traditional Modern sum
Traditional (T) 485 0 485
Unaware (U) 0 66 66
Aware (A) 0 46 46
sum 485 112 597

4.2 Descriptive analysis

4.2.1 Welfare, dependent variables — Profit and Net income

Farmers’ net income is derived by aggregating income from all of the income-earning
activities for the household. The income from agricultural production related activities was
calculated by subtracting the revenue earned from the costs associated with production.
Aware farmers on average have significantly more net income than unaware farmers by 13
million Rupiah (Rp), approximately USD 1,350 a year. On average, modern channel
producers’ (aware and unaware combined) net income is significantly greater than traditional
channel producers, but the difference between unaware farmers and traditional producers
alone is not significantly different (Table 2, row 1). Disaggregating the net income by source,
we see that net profit from chili production is on average 18.7 million for the aware farmers,
followed by 8.8 million for the unaware and 6.1 million for the traditional farmers (Table 2,
row 2). Net income from chili production thus accounts for a high percentage of income for
most farmers, namely 26, 33, and 45 per cent for traditional, unaware, and aware farmers,
respectively. Traditional channel producers have a greater proportion of income derived from
other agricultural activities. Net income from other agricultural activities alone contributed to
30, 24 and 15 percent of the total net income for the traditional, unaware and aware farmers,

respectively. Other significantly different income sources between the groups of farmers are:

14



. . e . . 10
agricultural trade, other trading activities, and net income from assistance program.

Table 2. Source of net income*

mean test statistics (p-value)
Unit: million Rp Traditional = Unaware Aware AvU AvT UvT Channel
Net income 23.71 26.61 41.49 0.10 0.00 0.43 0.01
Net income from various income activities
Chili 6.12 8.79 18.74 0.03 0.00 0.15 0.00
other Agri. 7.06 6.45 6.38 0.98 0.83 0.78 0.74
Livestock 0.72 0.47 0.65 0.63 0.88 0.45 0.52
Aquaculture 0.08 0.16 0.38 0.16 0.00 0.32 0.01
Agri. Trade 1.34 0.00 3.84 0.15 0.06 0.09 0.75
other trading 2.16 2.82 4.88 0.31 0.09 0.60 0.15
Rice / milling 0.28 0.00 0.00 na 0.60 0.53 0.41
Food processing 0.14 0.32 0.20 0.71 0.73 0.29 0.32
Other business 1.71 2.92 1.43 0.49 0.83 0.27 0.49
Agri. Wage labor 0.81 0.59 1.00 0.28 0.63 0.55 0.89
non-agi. Employment 2.48 3.32 2.47 0.66 0.97 0.39 0.50
pension 0.21 0.02 0.91 0.10 0.07 0.51 0.47
Remittances 0.38 0.62 0.42 0.57 0.86 0.28 0.37
Assistance program 0.01 0.10 0.05 0.37 0.08 0.00 0.00
Other. 0.20 0.06 0.15 0.44 0.87 0.54 0.57

* Excluding 17 obs. with negative net income, of which 15 traditional farmers and 2 unaware farmers group.

4.2.2 Welfare, independent variables

Five broad classes of explanatory factors are used in the models explaining farmers’ welfare:
household characteristics, land size & ownership attributes, non-land assets ownerships, chili
production attributes, and habit of record keeping. Summary statistics of the variables used in

the analysis are provided in Table 3, with cross group comparison of the mean value reported.

Household characteristics

As already pointed out by Sahara (2012), and similar to other studies, the data show that the
modern channel participants are younger and receive more education as compared to the
traditional channel producers (Rao and Qaim, 2010; Herndndez et al., 2007). Among modern
channel producers, household characteristics of unaware famers are not significantly different
from aware farmers (Table 3, column 4: AvU). The significantly higher education received
among supermarket producers suggests that these households have higher human capital than
traditional channel producers. Boselie et al. (2003) have shown that farmers with higher

human capital are more likely to improve their negotiation skills in dealing with the buyer.

' We use total net income and net income from chili production (chili profit) in logarithm form as dependent
variables for our analysis. This reduces the number of observation due to negative net income values by 17 (2
from unaware and 15 from traditional) and by 120 due to negative profit from chili production (101 from
traditional, 14 from unawary, and 5 from aware).
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Table 3. Summary statistics of variables used, across groups comparison

mean ! Test statistics (p-value)
Traditional Unaware Aware AvU AvVT UvT  Channel
Household characteristics variables
Household size (number) 4.58 4.23 446 040 0.61 0.09 0.12
Age (years) 46.29 44.03 42,78 1 0.50 0.04 0.12 0.02
Age spouse 40.13 38.88 36.09 ¢ 0.19 0.01 0.37 0.03
Education (years) 6.43 8.02 7.96 ¢ 0.92 0.00 0.00 0.00
Education spouse 6.63 7.66 8.05: 0.49 0.00 0.00 0.00
Age between15-65 (%) 65.95 64.05 66.43 1 0.52 0.87 0.47 0.66
Age above 65 (%) 242 3.66 391 090 0.31 0.34 0.19
distance to road (km) 0.30 0.11 0.12 ¢ 0.70 0.07 0.02 0.00
--- to sub-district market (km) 6.05 3.95 7.80 1 0.00 0.03 0.00 0.34
Total land size owned and cultivating land ownership and types
Land owned
Year 2005 4,079.00 4,876.41 3,195.34 ¢ 040 0.35 0.40 0.89
Year 2010 4,544.28 5,145.24 343292 040 0.29 0.56 0.90
Land cultivated
Total (m?) 6,433.41 8,089.61 8,097.52 1 1.00 0.18 0.11 0.05
% owned 51.65 44.72 36.22 1 023 0.01 0.20 0.01
% rented 24.35 32.39 50.75 1 0.01 0.00 0.10 0.00
% others 24.00 22.89 13.03 1 0.10 0.05 0.81 0.16
% irrigated 46.28 45.32 65.04 1 0.01 0.01 0.87 0.13
% Rain fed 11.51 7.14 5.90 0.75 0.21 0.24 0.09
% Dry land 42.21 47.54 29.06 :  0.01 0.05 0.36 0.62
Non-land assets variables (numbers of following asset)
Assets in 2010 |
mobile phone 1.19 1.47 161 057 0.02 0.06 0.00
motorbike 0.64 0.67 0.76 :  0.45 0.28 0.75 0.37
water pump 0.28 0.35 024 0.26 0.58 0.32 0.69
mist blower 112 1.30 1417 052 0.02 0.10 0.01
power tiller 0.01 0.00 0.07 : 0.11 0.04 0.39 0.44
storage house 0.19 041 039 0.88 0.00 0.00 0.00
Assets in 2005 i
mobile phone 0.53 0.45 0.87; 0.03 0.2 0.52 0.31
motorbike 042 0.52 0.61: 0.49 0.06 0.25 0.05
water pump 0.25 0.29 026: 077 092 0.67 0.70
mist blower 0.96 0.79 1171 0.02 0.17 0.18 0.87
power tiller 0.01 0.00 0.07 ; 0.11 0.03 0.33 0.40
storage house 0.15 0.20 035 0.11 0.00 0.35 0.01
Chili production
Area (m2) 3,137.45  4,465.80 5,304.97 1 0.55 0.01 0.02 0.00
Cost (million Rp) 11.28 20.81 2256 ¢ 0.79 0.00 0.00 0.00
Output(kg) 4,408.72 4,927.61 6,366.65 | 0.42 0.08 0.53 0.13
Types of chili planted 1.15 1.41 1411 097 0.00 0.00 0.00
Seasons 1.24 1.62 1.67 ¢ 0.68 0.00 0.00 0.00
Productivity (kg/ m?)* 2.40 1.09 1.13 7 0.73 0.07 0.02 0.00
Cost per m* (Rp/ m?) * 6408.72  4862.84 3583.01 : 0.03 0.14 0.34 0.10
Grading® 2.98 3.22 353 0.02  0.00 0.06 0.00
Price (Rp/kg) 6,236.60 7,637.88 8,976.27 i 0.07 0.00 0.01 0.00
Cost per kg (Rp/kg)* 3,052.92  4,992.44 3,900.03 :  0.02 0.00 0.00 0.00
Record keeping (Bivariate dummy, yes=1, no=0)
Pesticide 0.12 0.47 0.46 : 0.89 0.00 0.00 0.00
date pesticide 0.06 0.15 0.15: 0.99 0.01 0.00 0.00
price received 0.22 0.76 0.89 : 0.08 0.00 0.00 0.00
quantity output 0.21 0.76 085 025 0.00 0.00 0.00
For over 1 year 0.40 0.29 0.37 1 0.43 0.69 0.16 0.24

* outliers dropped. © See footnote 5 for detail of the grading scale. Significant t-test statistics are marked in bold.
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Young producers are more willing to adapt to new technologies and production methods. The
percentage of family members in different age categories (young / working / retired) gives an
indication of the dependency ratio and the percentage of family member that can contribute to

the labor force. The difference in age categories is, however, not significant.

Distance from the house to the nearest asphalt road is on average 200 meters shorter for
modern channel producers as compared to traditional channel producers, and not statistically
different between aware and unaware farmers. Distance from the house to a district center, in
contrast, is significantly different between the groups. Aware farmers tend to live further

away from the district market than traditional farmers, while unaware farmers live closer by.

Land size and ownership attributes

Farmers own on average 4,525 m” of land. The size is similar for the three groups of farmers.
Ten percent have more than 1 hectare, while around 70 percent have less than 0.5 hectare,
which makes it difficult to benefit from scale economies. Modern channel farmers cultivate a
greater land area compared to traditional farmers (by 1,500 m?) because they rent a larger
area: aware farmers rent 3,458 m” on average (1.8 times greater than unaware farmers and
3.16 times greater than traditional farmers). The rented areas contribute to 51 percent of the
total land area cultivated by aware farmers (compared to 32 and 24 percent for unaware and
traditional farmers). The difference between each group is statistically different. Considering
land quality, aware famers have a greater share of cultivated land irrigated (65%) and a much
smaller share of dry land (29%) compared to both unaware and traditional farmers. Unaware
farmers also have less irrigated and more dry land than the traditional farmers. Overall, 17

percent of all farmers cultivate land area over 1 hectare.

Non-land assets

Non-land assets are often pointed out in the literature as important determinants for modern
channel participation. In 2005 aware farmers have on average significantly more mobile
phones than unaware farmers or traditional farmers, which facilitates them to obtain market
information and communicate with the traders. In 2010, a lot more farmers have mobile
phones for communication, such that the difference between aware and unaware farmers
disappeared, but the difference between modern and traditional farmers is significant.
Transportation assets have been suggested to be critical for becoming a modern channel
participants since supermarkets desire more frequent and timely delivery (Reardon et al.,

2005). In our data, modern channel participants have more motor bikes in 2005 than
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traditional farmers. As for farming equipment, modern channel producers have more storage
available. Aware farmers also have more mist blowers in 2005. Ownership of water pump and
power tiller, however, do not differ across groups. As product appearance and quality
consistency are important aspects emphasized by supermarkets better storage and equipment

facilitating quality control can help farmers to meet supermarket standards.

Production attributes

Farmers differ in production efficiency. On average, modern channel farmers show a higher
level of specialization in chili production. Aware and unaware farmers on average cultivate a
larger area of chili, invest more in chili production and produce more outputs (kilos) than
traditional channel farmers. The difference in output between aware and traditional farmers is
nearly 2,000 kilos in 2010. As an additional indication for specialization, modern channel
producers also plant more types of chili and are active in more seasons. The production costs
also differ significantly between the three groups of farmers. Although modern channel
farmers produce more than traditional farmers they also invest more. The total production
cost is significantly higher for modern channel producers, but is insignificantly different

between aware and unaware farmers.

Considering the differences in cost and land invested for chili production, the modern channel
farmers seem to be the least productive (output per square meter), yet the most cost efficient
ones (cost per square meters). The modern channel farmers produce on average 1.1 kilos of
chili per square meter of cultivated land, while traditional producers more than double that
amount. In line with the procurement quality requirements of the supermarket, chili produced
by the modern producers receives better grading'' and is sold at a higher price. The aware
farmers received the highest average grading (3.53) for all three seasons, followed by the
unaware farmers (3.22) and the traditional farmers with lowest grading (2.98).12 In line with
this, the average price (over three seasons) is highest for the aware farmers (8,976 Rp/kg) and

lowest for traditional farmers (6,237 Rp/kg), with unaware farmers in between. The costs

" The grading inquiry in the survey was of 9 grading level, starting from the highest (1. Superfull), followed by: (2. Super),
(3. Medium), (4. Small), (5. mix of 1 and 2), (6. mix of 2 and 3), (7. mixed of 3 and 4), (8. Other) and (9. no grading),
consecutively. The grading reported in table 6 is based on a converted 5-level grading scale, which marked superfull as class
A, combined 2 and 5 into class B, combined 3and 6 into class C, combined 3 and 6 into class D, and lastly the original 8 and
9 combined into lowest class E. The new A to E scale is than coded into 1 to 5 for quantitative comparison, with 5 as the
highest grade and 1 as the lowest.

12 We report only the average grading received over the three seasons. Detail of the separate grading for each season is
available upon request. All producers receive higher chili grading in the early season (1.April) as compared to chili output in
the later seasons (2.July and 3.September). Out of three seasons, the mean difference in grading is statistically significant
between aware and unaware farmers in season 1 and 2, while the mean grading differences is statistically different between
farmers of different channel in all three seasons.
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required to produce better chili with better quality and higher price translates into higher

investment per kilo of output. Unaware farmers invest most per kilo of output, followed by

the aware and the traditional farmers. The difference between the three groups is statistically

significant. Overall, the profit margin per kilo of chili is highest for the aware farmers,

followed by the traditional and the unaware farmers.

Table 4. Summary statistics

Variables Definition (units) mean s.d.
Dependent variables
Net income Net household income from various source in log (Rp.) 16.548 1.040
Chili profit Net profit (revenue less cost) from chili production in log (Rp.) 15.228 1.413
Variables of interest
Chili cost Total cost invested for chili production in log (Rp.) 15.758 1.141
High Cost Total cost invested for chili production above the median of all 0500  0.500
sampled farmers (dummy)
High cost per Total cost invested for chili production per square meter above the
2 . 0.499  0.500
m median of all sampled farmers (dummy)
Traditional Whether farmers supply chili through the traditional channel (dummy) 0.812  0.391
Unaware Farmers who supply to the sup.ermarket but thought they are traditional 0111 0314
channel producers (dummy=1 if unaware)
Aware Farmers who know they are supplying to the supermarket (=1 if aware) 0.078 0.267
Productivity . . . )
7 Chili output produced per unit of land in log (KG/m") 0.155  0.996
Control variables
. Average chili grading received. Range between 1 to 5, with 5 as the
Grading best grading and 1 for the chili with the worst or without grading 3.047 0.985
Household size  Numbers of family members in the household (persons) 4.531 1.570
Age Age of the household head (years) 45.769 10.979
Education Years of education of the head of the household (years) 6.725 3.019
% working age  Proportion of family member between the age 15 to 65 (%) 0.658 0.197
% retired age Proportion of family member above age 65 (%) 0.027 0.098
Experience Years of experience in chili production (years) 8920  6.750
Mobile phone Mobile phone ownership in 2005 (5 years ago from the time of the 0.745 0436
survey (dummy)
Motor bike Motor bike ownership in 2005 (dummy) 0.529  0.500
Water pump Water pump ownership in 2005 (dummy) 0.265 0.442
Mist blower Mist blower ownership in 2005 (dummy) 0.848 0.360
Power tiller Power tiller ownership in 2005 (dummy) 0.013 0.115
Storage house Storage house ownership in 2005 (dummy) 0.221 0.415
Chili land Total land size devote to chili production (m?) in 2010 (current asset) 8.280 1.144
Land owned Land size owned (m?) in 2005 6.055 3.663
% rented Proportion of cultivated land rented (%) 0.273 0.378
Prod. record Whether falin}ers keep prf)duction Fgcord, include: pesticide use and 0128 0285
date of pesticide application on chili (dummy)
Market. record Whether farmers keep marketing record, include: chili price, quantity 0327 0464
sold (dummy)
Exogenous variable
Distance Distance to the nearest asphalt road 0.262  0.595
Record keeping

The percentage

of record keeping among modern channel producers is double that of
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traditional producers. A significantly larger share keeps records on pesticide use, date of
pesticide applied, price received, and quantities sold. The percentages vary a lot. Better
educated farmers may not only have the ability to keep written records but also benefit from
the insights delivered through better use of knowledge. We merge the 5 record keeping items

into 2 record behavior categories, those related to production and those related to marketing.

Bivariate independent variables—high cost production dummy

We set an arbitrary cutoff investment level to distinguish between high cost and low cost
producers because the true critical investment level required to produce high quality chili is
unknown. In the treatment effect analysis, the critical bivariate investment decision variable
is defined as the farmers who made investment above the median level among all sampled
farmers. Thus by definition half of the households invest in high cost production. Similarly,
we generate a relatively high cost per square meter dummy variable as a robustness check.
Farmers whose investment in chili production is above the median level per square meter of
land cultivated are considered high cost producers. Table 4 gives the summary statistics of all

variables used.

5. Regression analysis

This section reports the empirical analysis of the self-selection phenomenon and the effect of
investment choice, channel choice and awareness on the profitability of chili production and

overall income.

5.1 Investment choice and effect on profit model

The output from the treatment effect model is split into two parts, with the estimation from
the first stage selection equation reported in the lower panel and the second stage welfare
output reported in the upper panel of Table 5. In the upper panel, the result from the ordinary
least square (OLS) estimation is reported in columns 1 and 3 and of the treatment effect
model in columns 2 and 4. In the lower panel, we show independent probit estimation in
columns 1 and 3 next to the first stage outcome from the treatment effect model in columns 2
and 4. We demonstrate two model specifications, with and without controlling for record

keeping habits (columns 3 and 4, respectively 1 and 2). The following models are estimated:

high cost = ( productivity, controls) + &(distance) + u (1*" stage)

chili profit = ¢#(highCost) + i (awareness, productivity, controls) + v ™ stage)
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Table 5. Treatment effect, OLS and Probit regression output — chili profit

@

@

(€))

“

a. Outcome model: OLS and 2" stage of the treatment effect model; dependent variable

: chili profit.

Model: OLS Treatment 2™ stage OLS Treatment 2™ stage
High Cost 0.742%*%%  (6.3006) 1.483***  (4.184)  0.698***  (5.938) 1.405%** (4.143)
Unaware 0.424%*  (2.445) 0.405**  (2.381)  0.229 (1.256) 0.223* (1.700)
Aware 1.035%**  (5.422) 0.996***  (5306)  0.807*** (3.964) 0.772%*%* (4.554)
Productivity 0.392%*%  (5.761) 0.363*** (5.145)  0.396*%**  (5.866) 0.366%** (4.525)
Grading 0.148**  (2.517) 0.140**  (2.418)  0.143%* (2.447)  0.135%*  (2.200)
Household size ~ -0.047 (-1.19) -0.051 (-1.255) -0.041 (-1.04)  -0.047 (-1.165)
Age -0.013**  (-2.12) -0.013**  (-2.036) -0.012* (-1.91) -0.012%¥*  (-1.979)
Education -0.010 (-0.55) -0.023 (-1.136) -0.017 (-0.91) -0.026 (-1.315)
% working age  0.359 (1.056) 0.431 (1.230)  0.445 (1.317) 0.481 (1.396)
% retired age -0.891 (-1.39) -0.807 (-1.225) -0912 (-1.44) -0.819 (-1.367)
Mobile phone 0.013 (0.103) -0.042 (-0.314)  -0.020 (-0.16)  -0.063 (-0.491)
Motor bike 0.236*%*  (2.031) 0.181 (1.484)  0.251%* (2.171)  0.192%* (1.689)
Water pump 0.086 (0.675) 0.004 (0.029)  0.060 (0.475) -0.010 (-0.078)
Mist blower 0.278* (1.759) 0.137 (0.786)  0.258 (1.646) 0.135 (0.827)
Power tiller 0.431 (0.912) 0.498 (1.024)  0.503 (1.074)  0.558 (1.255)
Storage house 0.255* (1.910) 0.196 (1.405)  0.209 (1.569) 0.174 (1.425)
Experience 0.014 (1.619) 0.011 (1.252)  0.016* (1.845) 0.012 (1.280)
Chili land 0.362%*%  (5.656) 0.348***  (5.486)  0.360***  (5.653) 0.350%** (4.975)
Prod. record 0.163 (0.775) -0.004 (-0.017)
Market. record 0.358** (2.432) 0319*%*  (2.345)
Constant 11.16%**  (17.99) 11.23%*%%  (18.042) 11.04***  (17.91) 11.13***  (18.026)
adj. R? 0.383 0.395
b. Selection model: bivariate investment decision; dependent variable: high cost (dummy)

Model: Probit Treatment 1% stage Probit Treatment 1% stage
Productivity 0.158***  (2.695) 0.115 (1.527)  0.171***  (2.888) 0.132* (1.745)
Household size ~ -0.008 (-0.207)  0.007 (0.150)  -0.005 (-0.12)  0.011 (0.245)
Age -0.003 (-0.493)  -0.003 (-0.381)  -0.001 (-0.11)  0.001 (0.090)
Education 0.050%* (2.301) 0.039* (1.676)  0.042%* (1.852)  0.027 (1.192)
% working age ~ -0.335 (-0.933) -0.315 (-0.784)  -0.277 (-0.77)  -0.225 (-0.543)
% retired age -0.373 (-0.549)  -0.325 (-0.434)  -0.445 (-0.65) -0411 (-0.482)
Mobile phone 0.329%* (2.437) 0.262* (1.747)  0.312%* (2.275) 0.216 (1.438)
Truck 0.195 (1.622) 0.268**  (1.998)  0.220* (1.797)  0.316*%*  (2.275)
Motor bike 0.282%* (2.096) 0.262* (1.726)  0.260* (1.916) 0.223 (1.485)
Water pump 0.47%** (2.859) 0.491*** (2.590)  0.46%** (2.763)  0.456**  (2.366)
Mist blower -0.222 (-0.450)  -0.206 (-0.350) -0.232 (-0.47)  -0.230 (-0.418)
Power tiller 0.125 (0.888) 0.189 (1.246)  0.076 (0.527) 0.138 (0.907)
Storage house 0.016* (1.758) 0.013 (1.311)  0.019%* (2.071) 0.016 (1.502)
Experience -0.008 (-0.207)  0.058*** (2.883)  -0.005 (-0.12)  0.132% (1.745)
Land owned 0.07%** (3.702) 0.739%** (4.049)  0.07*** (3.433)  0.05%%*  (2.654)
% land rented 0.71%** (4.082) 0.115 (1.527)  0.73%%* (4.088) 0.76%*%*  (4.108)
Prod. record 0.76%** (3.031) 0.81%*%*  (3.003)
Market. record -0.003 (-0.02)  0.049 (0.306)
Distance to road -0.169 (-1.612)  -0.239**  (-2.183) -0.157 (-1.49)  -0.215%* (-2.189)
Constant -1.5%%* (-3.446)  -1.39*%**  (-2.817) -1.69%**  (-3.83) -1.63%F* (-3.244)
Pseudo R’ 0.121 0.137
N 462 462 462 462
athrho -0.436%*  (-2.172) -0.419%*  (-2.063)
Insigma 0.132%*%  (2.425) 0.116%*  (2.168)
Wald chi’ 247.054  p=0.00" 273.568  p=0.00"
Independent test 3.536 p=0.00" 4.255 p=0.04"

t statistics in parentheses; * p < .1, ¥* p <.05, *** p < .01; are p-value for Prob. > chi2
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The first stage decision decides between entering into relatively high and relatively low cost
production, which relates to higher and lower probability of supplying to the supermarket
channel. This is significantly correlated with farmers’ productivity (Table 5, lower panel).
More productive farmers are more likely to invest in high cost for chili production, even after
controlling for farmers’ household characteristics, land ownership and other assets. Among
the control factors, we see that more educated and more experienced farmers are more likely
to invest in high cost production. In addition, non-land assets such as motor bikes and water
pumps positively correlate with the endogenous decision in making high cost investment. The
instrument variable, distance to road, is statistically significant. The negative coefficients
suggest that farmers who live at more remote locations are less likely to invest in high cost
production. This is in line with what we expected: lower search cost for traders makes it more

likely for farmers to engage in high cost production.

In the second stage, the high cost investment decision dummy variable significantly affects
farmers’ profit from chili production in all specifications (Table 5, upper panel). The
estimates from the treatment effect model indicates that other things being equal, farmers
who invest in high cost production earn on average 140 percent higher profits than farmers
who invest in relatively low cost production. The difference is net of the observed selection
bias concerning farmers’ investment choice in the first stage. This is much higher than the 70
percent suggested by the OLS estimation. In addition, the estimated coefficient regarding
farmers’ productivity is a statistically significant factor affecting both the investment decision
(1** stage) and the profitability of chili production (" stage). The results show that more
productive farmers are not only more likely to invest in high cost production; their profits are
also higher as compared to less productive farmers. The result mirrors our earlier prediction
from the theoretical model regarding the productivity sorting of farmers into different

investment level, and how it affects profitability.

The coefficient for the aware and unaware farmers dummy variables are both positive and
statistically significant, suggesting that modern channel participation gives producers
additional profits as compared to the traditional farmers, even after controlling for the
investment differences. More interestingly, the profit premium is significantly lower for
unaware farmers as compared to the aware farmers. The aware farmers earn on average 72
percent higher profits than traditional channel farmers, while the profit premium for unaware

farmers is only 22 percent. Since both aware and unaware farmers are modern channel
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producers, the difference in this premium has important implications as it suggests that
participation in the modern retail channel provides additional profits which depend on the
awareness of participation. The lower profit premium for the unaware farmers can potentially
be explained by the difference in bargaining power or farmers’ ability in assessing traders’
willingness to pay. Farmers have to be aware of the marketing channel of their products to
capture a greater proportion of the profit margin from supplying to the modern channel. In all
specifications, we controlled for the quality of the output (grading), land area for chili

production, other household characteristics and non-land assets owned.

The sign of estimated coefficients from the OLS and probit model as compared to the
treatment effect model is the same for all the variables with significant estimates. The
standard deviations of the estimated coefficients from the treatment effect model are much
smaller for the key variables. The coefficients for most variables are not very different, with
the exception of the estimated effect of the high-cost bivariate dummy, which is much higher

for the treatment effect model than the outcome for the OLS estimation.

An interesting result shows up when record keeping behavior is distinguished between
production and marketing records. We see that production record keeping (pesticide
application dates and amount of pesticide used) is significant in determining the first stage
investment decision, while marketing record keeping (price and quantity) is significant in
affecting the second stage profit outcome. This result reinforces the link we find between
productivity and the investment decision. Production records as a knowledge base for self-
evaluation of productivity can support investment decisions, while marketing records provide

a base for assessing the market conditions and rewards farmers with higher profit.

Lastly, to justify our model choice, the reported Wald test of all coefficients in the output

(second stage) model being zero is rejected in both of the treatment effect specifications. The

test statistics are f =152 and ,l/ =282, with p <0.01, indicating the covariates used in the

model are appropriate and at least one of the covariates used in the regression is not equal to

zero. In addition, if p=0, the errors # and v are independent and there is no endogeneity

problem. The Wald test for independence reported at the bottom of Table 5 compares the joint
likelihood of an independent probit model for the selection equation and an OLS regression

model on the observed data against the treatment effect model likelihood. The likelihood test
for H,: p=0 gives ¥’ =3.96 and " =5.68 with both p < 0.01rejects the null hypothesis at a
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statistically significant level. This suggests that using OLS regression results in biased
estimation of the effect of high cost investment, and instead applying the treatment effect
model is indeed appropriate since it allows the correlation between the two error terms to be

non-zero (p #0).

5.2 Channel choice and effect on net income

In this section, we explore the influence of participating in the modern food retail channel on
income. Knowing the importance of investment on quality which may further influence

modern channel participation, we estimate the following two stage treatment effect model:

channel choice = @(distance) + i (cost, productivity, controls) + u (1* stage)

net income = #¥(channel choice) + i (awareness, productivity, controls) + v ™ stage)

Notice that we included the awareness indicator into the specification. The results are
reported in Table 6, which is organized in the same way as Table 5, with record keeping
behavior in the second specification, the probit and OLS regression reported in columns 1

and 3 and the first and second stage of the treatment effect model reported in columns 2 and 4.

From the outcome model, the positive and significant coefficients suggest that participating
in the modern food retail channel increases farmers’ net income by 75 percent as compared to
non-participating farmers. This corroborates the earlier finding of a positive correlation
between participation and income. In contrast, using the OLS model instead gives (negative)
insignificant coefficients for the modern channel variable. In addition, our awareness
indicator captures the additional welfare loss for the unaware farmers. After controlling for
the first stage modern channel participation choice, awareness increases farmers’ net income
by an additional 37 percent. The effect of channel choice is stronger when we control for

record keeping behavior (column 4).

From the selection model, the positive and significant coefficient of the chili costs suggests
that farmers who invest more are more likely to become modern channel producers. The
coefficient for the identification variable, distance to asphalt road, is negative and statistically
significant in both treatment effect specifications. In the probit model, the distance coefficient

instead become insignificant when record keeping behavior is included in the model.
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Table 6. Treatment effect, OLS and Probit regression output -- Income

(D @) 3 (€]
a. Outcome model: total net income.

Model: OLS 2nd stage treatment OLS 2nd stage treatment
Channel (0/1) -0.179 (-1.42)  0.693*** 4.12) -0.216 (-1.60) 0.750%** (4.26)
Aware  (0/1) 0.365** (2.01) 0.408%** (2.39) 0.367** (2.01) 0.367** (2.16)
Household size ~ 0.025 0.99)  0.029 (1.08)  0.026 (1.04) 0.029 (1.11)
Age 0.003 (0.61) 0.005 (1.05) 0.003 (0.69) 0.004 (0.89)
Education 0.033** (2.30) 0.017 (1.15) 0.030%* (2.14) 0.023 (1.56)
% working age 0.007 (0.03) -0.043 (-0.16) 0.036 0.14) -0.033 (-0.12)
% retired age -0.260 (-0.64) -0.588 (-127)  -0.266 (-0.66)  -0.515 (-1.13)
Mobile phone  0.30%%*  (3.22)  0.290%**  (2.97)  0.296%**  (3.14)  0318%**  (3.23)
Motor bike 0.44%x%  (521)  0413%*%  (475)  0.440%%*  (524)  0.423%F  (4.88)
Water pump 0.184** (2.09) 0.222%* (2.40) 0.178%* (2.03) 0.230%* (2.50)
Mist blower 0.398***  (3.52) 0.337%%* (2.88) 0.398%*** (3.51) 0.352%** (3.05)
Power tiller 0.478* (170) 0507+  (2.12)  0.477* (176)  0.443* (1.91)
Storage house ~ 0.513*%% (575)  0.416%%*  (4.30)  0.498%*  (559)  0.462%%*  (4.90)
Experience 0.016%**  (2.81) 0.024%** (3.80) 0.017%%** (2.92) 0.022%** (3.58)
Land owned 0.025* (1.92) 0.017 (1.33) 0.023* (1.77) 0.016 (1.28)
% land rented 0.307***  (2.60) 0.253%* (2.21) 0.312%%** (2.66) 0.303%** (2.68)
Prod. record 0.240 (1.62) 0.215 (1.34)
Market. record -0.017 (-0.15) -0.385***  (-3.09)
Constant 14.75%**  (45.03) 14.684*** (43.810) 14.714*** (44.52) 14.736%**  (44.16)
Adj. R2 0.261 0.262
b. Selection model on bivariate channel choice decision
Model: Probit 1st stage treatment Probit 1st stage treatment
Chili cost 0.255%%% (3.54) 0323% (470)  0.181%*  (228)  0251*** (3.59)
Household size ~ -0.027 (-0.55) -0.019 (-0.42) -0.036 (-0.67) -0.032 (-0.63)
Age -0.008 (-1.05) -0.008 (-1.20) -0.001 (-0.17) -0.005 (-0.567)
Education 0.057** (2.39) 0.054%* (2.48) 0.033 (1.25) 0.020 (0.75)
% working age  0.244 (0.58)  0.216 0.52) 0334 071) 0297 (0.65)
% retired age 1.199 (1.63) 1.396* (1.87) 1.018 (1.30) 1.291 (1.62)
Mobile phone 0.031 (0.19) -0.063 (-0.40) -0.088 (-0.48) -0.178 (-1.05)
Motor bike 0.027 (0.19) 0.004 (0.03) 0.035 0.23) -0.020 (-0.14)
Water pump -0.255 (-1.62) -0.313**  (-2.11)  -0.292% (-1.70)  -0.333%%  (-1.96)
Mist blower 0.206 (1.02)  0.199 099)  0.151 0.67) 0227 (1.17)
Power tiller -0.290 (-0.52) -0.149 (-0.40) -0.004 (-0.01) 0.142 0.43)
Storage house 0.325%* (2.06) 0.234 (1.47) 0.116 (0.66) -0.039 (-0.22)
Experience -0.05%**  (-4,02) -0.047***  (-4.27) -0.040***  (-2.87) -0.035***%  (-3.02)
Chili land 0.072 (0.94) 0.125* (1.65) 0.107 (1.178) 0.213%* (2.33)
Prod. record -0.050 (-0.21) -0.028 (-0.12)
Market. record 1.389%** (8.14) 1.426%** (7.96)
5, prnce 1o -0.447%%  (-2.14)  -0.484%%F  (:3.552)  -0.305 (-122)  -0452%%  (-2.50)
Constant 5405 (4.81)  -6.810%%F  (-6.348) -5.260%%* (-425)  -6.974%  (-6.24)
PseudoR2 0.146 0.299
N 462 462 462 462
athrho 20658 (-6.815) 20734 (-6.735)
Insigma -0.061 (-1.475) -0.066 (-1.603)
Wald_chi2 263.449 p=0.000 45.366 p=0.000
Independent test 46.443 p=0.000 41.815 p=0.000

¢ statistics in parentheses; * p < .1, ¥* p <.05, *** p < .01

Among the control variables, we see that most household characteristics do not have a strong

correlation with farmers’ channel choice, with the exception of experience and water pump
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ownership. Similar to other studies, we see that more experienced farmers are less likely to
participate in the modern channel. It is argued that the longer the farmers have been growing
chili, the stronger the relationship they formed with the buyers they are familiar with. These
farmers are then less likely to seize new market opportunities, especially when it requires
making adjustments in the production method for better output quality. The independent
probit model explains slightly less than 14 percent of the variation, but is significantly

improved to nearly 30 percent when record keeping behavior is included in the specification.

The results also suggest that farmers’ net income correlates positively with farm households’
non-land assets. Farm households with more experience in chili production have a higher
income level. Household who have a higher percentage of farm land rented also have a higher
income level. This suggests that these farmers are likely to have better knowledge and
capability to mobilize their production capacity when necessary. Notice that, unlike the
previous section, keeping marketing records is significantly affecting farmers’ channel choice
in the first stage. The result suggests that better documentation of price and quantity increases
farmers’ knowledge about the market. Record keeping behavior is costly, however, and shows
up as a significantly negative factor for net income. Overall, the Wald test and independence

test again confirm the appropriateness of using the treatment effect model.

5.3 Robustness check

As a robustness check for the chili profit model, we use cost per square meter invested
instead of total investment (Table 7). Again the treatment effect model suggests that more
productive farmers engage in relatively high cost (per unit land) production, which is
rewarded with higher profits. The profit premium for participating in the modern channel is
still positive and significant. Aware farmers are again enjoying higher profit margins for
participating in the modern channel as compared to the unaware farmers. The OLS and probit
model shows similar results for most of the variables, but with an insignificant coefficient for
the unaware farmers and investment level in affecting chili profits. The profit premium for
the aware farmers as compared to the traditional farmers is significantly positive and is
double the premium enjoyed by the unaware farmers as compared to the traditional farmers.

Overall, the Wald-test is again in support of the treatment effect model.
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Table 7. Robustness check for chili profit

@) ) 3) 4
Dependent var. High cost /m2 High cost /m2 Chili profit Chili profit
model Probit Treatment 1st stage OLS Treatment 2nd stage
Productivity 0.883%%% (9.38)  1.022%%%  (8.05) 0.449%%* (598) 0.256**  (2.15)
High Cost 0.134 (1.06)  1.008%%*  (2.64)
Unaware 0.305 (1.61)  0311%%  (2.27)
Aware 0.78%%%  (3.67)  0.78%%%  (4.68)
Grading 0.144%%  (2.38)  0.118* (1.87)
Distance to road -0.092 (-0.74) -0.223 (-1.43)
f;fi‘é“‘on 0.305 (123) 0330 (129) 0261 (121) 0216 (1.03)
Marketing record  0.272%  (1.71)  0401%*  (230)  0.386**  (2.52)  0.240 (1.55)
Constant SL50FEE(3.16) -1.92%FFF (L3.54)  10.2%FF (16.35)  10.2%F%  (16.74)
Pseudo /adj. R2 0.258 0.348
N 577 459 562 459

t statistics in parentheses; * p < .1, ¥* p < .05, *** p < .01;
Wald chi2(21) = 280.82 (prob>ch12=0.000), independence test = 4.543 (pr0b>chi2=0.033); athrho = -0.511(-
2.131)

So far, we have treated investment as a dummy variable, indicating the relatively high or low
cost investment farmers engage in for chili production. To expose the full information we
have from the data, we run two separate OLS regressions. The first regression is the same as
our probit specification in estimating the total costs farmers invested for chili production in
section 5.1. We then use the predicted cost from the first regression to explain farmers’ profit
from chili production for the second OLS regression. The variables used are the same as
before except for the cost variable, which is now continuous. Table 8 reports the coefficients

for the key variables of interest. The complete output is provided in appendix Al and A2.

Table 8. Robustness check for chili profit with continuous cost”

~ (1 (2)
Dependent variable Linear total Cost Chili profit
Productivity 0.249%** (5.679) 0.363%*%** (3.948)
Predicted total cost 0.455%=* (1.992)
Unaware 0.329* (1.764)
Aware 0.745%** (3.531)
Grading 0.134%%* (2.199)
Distance to road 0.031 (0.375)
adj. R2 0.2339 0.3499

t statistics in parentheses; * p < .1, ** p < .05, *** p < .01. *Full specification is the
same as the model in column 4 of Table 5 with exception of different cost variable used.
Coefficients for the control variables are omitted in the Table

The robustness check for the effect of the investment decision on profits again supports our
earlier findings (Table 8). The coefficient for the predicted costs indicates that a 1 percent

increase in costs results in a 45 percent higher chili profits, while a 1 percent increase in
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productivity increases farmers’ total cost invested in chili production by 25 percent. In
addition, supplying to the modern channel increases farmers’ profits even after controlling for
the investment level. Unaware modern channel producers have on average 33 percent higher
income than the traditional channel producers, while aware modern channel producers have
an even higher profit margin (75 percent higher) as compared to the traditional channel
producers. The difference in profit margin between the aware and the unaware farmers is

statistically significant

6. Conclusion

The dynamics in the food retail sector which led to the rising importance of high-value
supermarkets in developing countries provides both challenges and opportunities for farmers.
Marginalization of small farmers has been one of the main concerns. While a growing
number of studies looks into the determinants of the modern channel participation a
theoretical foundation is often lacking. In this article, we provide a simple model illustrating
the self-selection of farmers into different levels of investment for production, and how the
result of the self-selection affects farmers’ welfare. We thus provide a theoretical foundation
for analyzing the increasing demand for high quality food supplied by the supermarket. We
link investment differentials to the likelihood of modern channel participation as private

standards require higher input investments to insure output quality and consistency.

Empirical studies support the connection between the investment level and modern channel
participation. Based on evidence for micro-farm households in Indonesia, we arrive at three

main conclusions.

First, farmers who invest in high cost production are rewarded with high profits. There is
clearly self-selection based on farmers’ productivity for the investment level chosen. Land
ownership, and ownership of other non-land assets, such as trucks and water pumps, are also

important factors that endogenously determines farmers’ investment choice.

Second, we find a positive and significant income effect for modern channel participation.
Moreover, self-selection of participation is correlated with farmers’ investment level. In other
words, more productive farmers are more likely to make high levels of investment for
production. More investment increases farmers’ chance of producing high quality output,

which raises the likelihood to become suppliers for the modern food retail channel. These
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results confirm the previous concerns that the requirements of supermarket in output quality
and consistency pose a challenge to the resource-poor and credit constrained farmers in

participating in the modern food retail channel.

Third, depending on the farmers’ awareness of their participation in the modern food retail
channel, farmers who are unaware of their participation can be deprived from obtaining the
full profit margin as compared to their neighbors who are aware of their participation.
Controlling for investment choice, the profit premium enjoyed by the aware farmers can be
up to four times larger than the profit premium enjoyed by the unaware farmers. Our results
mirror the two gaps pointed out by Torero and Gulati (2004), namely the ‘real access gap’ and
the ‘market efficiency gap’, which need to be solved by institutional change and
infrastructure (see also Torero, 2011, and Gulati et al., 2007). We show that even after farmers
overcome the ‘real access gap’ of becoming an efficient and capable modern channel
suppliers, those who fail to address the ‘market efficiency gap’ regarding farmers’ ability to
utilize market information will be unable to reap the full benefits of engaging in the modern

food retail value chain.
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8. Appendix

Appendix Al Full result of robustness check Table 7.

Dependent var. (1) High cost /m2 (2) High cost /m2 (3) Chili profit (4) Chili profit
model Probit Treatment 1st stage OLS Treatment 2nd stage
High Cost 0.134 (1.06) 1.008***  (2.64)
Unaware 0.305 (1.61) 0.311%* (2.27)
Aware 0.775***  (3.66) 0.782%**  (4.67)
Productivity 0.883***  (9.37) 1.022%:%3% (8.05) 0.449***  (5.98) 0.256%** (2.15)
Grading 0.144%** 2.37) 0.118* (1.87)
Household size 0.025 (0.57) 0.046 0.92) -0.037 (-0.90) -0.053 (-1.22)
Age 0.004 (0.49) 0.003 (0.36) -0.014%* (-2.16)  -0.014%** (-2.22)
Education 0.031 (1.35) 0.022 (0.94) -0.009 (-0.44) -0.021 (-0.97)
% working age 0.810%* (2.06) 1.297%%3* (2.84) 0.417 (1.18) 0.136 (0.36)
% retired age -0.190 (-0.25) 0.233 (0.30) -0.966 (-1.47)  -1.100* (-1.88)
Mobile phone 0.121 (0.82) 0.013 (0.08) 0.007 (0.06) 0.036 (0.26)
Motor bike -0.070 (-0.52) -0.022 (-0.15)  0.268** (2.23) 0.260%** (2.17)
Water pump 0.270%* (1.86) 0.274* (1.77) 0.114 (0.87) 0.048 0.37)
Mist blower 0.403%* (2.29) 0.342* (1.66) 0.325%* (2.00) 0.175 (1.10)
Power tiller 0.225 (0.40) 0.162 (0.26) 0.494 (1.02) 0.456 (1.05)
Storage house -0.105 (-0.69) 0.011 0.07) 0.178 (1.29) 0.210* (1.66)
Experience -0.013 (-1.26)  -0.027** (-2.25)  0.020%* (2.25) 0.029%**  (3.08)
Land owned 05 -0.046**  (-2.28) -0.032 (-1.47)

% land rented 0.368* (1.96) 0.618%** (2.87)

Chili land 0.484***  (7.75) 0.498***  (7.55)
Production record  0.305 (1.23) 0.330 (1.29) 0.261 (1.21) 0.216 (1.03)
Marketing record ~ 0.272%* (1.71) 0.401** (2.30) 0.386%** (2.52) 0.240 (1.55)
Distance to road -0.092 (-0.73) -0.223 (-1.43)

Constant -1.50%**  (-3.16)  -1.91%** (-3.54) 10.16*%**  (16.34) 10.17***  (16.73)
Pseudo /adj. R2 0.258 0.348

N 577 459 562 459

t statistics in parentheses; * p < .1, ** p < .05, *** p < .01; Wald chi2(21) = 280.82 (prob>chiz=0.000),
independence test = 4.543 (prob>chi2=0.033); athrho =-0.511(-2.131)
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Appendix A2 Full result of robustness check table 8.

Dependent variable (1) Linear total Cost (2) Chili income
Predicted total cost 0.455%* (1.992)
Unaware 0.329* (1.764)
Aware 0.745%%** (3.531)
Productivity 0.249%** (5.679) 0.363*** (3.948)
Grading 0.134%** (2.199)
Distance to road 0.031 (0.375)

Household size 0.011 (0.364) -0.046 (-1.127)
Age -0.005 (-0.976) -0.013* (-1.949)
Education 0.015 (0.921) -0.015 (-0.740)
% working age -0.154 (-0.560) 0.479 (1.372)
% retired age -0.265 (-0.515) -0.823 (-1.252)
Mobile phone 0.263%* (2.552) -0.093 (-0.650)
Motor bike 0.217%* (2.321) 0.174 (1.381)
Water pump 0.184* (1.801) 0.016 0.113)
Mist blower 0.357%%* (2.939) 0.097 (0.522)
Power tiller 0.231 (0.631) 0.417 (0.862)
Storage house 0.184* (1.691) 0.083 0.577)
Experience 0.015%* (2.140) 0.014 (1.504)
Chili land 0.437*%* (6.688)
Production record 0.444%%* (2.444) 0.067 (0.283)
Marketing record 0.216* (1.861) 0.294* (1.837)
Land owned 05 0.067*** (4.825)

% land rented 0.634%** (4.827)

Constant 14.366***  (43.847) 3.959 (1.215)
adj. R2 0.234 0.350
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