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Abstract:

In the light of on-going debates about the sustainable agricultural intensification and sustainable
development paradigms, this paper examined the linkages between integrated aquaculture-agriculture
(1AA) value chain participation dynamics and the welfare of marginalized extremely poor indigenous
households using a three-wave household panel dataset from Bangladesh. The distributional effect of IAA
participation was also investigated by examining impacts across different value chain actors. We applied
pooled Ordinary Least Squares, Random-Effects, and Standard Fixed-Effects, Heckit panel, and control
function approaches to control for endogeneity of IAA participation and unobserved heterogeneity. We
found that 1AA value chain participation is positively correlated with household income, expenditure and
the consumption frequency of certain foods, especially fish consumption, and the benefits continue to accrue
after discontinuing participation in the value chain. The results reveal that IAA value chain participation
has higher impacts on the welfare of relatively wealthier households involved in production related 1AA
value chain activities than on landless, extremely poor households that were involved in upstream and
downstream IAA value chain activities.
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Impact of Integrated Aquaculture-agriculture Value Chain Participation on Welfare of Marginalized
Indigenous Households in Bangladesh: A Panel Data Analysis

Abstract

In the light of on-going debates about the sustainable agricultural intensification and sustainable
development paradigms, this paper examined the linkages between integrated aquaculture-agriculture
(IAA) value chain participation dynamics and the welfare of marginalized extremely poor indigenous
households using a three-wave household panel dataset from Bangladesh. The distributional effect of
IAA participation was also investigated by examining impacts across different value chain actors. We
applied pooled Ordinary Least Squares, Random-Effects, and Standard Fixed-Effects, Heckit panel, and
control function approaches to control for endogeneity of IAA participation and unobserved
heterogeneity. We found that IAA value chain participation is positively correlated with household
income, expenditure and the consumption frequency of certain goods, especially fish consumption, and
the benefits continue to accrue after discontinuing participation in the value chain. The results reveal
that IAA value chain participation has higher impacts on the welfare of relatively wealthier households
involved in production related IAA value chain activities than on landless, extremely poor households
that were involved in upstream and downstream IAA value chain activities.
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1. Introduction

Despite the decreasing trend in the incidence of extreme poverty, hunger and malnutrition in Asia this
region remains home to the largest number of poor, hungry and malnourished people in the world
(FAO/IFAD/WFP, 2013; ADB, 2014a). Most of these people live in rural areas furthest from roads,
markets, schools, and public health services, are less likely to be educated, often belong to minority and
other marginalized social groups, and most of them are either directly or indirectly engaged in
agriculture as their primary source of livelihood (Ahmed et. al., 2007; IFAD, 2003, 2011). Markedly,
agricultural intensification through the innovations of the Green Revolution, such as high-yield seed
varieties, chemical fertilizers, and modern irrigation technologies over the past several decades led to a
dramatic increase in agricultural production, improved livelihoods, and radically transformed the course
of agricultural development in South and East Asia (Pender, 2007). But the impacts of the Green
Revolution have also been criticized for the negative long term environmental and social equity impacts
and recently rice yields have been declining or stagnant in many parts of Asia (Pimentel and Pimentel,
1990; Pingali and Rosegrant, 1994; Kerr and Kolavalli, 1999; Das 2002; Pingali, 2012).

Like many other Asian countries, the economy of Bangladesh also largely depends on agriculture.
Agriculture accounts for close to half of employment, 20% of GDP, and is the basis of food security for
the entire population. Even with steady and commendable progress poverty is still widespread and
continues to be largely a rural phenomenon, accounting for 84% of the nation’s poor. Bangladesh also
faces many challenges to food security, including, but not limited to, climate change, population growth,
vulnerability to price shocks, increasing natural resource scarcity, persistent poverty, and malnutrition.
Most of the rural poor who struggle to achieve food security are either directly or indirectly engaged
with agriculture for their livelihood, thus fostering agricultural development and sustainable rural
natural resource management are crucial for reducing poverty and improving food security in
Bangladesh (ADB, 2014b; Cortijo, 2014).

The people of Bangladesh are commonly referred to as ‘macche-bhate bangali’ (‘the people made of fish
and rice’). Like many other Asian countries rice and fish have been an essential part of Bangladeshi
culture from time immemorial as household staple foods. Rice is the main source of dietary
carbohydrates and fish (as well as aquatic crustaceans) as the main source of dietary animal protein
(Dey et al., 2013). Rice is the leading agricultural crop, in fact so much so that in Bangladesh food
security is mainly defined in terms of access to rice (Ahmed et al., 2013). The demand for rice and fish in
the country is constantly increasing due to mounting population growth (Chowdhury, 2009). Like many
other Asian countries rice production in Bangladesh is threatened due to land degradation (caused by
overuse of fertilisers and pesticides), decreased arable land area, the effects of climate change, and
other environmental problems (Alauddin and Tisdell, 1991; Ali et al., 1997; Rahman, 2003a, 2003b;
Sarker et al., 2012). However, IAA" technologies potentially offer a sustainable solution to this problem
by contributing to food security, income, and dietary nutrition (FAO, 2000; Ahmed and Garnett, 2011).

Bangladesh has two to three million hectares of land that is suitable for rice-fish based IAA production
(ADB, 2005; Dey and Prein, 2006; Ahmed and Garnett, 2010; Dey et al., 2013). Recent estimates indicate
that approximately 4.27 million households in the country (approximately 20% of all rural households)
own a homestead pond that is suitable for IAA based fish production (Belton and Azad, 2012). However,
due to small farm sizes and low levels of investment in relevant social, economic, and policy dimensions,
this potential is not being fulfilled. According to another recent estimate only about 180,000 ha are

L |AA is based on the concept of integrated resource management, utilizing synergies among subsystems that
result in greater farm productivity. For detailed discussions of IAA related technologies see Edwards (1998), Prein
(2002), and Pant et al. (2005).



currently under rice-fish based IAA production, well below the nation’s potential. This raises the
guestions of whether the adoption and impacts of rice-fish based IAA systems are being adequately
examined or not (Dey et al., 2013). Over many years Bangladesh’s agricultural research and extension
system, international organizations like the WorldFish, various domestic NGOs, private companies, and
rural entrepreneurs have all contributed to extensive research and extension services in participatory
manner to achieve the country’s IAA potential. One such initiative of the WorldFish was the Adivasi’
Fisheries Project, a food security oriented effort to diversify rural livelihood options for resource-poor,
marginalized Adivasi communities in the north and northwest of Bangladesh. Through participatory
processes the project set out to devise and disseminate IAA technologies and related enterprise options
(using a value chain approach) to match the existing physical and human asset bases, and the social and
economic contexts and aspirations needs, resources, and capabilities of Adivasi households (Pant et al.,
2014). Thus participation in IAA value chains by indigenous households was not random.

Based on three rounds of panel data (2007, 2009, and 2012) on indigenous households, this study
assessed the impacts of IAA value chain participation on the welfare of marginalized poor indigenous
rural households in Bangladesh. We also examined the distributional impacts of IAA value chain
participation by examining impacts across different groups of value chain actors by disaggregating
production activity participants from up and downstream participants. Given the potential importance
of IAA systems in Bangladesh this research mostly focused on rice-fish based IAA and the biophysical
and technical feasibility aspects rather than socio-economic aspects. There have been previous socio-
economic research efforts on IAA in Bangladesh (Ahmed and Garnett, 2011; Ahmed et al., 2011; Jahan
and Pemsl, 2011; Dey et al., 2013) and elsewhere (Prein, 2002; Pant et al., 2005; Dey et al., 2010), but all
of these efforts used cross-sectional data that makes it very difficult to control for unobserved
heterogeneity and endogeneity.

Using a large and unique three-wave panel dataset and different panel analysis methods such as Fixed-
Effects (FE) model, Random-Effects (RE) model, bias corrected FE model (Heckit panel), and control
function approaches, the analyses presented in this chapter contribute to the growing body of literature
on the impacts evaluation in at least three ways. First, is the identification of the casual effects of IAA
value chain participation on household welfare in marginal, extreme poverty settings with due
consideration for both observed and unobserved heterogeneity and endogeneity of IAA value chain
participation. Second, is the consideration of backward and forward linkages along IAA value chains for a
comprehensive impact assessment that documents the evidence of heterogeneous treatment effects of
IAA value chain participation. Third, is that this study took into account the impacts of the dynamics of
IAA value chain participation, which is not possible using cross-sectional data and is seldom considered
in many panel data based impact evaluation studies. This appears to be the first impact assessment of
IAA technologies using a large, three-wave panel dataset. The results of the analyses presented in this
chapter provide valuable insights for other developing countries with similar agro-ecological,
socioeconomic, and institutional settings for efforts to address extreme poverty and marginality
problems through IAA systems.

? The terms Adivashi, indigenous, ethnic minority and tribal are used interchangeably in this study. In Bangladesh
Adivasi communities are typically the most marginalized and extremely poor segments of society; live in densely
populated border areas; face dispossession and eviction from their ancestral lands; are often excluded from social
safety net programs; are frequently trapped in poverty; and a significant proportion of them live below the
absolute national poverty line (Pant et al., 2014).



The rest of the chapter is organized as follows. Section 2 briefly describes the data and descriptive
statistics. The empirical approaches are used in this paper are presented in section 3. In section 4 we
present the results and discussion, and in section 5 we conclude with the highlights of the key findings
and policy implications.

2. Data and descriptive statistics

2.1 Data

Data used in this study come from three wave nationally representative survey of plain land indigenous
rural farm households in Bangladesh. The first and second waves of data comes from the Adivasi
Fisheries Project (AFP) household survey, a survey conducted in 2007 and 2009 respectively, that covers
12 sub districts in 5 districts in northwest and southwest region of Bangladesh (see in figure 1), collected
by the World Fish (WF) Bangladesh researchers. At the first and second round, 657 IAA value chain
participators and non-IAA value chain participators were interviewed using a structured questionnaire.
The IAA value chain participators were selected randomly from the Adivasi Fisheries Project (AFP)
participants list and non-lIAA participants also selected randomly, who opted not to participate in the
IAA intervention made by AFP or lived in nearby villages (AFP, 2010; Pant et al., 2014). The third wave of
data re-surveyed in 2012, by the author himself with trained enumerators. Despite significant efforts,
some of the IAA participants and non-participants from the first and second round could not be met
again. Of the 657 households in revisited areas, 571 were found for re-interview in third round, which
gives us an attrition rate of 13.09% between first, second and third round. We tested for attrition bias
and found it is random. Therefore, we end up using a non-balanced panel of a total of 1,885
observations (detail in Table 1).
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Figure 1. Map of the study area indicating the geopolitical districts (purple) and sub-districts (green)



Table 1. Sample size of the panel survey of IAA participating and non-participating households in
Bangladesh
Survey round Year IAA value IAA value IAA value Total Attrition (%)
chain non- chain chain dis-
participants participants participants
1* Wave 2007 147 510 - 657 -
2" Wave 2009 148 509 - 657 -
3" Wave 2012- 121 234 216 571 13.09
2013

2.2 Descriptive statistics
2.2.1 Who participated in IAA value chains in Bangladesh?
Descriptive statistics of the socio-economic explanatory variables used in this analysis are shown in
Table 2 by IAA participation category. Households participating in IAA value chains are, on average,
headed by younger and more educated farmers. In addition, IAA value chain participators have larger
families. This is consistent with the higher labour requirements of IAA value chain activities relative to
rice monoculture. This implies that family labour has an important role in participation and possibly
indicates that subsistence pressure is part of the IAA value chain participation decision-making process.
There were proportionately more male-headed households among participants than in the non-
participant group.

Table 2. Descriptive statistics (mean and standard deviation) of explanatory variables

Variabl | Definition and 2007 2009 2012
es measurement Non- Particip | Non- Partici | Non- Dis- Particip
particip | ator particip | pator partici | partici | ator
ator ator pator pator

Gender | Dummy (1if - 0.90 0.95 091 | 095 | 088 | 092 | 093

of HH | Householdheadis | 50 1 (59) | (028) | (022) | (033) | (0.28) | (0.26)

head male, 0 otherwise) ' ) ) ' ' ) )

ﬁf_le of Egﬂi‘:ﬁ;:s‘h(gg(fiif 46.08 | 43.65 | 47.93 | 46.03 | 50.10 | 47.85 | 48.33

head years) (11.73) | (12.23) | (12.21) | (13.40) | (12.73) | (13.69) | (12.17)

HH size | Continuous (Total
number of 4.42 4.53 4.40 4.61 4.54 4.44 4.80
household (1.51) (1.62) (1.61) (1.58) (1.69) (1.54) (1.57)
members)

Farm Continuous (Total

. . 103.75 102.89 125.23 107.94 115.67 79.49 119.59

size land area in (107.34) | (122.86) | (187.71) | (117.76) | (172.72) | (117.07) | (123.52)
decimals)

Non- Continuous (Per

farm year in BDT) 21650.92 | 21551.08 | 30944.82 | 2845348 | 28343.01 | 32931.94 | 36867.74

. (16983.5) | (15664.5) | (28988.8) | (24363.9) | (44566.2) | (50380.2) | (54930.9)

income

Particip | Dummy (1 if

ationin | household head is a 0.40 0.98 0.58 1.00 0.18 0.13 0.24

a CBO member of a CBO, 0 (0.49) (0.14) (0.50) (0.04) (0.39) (0.34) (0.43)
otherwise)




Access | Dummy (1 if

to household had

extensi | accessto 0.94 0.93 0.93 0.95 0.41 0.38 0.52

on government or (0.24) (0.25) (0.25) (0.22) (0.49) (0.49) (0.50)

service | NGOs extension

3 services)

Irrigati | Dummy (1 if

on irrigated crop land 0.70 0.61 0.66 0.65 0.60 0.42 0.60
last year, O (0.46) (0.49) (0.47) (0.48) (0.49) (0.49) (0.49)
otherwise)

tA(:cess Scucr;‘:;‘ér(: d'iftag'e 1 092 0.91 078 | 08 | 079 | 071 | 075

credit otherwise) (0.27) (0.29) (0.41) (0.34) (0.41) (0.45) (0.44)

Access | Dummy (1 if

::arket ?ffgium'g:irj:‘markm 0.82 0.83 0.62 069 | 055 | 047 | 069

inform | available, 0 (0.39) (0.38) (0.49) (0.46) (0.50) (0.50) (0.46)

ation otherwise)

Marital | Dummy (1 if the

status household head is 0.86 0.93 0.92 0.93 0.92 0.92 0.92

of HH | married, 0 (0.34) | (0.25) | (0.27) | (0.26) | (0.28) | (0.28) | (0.27)

head otherwise)

Main Dummy (1 if main

:’iicn”z:‘ ‘;Ezlizagfd”:;a dis 0.38 0.37 046 | 039 | 048 | 037 | 047

HH agriculture, 0 (0.49) (0.48) (0.50) (0.49) (0.50) (0.48) (0.50)

head otherwise)

Educati | Continuous

ﬂ:. of i’:::;ii;g;gf;rs 3.15 3.24 343 | 406 | 3.40 | 250 | 457

head head attended (3.93) (3.83) (3.83) (4.08) (3.80) (3.43) (3.99)
school)

Number and percentage (in 147 510 148 509 121 216 234

parentheses) of observations (22.37) | (77.63) | (22.53) | (77.47) | (21.19) | (37.83) | (40.98)

Evaluation of the change in household IAA value chain participation status over the years 2007-2012
showed that the probability of continued IAA value chain participation was lower than the probability of
discontinuing participation and non-participation. Only 41% of households who participated in IAA value
chains continued to participate in the subsequent period, while 38% of households dis-participate in
subsequent periods and the rate of discontinuing is quite high among the up and down steam segment
IAA vale chain participants relative to production process participants. Dis-participators differed from
both non-participators and continuous participators in terms of almost all characteristics reported in

Table 2.




2.2.2 Relationship between IAA value chain participation dynamics and household welfare

The IAA value chain participator groups are distinguishable in terms of welfare based on total income
from land, other assets, off-farm income, and non-farm income. In the baseline (2007) incomes and
expenditures among IAA value chain participator were lower than non-participators, but in the
subsequent survey year incomes and expenditures were higher for participator, a difference that was
significant between participators and non-participators (Figure 2).

—&—Non_IAA_Total Household Income —i—|AA_Total Household Income
Non_IAA_Total Household Expenditure =>¢=IAA_Total Household Expenditure
130000 - 120000
120000
~ 110000 - 100000
2 100000 /
£ 90000 - 80000
S 80000
5 70000
c - 60000
g 60000
& 50000
g 40000 - 40000
§ 30000
£ 20000 - 20000
10000
0 0
2007 2009 2012
Year

Figure 2. Household income and expenditure for IAA value chain participators and non-participators in
Bangladesh

2.2.3 Distributional impacts of IAA value chain participation

The welfare effects of IAA value chain participation may not be the same for all actors irrespective of
their participation status. To test for income variability among participation groups, we disaggregated
the IAA value chain participants into two groups: production activity participants and up and down
stream (non-production) segment participants. The IAA production activity group was comparatively
better off than up and downstream IAA value chain participants. Figure 3 presents the welfare outcomes
by group and year. Welfare gains among IAA value chain participants increased over time for both
groups, but the rate for production activity participants was much higher than for up and down stream
participants. The details of the outcome differences between the two major groups are also calculated
but not reported here to save the space. Those details also show that IAA production participators had
significantly greater total income than non-participants. In order to be able to infer whether income
differences were due to IAA value chain participation or other factors we applied a rigorous analytical
model to identify if mean welfare outcomes were due to IAA value chain participation or not after
controlling for confounding factors.
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Figure 3. Distribution of income effects among IAA value chain participators in Bangladesh

3. Estimation Issue and Strategy

The decision of whether or not to participate in IAA value chains is not random, thus the outcome of IAA
value chain participants and non-participants are not directly comparable. This presents some
challenges to estimating the welfare functions, particularly regarding how the unobserved
heterogeneity and potential endogeneity of some variables are addressed in the models. In this section
we discuss the estimated models and how these issues were treated.

In any given year the decision by a household to participate in IAA value chains or not will be
determined by its expected utility or the relative costs and benefits associated with either option.
Participation in IAA value chains was expected to have important positive impacts on household welfare
through direct and indirect pathways that were discussed in the context of the conceptual framework.
The indicators of household welfare outcomes for this analysis were annual household income,
expenditure and the consumption frequency of different food items measured at the household level.
Another suitable welfare indicator, asset holdings (the value of household assets), was not an option
because these data were not collected during the first two survey efforts. The welfare equation is simple
and relatively straightforward. We defined welfare (income or expenditure or consumption) (Y;) as a
function of IAA value chain participation (IAAp;), IAA value chain dis-participation (IAAd;), and a vector
of relevant covariates (Z;;), that may include both time-variant and time-invariant factors.

The generic specification for impact evaluation is expressed as:

Yie= o+ ZiB1 + IAAP; Bo+ IAAd; B3, Tey+ i + € (1)



In this impact model the dynamics of participation are shown by analysing whether the gains from IAA
value chain participation persist over time, and what the economical impacts of dis-participation from
IAA value chain participation. The coefficients (B, and B;) of the two participation status dummy
variables in this model represent the impacts of being in the particular category on welfare as compared
to non-participation in IAA value chains, which was the reference category. B, indicates whether the
range of welfare outcomes among IAA participators and non-participators increases or decreases over
time for households that remain in their particular category. Bs is the effect of dis-participation in
comparison to non-participation in IAA value chains. The coefficients difference (B,. Bs) provides the
welfare effects of dis-participation in comparison to IAA value chain participation. A dummy variable
representing the year data were collected (T;) was used to control for time fixed effects, c; is an
individual-specific effect, and €;; is an idiosyncratic error term. Explanatory variables included in Z that
are likely to affect household welfare are based on extensive theoretical and empirical literature review
on technology, or innovation, or high value chain participation impact studies, which are shown in Table
4.1 and discussed in section 4.4.1.

At the beginning it was assumed that IAA value chain participation is exogenous (i.e. the decision to
participate in IAA value chains is independent of material outcome) and there are presumably no factors
that simultaneously affect IAA value chain participation and household welfare. We used a Pooled
Ordinary Least Squares (POLS) estimator to estimate Equation 2.

Yie= a+ Zi By + IAAP; B+ IAAd; B3, Teyv+ €t (2)

The POLS estimator ignores the panel structure of the data and simply estimates the coefficients by
using OLS regression and by assuming that g;, the idiosyncratic error term, is uncorrelated with the
explanatory variables in Equation 2.

It is very unlikely, however, that IAA value chain participation is exogenous. IAA value chain participation
is a decision variable and hence may be correlated with the error term in the welfare equations. It may
also result from unobserved heterogeneity between IAA value chain participators and non-participators.
Such heterogeneity is very likely, as households self-select the IAA value chain participation category
they belong to. Households that self-select IAA value chain participation may do so on the basis of
unobservable characteristics that also determine the household welfare (Heckman and Hotz, 1989).
Households with greater resources, skills, capabilities, and motivation (which are all also likely to affect
household welfare) may decide to participate in IAA value chains, while those that do not have or that
have fewer resources may not participate in IAA value chains and vice versa. If this is the case the impact
of IAA value chain participation estimated with Equation 1 will be either over- or underestimated.

Panel data models that allow IAA value chain participation decisions to be correlated with unobservable
effects on outcome variables control this problem (Heckman and Hotz, 1989; Berhane and Gardebroek,
2011). We used three such empirical approaches to exploit the panel nature of the data: the Standard FE
model, the Heckit panel model, and a control function approach. An important issue in estimating panel
models is how to deal with the unobserved heterogeneity effect, ci. Following a strict exogeneity
assumption (i.e. the time invariant unobserved heterogeneity, ci, is not correlated to any of the other
covariates) then v;; = ¢; + €, can be considered as a composite error and the following equation can be
estimated through a RE model.

Yie= ot Zie By + |AAD; Bor IAAd;; B3 Te v+ Vit (3)



However, the strict exogeneity assumption is very strong and it is very unlikely that the unobserved
heterogeneity will be orthogonal and uncorrelated to the other covariates (Bezu et al., 2014). If this is
the case and it is not controlled for, this could lead to selection bias in the estimated welfare effects of
IAA value chain participation. Literature suggests that a common and straightforward way to control the
selection bias problem is to use a household FE estimator (Wooldridge, 2002; Greene, 2008). Recent
empirical research efforts frequently use an FE estimator to control for the selection bias problem (Crost
et al.,, 2007; Jorgenson and Birkholz, 2010; Berhane and Gardebroek, 2011; Kouser and Qaim, 2011;
Kathage and Qaim, 2012; Bezu et al., 2014; Muriithi and Matz, 2015).

This Standard FE model allows for individual heterogeneity, ci, to be correlated with the vector of
explanatory variables, Z;.. The Standard FE estimator provides a consistent estimate of welfare effects by
differencing out all time-invariant unobserved heterogeneity effects (Wooldridge, 2002). We estimated
the welfare outcome Equation 1 by using a FE model because these are linear models. Some of the
outcome variables are censored at zero or count variables. For such outcome variables (such as
consumption frequency) in the welfare equation we estimated the equation by using a Poisson
estimator, otherwise the linear specification will lead to a biased estimate (Wooldridge, 2002). We also
used a Hausman test to compare the FE and RE model results and to detect unobserved heterogeneity,
although it is neither necessary nor a sufficient condition to test (Snijders, 2005; Greene, 2008). Both the
RE and FE model results are reported, but an interpretation is only given for the FE estimate®.

As already discussed, the IAA value chain participation and dis-participation in Equation 1 may be
correlated with the error term. We also used a framework similar to Heckman’s two-stage model with
panel settings to control for possible endogeneity of the selection of participation in IAA value chains
and checked the robustness of the above results with a FE estimator. The first step involves estimating
the IAA participation and dis-participation selection equations using a pooled Probit model for different
T by including the exclusion restriction variables and then computed the T inverse Mills ratios (A;; and
A\, for participation and dis-participation respectively). In the second step the Mills ratios were plugged
into the welfare outcome equation to control for possible self-selection into IAA value chain
participation and dis-participation, which was then estimated using a standard household FE model by
excluding the exclusion restriction variables. The welfare outcome Equation 1 was amended as follows:

Yi= a + Xt By + |AAp;; B2+ IAAd; B3+ Agie + Agie + Tey+ G + € (4)

where X;; contains Z;, but three variable less, that affect IAA value chain participation and dis-
participation, but not household welfare, which is what the identification of the causal effect hinges on.

Furthermore a control function approach was used to control for possible endogeneity of selection in
IAA value chain participation and to check the robustness of the above results with a different
estimator. This approach also involves two steps; the first step it involves estimating the reduced form
(like the selection model) of the IAA participation and dis-participation model by using a RE probit model

3 Within-group variability with respect to the treatment variable (in this case IAAp and IAAd) is necessary in order
to estimate an efficient FE model (Kikulwe et al., 2014). Thus, there needs to be a sufficient number of households
that participate in IAA value chains or that discontinued participation in the first year of the survey, but not in
another year. Such variability is present in the data, especially between the survey wave one (2007) and three
(2012), and between years two (2009) and three (2012), because in the third wave a large number of IAA value
chain participators became dis-participators.



by including the exclusion restrictions and then computing the generalized residuals (64 and &,;; for
participation and dis-participation respectively). In the second step the generalized residuals were
included in the welfare outcome (structural) equation to control for possible endogenous selection of
IAA value chain participation, which is then estimated using a standard household FE model by removing
the exclusion restriction variables. A significance test on the coefficients (6, and &,) of the residuals tests
for endogeneity of the IAA value chain participation and dis-participation (Bezu et al., 2014). The welfare
outcome Equation 1 was amended as follows:

Yie= a+ Xt By + |1AAP; Bas IAAd; B3y Oqit ot Te Y+ € + €, (5)

In the Heckit model and control function approach ‘Access to market information’, ‘Access to Extension’
and ‘CBO membership status’ are used as exclusion restrictions. These variables may influence
household participation and dis-participation in IAA value chain. These variables are considered as viable
exclusion restrictions because the first two variables are kind of universal access now in Bangladesh. Like
for information access, now almost everybody, irrespective of income have mobile phone that they can
use to get access to information easily. Similarly, extension in Bangladesh is merely public, irrespective
of income farmers can access to it. CBO membership is expected to represent social capital at the
individual and village levels because these are voluntary membership organizations and among
indigenous people participation in this type of organization is very high and they have high degree of
social cohesion (Pant et al.,, 2014). Thus these three variables were included in the participation
equation to satisfy the exclusion restriction in the above two models, which are not included in the
welfare outcome equations. These variables were not expected to affect the welfare outcome equations
directly after controlling for IAA participation and dis-participation.

4. Results

4.1 IAA value chain participation dynamics and household welfare

4.1.1 Standard Fixed-Effects model

We applied the FE models* to reveal the relationship between IAA participation dynamics and
household welfare. The selected indicators for welfare outcomes are annual household income,
expenditure and household consumption frequency of selected food items. Household consumption
frequency was computed by counting the number of times that a household consumed a particular food
item over the course of a day, or week, or month depending on the food item. Household income
includes income from crops, livestock, fisheries, non-farm activities, and off-farm activities. Household
expenditures also computed by summing-up all the household annual expenses for food, clothing,
health, education, house repair or construction, festivals, land and furniture purchase or rent, inputs for
livestock, fisheries and crops, farm equipment, loan repayment etc.

Table 3. Fixed-Effects model results for the relationship between IAA value chain participation
dynamics and household income and expenditure in Bangladesh

Income Expenditure
Robust
Variables Coef. Robust Std. Err. | Coef. Std. Err.
Participation in IAA value chain 18.88*** 6.63 17.54%** 5.96

* Pooled OLS and Random effects model were also estimated but the results are not reported here to save the
space.




Dis-participation from IAA value chain 5.46 7.33 15.54%** 6.21
Year 2009 14.73*** 2.02 10.24*** 1.72
Year 2012 40.89*** 4.39 19.07*** 3.70
Age 0.37* 0.20 0.27* 0.16
Total family size 8.65%** 1.79 7.51%** 1.56
Farm Size 0.08*** 0.03 0.08*** 0.02
Access to extension 2.94 3.92 2.51 3.28
Irrigation 1.41 3.56 3.44 3.10
CBO Membership 0.03 0.02 0.03 0.02
Access to Credit 3.69 4.03 8.52%** 3.36
Access to Market information -0.98 3.20 -2.84 2.48
Constant -17.64 14.96 -9.21 10.59
Rho 0.34 0.40
R-sq overall 0.31 0.33
Number of observations 1885 1885
Number of groups 657 657

Notes: t The total household income (dependent) variable is in thousands, * significant at 10%, **
significant at 5%, *** significant at 1%

Table 3 and 4 presents the results of the FE models of the impacts of IAA participation on household
income, expenditure and consumption respectively. IAA value chain participation had a large positive
and significant effect on household income and expenditure. The FE estimates show that, controlling for
other factors, IAA participation was associated with an increase of approximately 19,000 BDT and
18,000 BDT in household income and expenditure respectively and the time FE results show that this
effect has increased over time. This is a sizable impact given the fact that sample households are
indigenous, which are one of the mostly marginalized and extremely poor socio-ethnic groups in
Bangladesh with typically small land holdings, and sustainable intensification using IAA is a potential
option for increasing food production in Bangladesh. Quite surprisingly, dis-participation from IAA value
chain also affect positively to household income and expenditure, but the magnitudes of income and
expenditure are comparatively lower than participation and these are as expected. These results
indicate that dis-participation from IAA leads to an income loss compared to staying in the IAA value
chain, suggesting that the dis-participation decision is not due to economic superiority (Table 3). We also
ran a Hausman test and the results reject the RE model results in favour of the FE model results.

Similarly, the FE model results for the relationship between IAA participation and household
consumption frequency show that IAA participation was significantly and positively associated with
increased fish, pulse and vegetable consumption frequency and that the consumption continued to
increase over the course of the year (Table 4). Surprisingly, dis-participation from IAA value chain also
have positive and significant on fish and pulse consumption and negative and significant effect on egg
and vegetables consumption. This result suggests that even after dis-participation consumption effect of
IAA participation continue to some extent.



Table 4. Fixed-Effects model results for the relationship between IAA value chain participation
dynamics and household consumption frequency in Bangladesh

Consumption frequency of

Variables Rice Fish Meat Egg pulse fruits vegetables

Participation in IAA 0.00 | 0.72%** 212.83 | -11.86*** | 0.95%** | o gg*** -0.08**

value chain (0.02) (0.08) | (843.32) (1.02) | (0.08) | (0.32) (0.04)

Dis-participation from -0.03 | 0.35%** 213.04 | -12.13*** | 0.77%** 0.33 -0.17%**

IAA value chain (0.02) (0.10) | (843.32) (1.02) (0.09) (0.39) (0.05)

0.00 | 0.64*** | g.49%** 0.07 0.05 | g.27*** -0.01

Year 2009 (0.00) (0.03) |  (0.05) (0.06) | (0.03)| (0.10) (0.01)

-0.04%** | Q.55*** | g g3%** 0.38*** | (0.25%** 0.14 -0.04

Year 2012 (0.01) (0.05) (0.07) (0.10) (0.05) (0.18) (0.03)

0.00 0.00 0.00 0.00 0.00** 0.01 0.00

Age (0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.00)

0.00 0.03** 0.01 0.00 0.02 0.01 0.00

Total family size (0.00) (0.02) (0.02) (0.03) (0.02) (0.05) (0.01)

0.00 0.00 0.00 0.00 0.00* 0.00 0.00

Farm Size (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Access to extension -0.01 -0.07 | -0.12* -0.14 0.04 -0.09 0.01

(0.01) (0.05) (0.07) (0.10) (0.05) (0.17) (0.03)

0.00 0.01 0.05 -0.17%* 0.10** -0.04 -0.01

Irrigation (0.01) (0.05) (0.07) (0.10) (0.05) (0.19) (0.02)

0.00 0.00 0.00 0.00 0.00* 0.00 0.00

CBO Membership (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

0.00 0.09* -0.03 0.12 0.05 -0.07 0.03

Access to Credit (0.01) (0.05) (0.06) (0.09) (0.05) (0.17) (0.03)

Access to Market -0.01 | -0.12%*** -0.08 -0.16** -0.05 0.08 0.02

information (0.01) (0.04) (0.06) (0.08) (0.04) (0.16) (0.02)
Number of

observations 1885 1885 1794 1666 1885 1019 1885

Number of groups 657 657 624 577 657 353 657

Note: Robust Standard Errors are in parentheses.* Significant at 10% level. ** Significant at 5% level.
*** Significant at 1% level.

4.1.3 Heckit panel and control function approaches

Further to check the robustness of the FE estimates and control for possible selection bias in IAA
participation and dis-participation, we used a Heckman bias corrected FE model where the inverse Mills
ratios from the first stage selection pooled probit are used to control for both individual-specific, time-
variant observable and time-invariant unobservable characteristic related selection problems. We also
used the control function approach to control for the possibility of endogenous selection of IAA
participation and dis-participation. The generalized residuals from the first stage participation and dis-
participation equations were included in the FE models to test and control for the endogeneity of IAA
value chain participation and dis-participation. Both the Heckit FE and control function FE model results
are reported in Table 5.




Table 5 Heckit panel and control function models results of the relationship between IAA participation
dynamics and household income and expenditure in Bangladesh

Heckman Control function
Income Expenditure Income Expenditure
Robst Robst Robst Robst
Variables Std. Std. Std. Std.
Coef. Err. Coef. Err. Coef. Err. Coef. Err.

Participation in IAA val
articipation | ValUe 1 H6.01%%* | 621 | 19.92%** | 560 | 41.56%** | 852 | 27.74%** | 6.45

chain
Dis-participation from [AA

'5-pa tIC.IpatIO ° 11.95%* 6.92 17.68%** 6.20 28.34 20.88 11.51 15.31
value chain
Year 2009 14.90*** 1.97 10.72*** 1.74 15.64*** 1.97 11.36%** 1.73
Year 2012 34.90*** 4.59 15.94*** 4.60 46.43*** 8.48 29,21 *** 6.74
Mills ratio (Participator) -19.74* | 10.71 | -10.52 7.78 - - - -
Mills ratio (Dis-

. . ( -16.48** 7.05 -8.87% 5.11 - - - -

participator)
Generalized

_ . - - - - | -5.12%** | 136 | -3.70%** | 1.08
residual(Participator)

Generalized residual (Dis-

. - - - - -11.48 | 11.78 1.30 8.55
participator)

Age 0.37* 0.21 0.26 0.16 0.35%* 0.19 0.24 0.15

Total Family Size 8.60*** | 1.81 | 7.55*** | 1.60 | 8.46*** | 1.82 | 7.06*** | 1.58
Farm Size 0.09*** | 0.03 | 0.09*** | 0.02 | 0.08*** | 0.03 | 0.10*** | 0.03

Irrigation 8.33** 3.76 | 7.93** | 3.38 2.07 3.26 2.98 2.76
Access to Credit 5.30 4.14 | 9.09*** | 3.32 3.67 3.92 | 8.35%** | 3.28
Constant 21.87 2236 | 12.47 | 15.82 | -39.19** | 16.30 | -20.81* | 11.51
Rho 0.36 0.41 0.35 0.38

R-sq overall 0.28 0.31 0.31 0.37

Number of observations 1885 1885 1873 1873
Number of groups 657 657 657 657

Notes: T The total household income (dependent) variable is in thousands of BDT, * significant at 10%,
** significant at 5%, *** significant at 1%

The coefficient estimates of the inverse Mills ratios and generalized residuals for IAA value chain
participation are statistically significant indicating that participation in IAA value chain is endogenous as
expected and, therefore, our specification was necessary which control for selection into participation in
IAA value chain. On the other hand, generalized residual for IAA value chain dis-participation are not
statistically significant which ameliorates our concern for potential endogenous selection bias with
regards to the dis-participation from IAA value chain.

The results reported in Table 5 indicate that IAA value chain participation is positively and significantly
associated with household income and expenditure, which is consistent with the earlier FE results.
Interestingly, the coefficients are higher in magnitude compared to the FE results presented in Tables 3.
Specifically, due to IAA value chain participation household income and expenditure increased by about
26, 000 to 42, 000 BDT and about 20, 000 to 28, 000 BDT respectively depending on the model. Again




surprisingly, dis-participation from IAA value chain do not affect negatively rather it affect positively
which suggest that benefit of IAA participation continue to accrue even after dis-participation.Thus the
positive income effect of IAA participation is robust under different specifications.

4.2 Who benefits more from IAA value chain participation?

We calculated disaggregated results of the household income equation to compare comparatively
wealthier households (that participated in IAA production related value chain activities, which consists
of actors who require access to land) with poorer households (extremely poor households that
participated in both up and down stream chain and some IAA production related activities, most of this
group do not have access to land).

Table 6 Comparison of the Fixed-Effects model results of annual household income” for the 1AA value
chain actors by relative wealth in Bangladesh

Variables IAA Value Chain Participation Stage/Status

Up and down stream value chain Production value chain

activity actorst+ activity actorst
Coef. Robust Std. Err. Coef. thZbEi:

IAA value chain participation 0.07 0.08 0.32%** 0.13
Year 2009 0.12%** 0.03 0.20** 0.04
Year 2012 0.37*** 0.05 0.44** 0.06
HH head age 0.00 0.00 0.00 0.00
Total HH size 0.10*** 0.02 0.09*** 0.02
Farm size 0.00*** 0.00 0.00*** 0.00
Access to irrigation 0.05 0.05 0.05 0.06
Access to credit 0.05 0.05 0.10 0.07
Access to market information 0.02 0.04 0.07 0.06
Access to extension services 0.05 0.05 0.09 0.07
Constant 10.14*** 0.15 10.14%** 0.21
Rho 0.33 0.38
Number of observations 1253.00 1048.00
Number of groups 441.00 364.00
R%: overall 0.3030 0.2424

Notes: * The annual household income (dependent) variable is a logarithmic term, t actors that participated
in production activities include: integrated rice-fish producers and integrated pond-fish producers
(comparatively wealthier households), T+ Upstream and downstream value chain actors include: fingerling
traders, fish traders, fishermen, cage cultivators, and community based fish and aquatic animal producers
(comparatively poorer/landless households), * significant at 10%, ** significant at 5%, *** significant at 1%.

Table 6 presents the results from a separate FE model of income for comparatively wealthier and poorer
households. The estimated participation in IAA value chain coefficients shows that participation in I1AA
value chains was positive for all households regardless of the participation activities, but coefficients for
production related IAA actors were significantly and comparatively greater than up and downstream |IAA
value chain actors. An increase in IAA value chain participation was associated with an increase in
household income of 32% for production related actors and only 7% for non-productive segment other
IAA value chain activities that do not require land. Greater income effects among households involved in



IAA production activities may reflect greater participation in I1AA activities as these activities required
land and higher capital investment than up and downstream activities. It seems that all IAA value chain
actors do not have the same potential to capture benefits.

5. Conclusion

This study investigated the relationships between the IAA value chain participation dynamics among
smallholders indigenous households and their economic wellbeing in order to contribute to the ongoing
debate of whether or not IAA is a sustainable intensification option that can contribute to poverty
reduction and food security in developing countries, especially in Asia. We used a large three-year panel
dataset collected during the 2007-2012 period to systematically address these effects. In addition to
using the panel data and exploiting the possibilities associated with this type of data, this study
contributes to the relevant literature by examining the impacts of IAA value chain participation and dis-
participation on three measures of household welfare: income, expenditure and consumption. This
appears to be the first study that explores the dynamic impacts of IAA by considering all value chain
actors.

We estimated the welfare impacts of IAA participation dynamics using different models (e.g. POLS, RE,
FE, Heckit, and control function models) under different assumptions to control for unobserved
heterogeneity and endogenous selection of IAA value chain participation dynamics. We started with a
naive POLS model that assumes that IAA value chain participation and dis-participation are exogenous.
Subsequently, we controlled for unobserved heterogeneity and endogenous selection to validate the
results. Additionally, we applied FE models to sample households disaggregate by value chain activity
among production related actors (who participated in production related IAA value chain activities and
that require access to land) and up and downstream value chain actors (extremely poor households,
most of which do not have access to land), to explore the distribution of IAA value chain participation
benefits across all IAA value chain actors.

The results are robust across specifications, thereby justifying our concerns about unobserved
heterogeneity with respect to participation in IAA value chains. We found consistent evidence of a
positive relationship between IAA value chain participation and household income, expenditure and the
consumption of fish and pulse. The results indicate that IAA value chain participation is associated with
greater household income and expenditure, and this effect increased over time. Moreover, we found
that IAA value chain participation was positively correlated with household income of both relatively
poor (extremely poor households that participated in a variety of IAA value chain activities that did not
require access to land) and wealthier households (that participated in IAA value chain production
activities that required access to land), but that the benefits from IAA value chain participation were
comparatively higher for the wealthier households. Considering participation dynamics, many of the
former IAA value chain participants decided to discontinue participation, and dis-participation from I1AA
value chain impacts results are less stable than for participation in IAA value chain results. Dis-
participation impact results indicated that dis-participation decision is not based on the economic
superiority of alternative options, but due to other barriers to IAA value chain participation. Overall, we
conclude that IAA value chain participation dynamics increase welfare of poor and marginalized
indigenous households in Bangladesh. The results show the importance of IAA value chain activities for
poor smallholders and how IAA value chain participation may contribute to food security and poverty
reduction among rural smallholders. Cost effective agricultural policies that help to create an enabling
environment for sustainable technology adoption and continuation can significantly contribute to
improved food security and poverty reduction in rural areas.



Further research using other alternative welfare indicators, such as an asset index that considers the
guantity of assets and their monetary value would be helpful to better understand changes in the capital
stocks of households. In addition, technology adoption scenarios like IAA value chain participation not
only have direct impacts, but also may have indirect impacts (e.g. spill over effects), which are beyond
the scope of this study. Thus future research that takes into account these broader economy wide
effects using appropriate economy wide modelling approaches (e.g. Subramanian and Qaim, 2009)
would provide a better understanding of IAA participation’s broader impacts.
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