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Abstract

This paper studies whether land consolidation — reduction of land fragmentation — promotes
or hinders the Vietnamese government’s policy objectives of encouraging agricultural
mechanization and stimulation of the off-farm rural economy. It does this by viewing land
consolidation as a form of technical change, making it possible to apply the insights developed
in the economic literature on technical change. This treatment reveals that the impacts of land
consolidation depend partly on its factor bias and partly on the degree to which labor is
substitutable in production for other factors. At a theoretical level, if a technical change is
factor neutral, it will reduce off-farm labor supply and slow rural structural transformation
away from agriculture; if it is labor-augmenting and the elasticity of substitution between
factors is low enough, the opposite effects are predicted. The paper studies these issues
empirically for rice production in Vietnam, focusing on the impact that consolidation of rice
land has on rice production, machinery use, and labor allocation. The findings confirm that
land consolidation raises both farm productivity and farm income and stimulates increased
machinery use. It also reduces farm labor supply, lowers labor intensity in farming, and
thereby releases more farm labor to off-farm development, consistent with government policy
objectives. Based on these findings, the paper concludes that land consolidation should be
encouraged through development of land ownership rights and the promotion of land rental
markets.

Key words: Land consolidation; factor-biased technical change; rural diversification;, machinery
use; rice output.
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1. Introduction

Vietnam is a leading rice exporter, but its rice farmers remain poor (World Bank, 2016). Since
rice consumption per person is falling in nearly all of Asia (Timmer, 2014), the prospects for
rice producers are not encouraging. There are strong economic incentives for rural people to
diversify their sources of income, but in many countries the perspective of policy makers is
that this market-driven process is occurring too slowly. Accordingly, increased attention has
been given to expanding the rural nonfarm economy as a source of income growth and poverty
reduction within rural areas (Haggblade et al., 2007; Hazell and Rahman, 2014; Marsh et al.,
2006). Structural transformation through expanding the nonfarm rural economy is now an
explicit policy objective of the Vietnamese government. Agriculture’s contribution to
Vietnam’s GDP declined from over 45% in 1988 to less than 20% in 2007, but the share of labor
in agriculture was 75% in 1990, and remained nearly 60% in 2007 (General Statistics Office of
Vietnam, 2012). Agricultural labor productivity (value of output per farm worker) is low,
especially in rice production, and needs to be raised, enabling labor to be reallocated from

farm to off-farm industries without reducing agricultural output.

It has been argued that in Asia, in response to rising rural wages, government policy should
encourage larger farm sizes with less fragmentation of holdings, along with mechanization (Otsuka
et al., 2013; Yamauchi, 2014).! Labor shortages within agriculture and rising real wages as a result
of migration to urban areas create an urgent need to substitute machines for increasingly costly
labor (Otsuka, 2013). Evidence from Africa suggests that land reform, through the reduction of
land fragmentation (land consolidation), can raise labor productivity by enabling farmers to have
fewer parcels that are larger and better shaped, and possibly to expand the size of their holdings,
thereby promoting the adoption of agricultural machinery and thus reducing labor use (Blarel et
al., 1992). Fragmentation of holdings wastes farmers’ time by requiring them to travel regularly

between sometimes distant plots. It also makes mechanization more difficult. The governments

! Land fragmentation has been defined as the existence of a number of spatially separate plots of land, which
are farmed as single units (McPherson, 1982). Land consolidation is defined by Oldenburg (1990) as an
exchange of the ownership of spatially scattered plots of farms to establish new landholdings with fewer plots.
In common with the literature on this subject, we shall use the terms ‘land consolidation’ and ‘reduction of
land fragmentation’ interchangeably.



of many developing countries emphasize the role of research, public investments and credit
programs in agriculture, as well as the promotion of mechanization to improve productivity and
reduce poverty. But these interventions may be hindered if households’ land holdings are too

scattered and small (McPherson, 1982; Kawasaki, 2010; Otsuka et al., 2013; Lai et al., 2015).

The literature is clear that land consolidation raises productivity. But does it promote or
impede structural transformation of the rural economy? The literature contains conflicting
theoretical arguments about the effect land consolidation has on the allocation of household
labor between on-farm and off-farm employment. We show that these arguments can be
resolved by viewing land consolidation as a form of technical change because this treatment
enables the insights of the literature on technical change to be applied. At a theoretical level,
the effects of a technical change depend partly on its factor bias. If the technical change is factor-
neutral, or factor-biased towards augmenting factors other than labor, it will increase on-farm
labor use, reduce off-farm labor supply and slow rural structural transformation away from
agricultural production. Conversely, if the technical change is factor-biased towards labor-
augmentation and, in addition, the elasticity of factor substitution is low enough, the opposite
effects are predicted. The paper studies these analytical possibilities by developing an empirical
analysis in the context of Vietnam, using three rounds of Vietnam’s nationally representative
household survey data (2004, 2006, and 2008). It evaluates whether land consolidation
increases or reduces the use of labor in Vietnam’s rice production, how it affects farm and off-

farm incomes and whether it promotes agricultural mechanization.

The paper is organized as follows. Section 2 reviews the literature on the economic
effects of land consolidation. Section 3 summarizes the institutional context of land reform in
Vietnam. Section 4 presents the theoretical framework. Section 5 describes the data to be
used in the empirical analysis and Section 6 summarizes the empirical methodology. Section 7

then presents the main findings, and the conclusions are outlined in Section 8.

2. Literature review

In its treatment of land fragmentation, the main focus of the international literature is its
linkage with farm sizes, farm productivity and farm output. Several studies of agricultural

growth, including Blarel et al. (1992), on Ghana and Rwanda, and Wan and Cheng (2001), on China,



show that small and fragmented farm size hampers application of new technology, leading to
higher costs in farming, reducing output and productivity. Wan and Cheng (2001) estimate
that the exogenous addition of one plot results in a reduction of annual crop output by 2 to
10 percentage points. Similarly, applying a stochastic production frontier method to data for
Bangladesh, Rahman and Rahman (2008) show a negative impact of land fragmentation on
agricultural productivity. The reduction of land fragmentation improves agricultural technical
efficiency, and contributes to a strengthening of the economic competitiveness of farm

households, particularly when costs of labor and other inputs are rising (Rahman, 2009).

Few studies have directly examined the relationship between land consolidation and
investment in farm machinery. Lai et al. (2015) find, using data for China, that on average when
farms were consolidated from 2.28 plots to one plot, machinery use increased by 10%.
Similarly, in the context of India, Foster and Rosenzweig (2011) show that larger land size and
larger plots encourage farmers to increase investment in machinery use, producing higher

farm incomes by substituting machinery for labor.

In the case of Vietnam, Hung et al. (2007) find that reducing fragmentation of land
holdings raises crop productivity. Land consolidation has been found to improve technical
efficiency in rice production (Kompas, 2004; Kompas et al., 2012). Similarly, Markussen et al.
(2013) found that consolidating land holdings facilitated some types of mechanization in
farming activities, raising agricultural productivity. They conclude that land consolidation has

the potential to increase agricultural output.

The evidence seems clear that land consolidation raises productivity. But the literature is
less clear as to whether it promotes or hinders structural transformation of the rural economy.
McPherson (1982) and Bentley (1987) argue that in general land fragmentation keeps labor on
farms, implying that land consolidation releases labor. Several studies focus on China, but the
conclusions are mixed. Tan et al. (2008) observe that fragmented landholdings cause higher
labor costs in Chinese agricultural production and conclude that land consolidation may release
more labor for other sectors. Wan and Cheng (2001) reach the same conclusion. These studies
thus argue that land consolidation can facilitate both agricultural productivity growth and
structural transformation, reducing agricultural surplus labor by facilitating its reallocation to more
productive uses. In contrast, Jia and Petrick (2014) draw very different conclusions, also in the

context of China. These authors claim that land consolidation increases the use of labor in on-



farm production, thereby reducing off-farm use, even though in their empirical results the

impact of land-consolidation policies on off-farm labor use is statistically insignificant.

In Vietnam, the effects that land institutional arrangements have on machinery use
and labor allocation have not been investigated. Nevertheless, these issues are critical to rural
policy in Vietnam. We wish to know whether land consolidation advances the policy objectives
of both raising agricultural productivity and promoting rural structural transformation, or
whether it achieves the first at the expense of the second. The empirical results presented in
this study imply that land consolidation facilitates mechanization and enables farmers to
allocate more farm labor to off-farm work. We therefore argue that previous studies of land
consolidation in Vietnam, in focusing on the effect on agricultural productivity, may overlook

part of the potential value of land consolidation in Vietnam’s land reform.

Virtually all previous international studies of land fragmentation rest on the
assumption that the degree of land fragmentation is exogenous, due to the imperfect nature
of land markets. That is, these studies exclude the possibility that land consolidation is, at least
partly, an endogenous response on the part of farming household to rising costs, especially
labor costs. In fact, land rental markets in rural Vietnam are active and most households have
some capacity to influence their land reallocation (World Bank, 2016). Thus, in estimating its
impacts the present study relaxes the assumption that land consolidation is exogenous. We

believe it is the first study to do so.

3. Institutional background for Vietham

Like many other late-developing East Asian countries, Vietnam is land-poor and labor-abundant.
‘Equity-oriented’ land reforms were adopted in the late 1980s and early 1990s (Benjamin and
Brandt, 2004; Dang et al., 2006; Marsh et al., 2006; Minot and Goletti, 1998). These land reforms
helped to mitigate rural poverty, but they also resulted in small-scale and fragmented farms,
contributing to agricultural inefficiency, and slowed structural transformation (Hung et al., 2007,
Kompas et al., 2012). The policy balance between equity and efficiency has been contentious

throughout Vietnam’s agricultural development.

In the late 1980s, the Vietnamese government decided to de-collectivize the agricultural

system and allocated land to farm households, following a similar decision in China a decade
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before. Land reallocation was to be based on egalitarian principles (Hung et al., 2007; Ravallion
and van de Walle, 2008). Scott (2009) points out that the egalitarian redistribution of land was
considered necessary to avoid disputes and to curb the flow of rural migrants to the cities,
considered at that time as a threat to stability. Each household was reallocated plots in different
areas, based on the different qualities of the field plots, as well as access to water sources and
another infrastructure. The land reallocation process reportedly achieved its egalitarian objectives
(Ravallion and van de Walle, 2004). In the whole country, there are estimated to be between 75
and 100 million parcels. In 2010, the average number of plots per household was 4.7 (World
Bank, 2016).2 But according to Markussen et al. (2013), the average distance from homes to

paddy fields is 4.8 km.

Concern about scattered land holdings emerged in the late 1990s (Ministry of
Agriculture and Rural Development, 2002; Research Institute of Agricultural Planning, 2004).3
In 1998 the government issued a directive intended to encourage plot exchange programs.
According to this policy, farm households voluntarily transferred their land-use rights or
exchanged their plots. Based on demand, local authorities required farmers to register for
land consolidation and issued new land-use right certificates. But progress has been slow,

reportedly due to conflicts of interest and high transaction costs (World Bank, 2016).

Land holdings can also be consolidated through plot transactions in land markets.
Nevertheless, the impact that land markets have on the process of land consolidation is unclear
(Marsh, Macaulay and Hung, 2006; Hung, MacAulay and Marsh, 2007). In Vietnam, the market
for the exchange of land use rights, particularly the land rental market, is active due to recent
revisions of the land laws (World Bank, 2016). Nevertheless, the government still controls
agricultural land prices, and high transaction costs have restricted transactions within land
markets (Le, 2009, 2010; World Bank, 2011).* World Bank (2006) concluded that

underdeveloped rural land markets pose obstacles for further productivity gains and labor

2 According to World Bank (2006) the average number of plots held by rural farm households was 6.5 in the north
of the country and 3.4 in the south.

3The reduction of land fragmentation is a key strategy in the Communist Party’s Resolution No. 26-NQ/TW (2008)
on agriculture, farmers and rural development in Vietnam. In this resolution, the government emphasized the
role of land consolidation and noted the slow progress due to rising corruption and cumbersome procedures.

* In Vietnam, private land ownership does not exist. Under the Land Law of 2013, local governments issue a
certificate of land use right for all plots which households use, showing the number of plots, area, and location
of each plot.



mobility toward higher wage nonfarm employment. Land reform that encourages the
development of land markets remains a promising but under-used strategy for reducing land

fragmentation.

4. Theoretical framework

This section presents a simple theoretical framework for investigating the impact that land
consolidation has on labor allocation. It is assumed that the farm household makes decisions
about labor allocation between on-farm and off-farm employment based on their respective
returns at an exogenously determined off-farm real wage, w. Land consolidation is
characterized as an agricultural technical change that involves the rearrangement of plots and
farming methods. Its impact on labor allocation is determined by its effect on the marginal
product of on-farm labor. The theoretical basis for this proposition can be shown simply, as in

Figure 1.

The total supply of household labor is denoted S and the initial demand for labor on-
farm, equivalent to the value of the marginal product of labor in on-farm production at an
exogenous price, is denoted D. The initial labor allocation equilibrium is that the supply of
household labor is LS and the demand for on-farm labor is LD. The supply of off-farm labor is
LS - LD. If land consolidation (or any other technical change) raises the marginal product of
on-farm labor, the demand for on-farm labor shifts to the right, say to D?. The on-farm demand
for labor expands to LD? and the supply of off-farm labor contracts to LS - LD?. Conversely, if
the marginal product of on-farm labor contracts, the demand for on-farm labor shifts to the
left, say to D3, on-farm labor use contracts to LD?, and off-farm labor supply increases to LS —

LDA.

But doesn’t a productivity-raising event like land consolidation necessarily raise the
marginal product of labor? The answer is no. Viewing land consolidation as a form of technical
change facilitates application of insights derived from the literature on technical change. A
fundamental point is that augmenting a factor of production, by increasing the number of
effective units of that factor, is not the same as raising its marginal product. The two must be
distinguished from one another and also from the average product of labor. Regrettably, these

three distinct notions of factor productivity are routinely confused.



Some formal notation is required. Let the actual input of on-farm labor time applied

f

1, such that the number of

by farmers be L/. Now consider a labor-augmentation parameter «
effective units of labor entering the agricultural production function is a{Lf. Land

fragmentation lowers a{ because it wastes farmers’ time travelling to and from plots and
between plots, along with other unproductive activities caused by difficulties in water

management and restricted mechanization (Blarel et al., 1992; Wan and Cheng, 2001; Hung,

MacAulay and Marsh, 2007; Tan et al., 2008). Conversely, land consolidation raises a[ because

it reduces this time wastage. Now consider the stylized agricultural production function

Y/ = g(al L, x0), (1)

where Y/ is farm output and X/ denotes other on-farm inputs. The average product of on-farm
labor is AP/ = Y// L and the marginal product of on-farm labor is MP/ = aY//aL/. The

term ‘labor productivity’ is sometimes used to mean a{, APLf or MPLf, but they are different

concepts with sometimes very different properties. In this study, we wish to find the sign of
de/da[, where L' is chosen endogenously by the farm household. The above analysis

shows that this sign is the same as the sign of aMPLf/aa{.

Hicks (1932) famously showed that if the technical change is factor-neutral
(augmenting the productivity of all factors in the same proportion), the marginal products of
all factors must rise, including the marginal product of labor; but if the technical change is
labor-augmenting (augmenting the productivity of labor alone), as with land consolidation,
the outcome depends on a key parameter of the production function — the elasticity of

substitution between factors.

The range of possible outcomes is illustrated at an intuitive level by reviewing two
examples. First, consider the extreme case of a Leontief technology in agricultural production,
where factors must be used in fixed proportions, implying that the elasticity of substitution is
between factors is zero. A technical change that augments the supply of labor but does not
augment the supplies of other factors leads to redundant labor. More output could be
produced, using the newly expanded supply of effective labor, only if additional supplies of

the other factors of production were also available, at constant factor prices. When they are



not, the additional supply of effective labor cannot be employed, because the newly expanded
supply of effective labor cannot be substituted for the fixed supplies of the other factors. The

marginal product of labor falls to zero.

On the other hand, suppose the elasticity of substitution is unity (the Cobb-Douglas
case). Any technical progress necessarily raises the marginal product of each factor, including
labor, regardless of its factor bias (Ferguson 1969). Between these two values of the elasticity
of substitution, zero and unity, lies a critical value at which labor-augmenting technical change
has no effect on the marginal product of labor. At elasticities of substitution above this critical
value the marginal product of labor rises, and below this critical value the marginal product

falls (Benjamin 1995).°

In Figure 1, household preferences between leisure and consumption determine the
position and slope of the farm household’s labor supply schedule. This, together with the
exogenous off-farm wage w, determines the total household labor supply. The allocation of
this supply between on-farm work and off-farm work at the wage w, then depends on the
position of the on-farm labor demand schedule, reflecting the marginal product of on-farm
labor, and only that. Events like land consolidation, that change on-farm labor productivity,
shift the on-farm demand for labor and this shift drives any changes in the allocation of this
predetermined total labor supply between on-farm and off-farm work. The shift in the demand
for labor depends on whether the marginal product of labor rises or falls, which in turn
depends on the factor bias of the productivity shock and the features of the production

function elucidated by Hicks.

Our analysis contradicts the theoretical argument of Jia and Petrick (2014), who claim,
based on similar assumptions to those above, including an exogenous off-farm real wage, that
the labor allocation effect of land consolidation is “undetermined”, depending on household
preferences between leisure and consumption (p. 371). It is clear from Figure 1 that household
preferences between leisure and consumption play no role in determining the effect that such
changes in productivity have on labor allocation between these two forms of employment.
Suppose, for example, that leisure was a superior good and consumption an inferior good,

implying that the supply of household labor is backward-bending, as shown in Figure 2.

5> In Technical Appendix 1 this critical value is derived for the case of the CES production function.
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Provided the off-farm wage is exogenous and the household is initially supplying positive

amounts of labor to off-farm employment, the results are unchanged.

Tan et al. (2008) reason that farmers with more fragmented land use more labor to
compensate for the fragmentation’s negative effects on productivity. In criticizing this
argument, Jia and Petrick (2014) state that because land fragmentation ‘makes labor less
productive’, a rational response to it is to use less labor on-farm and more off-farm (pp. 378-
9).° Both arguments miss the key point arising from Hicks’ analysis: any given labor-
augmenting technical change, including land consolidation, may either raise or lower the
marginal product of labor, and thereby raise or lower on-farm use of labor, depending on a
key property of the particular production function in which it occurs - the elasticity of
substitution between factors. The effect does not depend on household preferences between
leisure and consumption, but on technology. It is not possible to say whether, in general, land
consolidation increases or reduces on-farm use of labor because the outcome rests not only

on the factor bias of land consolidation itself, but also on the elasticity of substitution.

These two conflicting theoretical arguments can be interpreted as resting on different
implicit assumptions about the elasticity of substitution. Tan et al. implicitly assume a value
below Hicks’ critical value, as for example in the Leontief case. If a fixed quantity of effective
labor is required in production, then by augmenting the supply of effective labor, land
consolidation generates effective labor that cannot be substituted for other inputs, meaning
that less actual on-farm labor input is required. Costs can be lowered by reducing it. Jia and
Petrick implicitly assume a high elasticity of substitution — above Hicks’ critical value, as for
example in the Cobb-Douglas case. When land consolidation increases the supply of effective
labor, a unit of effective labor becomes cheaper. Costs can now be reduced by substituting

effective labor for other inputs, sufficiently that actual on-farm labor use increases.

Empirically, either outcome is possible. Although it may seem counter-intuitive,
technical change that augments on-farm labor but which reduces labor’s marginal product,

and hence reduces the on-farm demand for it, seems a serious possibility. Hicks’ great

6 Jia and Petrick overlook the fact that if this supposed refutation of Tan et al. was valid, land consolidation would
necessarily increase on-farm use of labor and reduce off-farm use, contradicting their own earlier claim that the
effect is “undetermined”, depending on household preferences.
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contribution was to clarify the conditions that determine whether this will happen. Treating a
reform such as land consolidation as a form of technical change enables these theoretical
insights to be exploited. What actually happens in specific circumstances can only be

determined empirically.

5. Data

This study uses the Vietnam Household Living Standards Surveys (VHLSS) for 2004, 2006 and
2008. These surveys, conducted by the General Statistical Office of Vietham with technical
assistance from the Word Bank, are nationally representative and consist of questionnaires at
both household and communal levels. To concentrate on labor allocation of rural households
in the full sample, we select farm households with at least one member who describes his/her
main occupation as farming. In addition, households with no rice crop outputs and/or land
were excluded from the analysis. World Bank (2006) and Marsh et al. (2006) show that land
fragmentation mainly occurs in rice production in Vietnam. Accordingly, our data focuses on
rice farms and includes production of rice and other annual crops. We construct a panel dataset
in two rounds, 2004-06, and 2006-08 by removing households with missing data and apparent
enumerator errors or households for which observations were available for only a single time
period. The VHLSSs of 2004 and 2006 form a panel dataset containing 4,028 farm households in
both years. Similarly, the VHLSSs of 2006 and 2008 form a panel dataset consisting of 3,756 farm

households (see Appendix A2 for detailed summary statistics).

Aresult of Vietnam’s egalitarian land distribution, combined with high rural population
density, is that farms are small and each farm is commonly fragmented into several separate
plots (Markussen et al. 2013). Table 1 provides statistics of land fragmentation, rental machines,
and labor allocation of farm households using the VHLSS 2004, 2006, and 2008. There has been
a reduction in the degree of land fragmentation over time, as measured by the number of plots

and the Simpson index.” The reduction of the Simpson index means that more plots are

’The Simpson index (S/) is defined as (Blarel et al. 1992) as: SI = 1 — Y-, a?/ (3%, a;)?, where a is the area of
each plot, and n is the number of plots. S/ lies between zero and one, where a higher value shows more land
fragmentation.
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consolidated. Meanwhile, average farm sizes also increased. Thus, land consolidation and
accumulation occurred together. The mean number of plots operated dropped from 6.0 in

2004 to 5.0 in 2008.

Table 1 also provides information on the proportion of households renting machines
for annual crop production. Using datasets on Vietnam similar to the present paper Liu et al.
(2016) find that increasing machine rentals indicates a scale-biased substitution of machinery
for labor. Tractor ownership is not reported in Table 1 because it remained almost zero from
2004 to 2008. But as the table shows, 65% of farm households rented machines in 2008,
compared with 61% in 2004. Similarly, farm hours worked declined by 4.6% over the same
period. Hours devoted to off-farm jobs increased. Thus, land consolidation was associated
with increasing machinery rentals, decline in farm hours and increase in off-farm wage hours
as described by the datasets. Of course, these associations do not necessarily indicate

causality.

Farm income is measured as the annual difference between the total value of annual
crops produced (including home consumption) and their variable costs, including fertilizer,
seed, insecticide, livestock, storage, hired labor and transportation.® This measure is known as
restricted income (Yotopoulos and Lau, 1971; Jollife (2004) because it does not allow for the
opportunity cost of land or household labor used in production and does not include income
from family members working off-farm. Subsequent references to ‘farm income’ mean
restricted farm income. The measure of rice output is the physical quantity harvested during
the previous 12 months. To compare incomes between years, their monetary values were
deflated to January 2000 prices using deflators obtained from General Statistics Office of
Vietnam (2010). Rice is the most common crop growing in all provinces in Vietnam, representing
65.4% of farm households. The average rice output per rice-producing household increased
from 3,436 kg in 2004 to 3,988 kg in 2008. Rice output of the households in the sample
represented more than 75% of the total annual crops in terms of quantity, and over 78% in terms

of value. As a proportion of total household agricultural revenue derived from annual crops

8 We apply the concept of restricted income, also called restricted profit in the literature, which is conditional on
the cost of certain inputs. Thus, we do not impute a value of family labor (see Lau and Yotopoulos (1971) and
Jolliffe (2004) for more details on the concept of restricted profit). In this paper, the term income means
restricted income.
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(including rice), aquaculture, livestock, and agricultural services , revenue from rice declined
from an average of 42.3% in 2004 to 39.3% in 2008, compared with an average of 70% of total
household agricultural revenue in the period 1993-1998 (Dang et al., 2006). Farmers are

switching from rice to other annual crops that bring higher returns (Nguyen, 2017).

6. Empirical strategy

6.1. Econometric models of farm outcomes

To estimate the effect that land consolidation has on annual crop production, machinery
use and labor allocation, we need a measure of land consolidation and also to account for its
possible correlation with unmeasured attributes of farm households. The basic set of four

equations for farm outcomes that we seek to estimate is:
Yl{ = Ao + 44Sit + V' Xie + €t (2)

where: i denotes the household; t indexes the survey year (years 1 and 2); Yl’: denotes a column
vector of four farm outcomes (rice output; farm labor supply; farm income; and machinery use
in farming activities); S;; is a measure of land consolidation of operating plots for household i
at time t, for which we use two empirical indices - the log of number of plots and the Simpson
index;® X;; is a column vector of regional dummy variables,? variables related to communal
characteristics (dummies including transport, electricity, post office employment, eductional
programs and the number of business units, and disasters in the commune), variables involved
in household characteristics (the land size, number of household members from 15 to 60 years
old, dependency ratio, mean education of working age men and women, asset value, age of the
household head, dummies indicating family members in state, private economic sector and the
household’s own business); Y’ is a row vector of coefficient estimates corresponding to the
variablesin X;;; and ¢;; is a column vector of the error terms corresponding to each of the four

equations.

9 Log of plots is an alternative measure of land fragmentation, as used in Wan and Cheng (2001); Hung et al.
(2007); Jia and Petrick (2014).

10 Regional dummies are: Red River Delta, North East, North West, South Central Coast, Central Highlands, South
East, Mekong River Delta.
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The dependent variables are estimated by using the same set of independent variables,
which control incentives and constraints affecting the participation in farm and off-farm
activities (Reardon et al. 1992). The OLS estimation of equation (2) is not likely to provide
consistent estimates of the impacts of land consolidation due to omitted variables and reverse
causality problems. For instance, farm households who are unobservably profitable can
finance plot purchase and rental through active land markets, resulting in a spurious effect on

farm outcomes. Taking the first difference of equation (2), the change in farm outcomes across

survey years is given by AYL{ = Yl{ - Yi{_lz

AY) = L AS; + y'AXy + Asyy. (3)

Given the possible correlation of X;; with changes in land consolidation, a vector of initial
values X;;_, from the survey for the first of the two years is introduced as a control to reduce

the potential for biased estimates arising from this source, to give:
AY) = L AS; + V'AXy + 8'Xje_y + . ()

Even after controlling for the correlation between land fragmentation and unobservable
time-invariant variables, a further problem may arise in estimating equation (4). Land rental
markets may be sufficiently fluid that at least some households are able to influence their level
of land fragmentation, meaning that this variable becomes at least partly endogenous. All prior
studies assume independence between land fragmentation and unobserved time-varying
variables due to the imperfect nature of land markets in developing countries like China and
Vietnam. For example, in the case of China, Jia and Petrick (2013) assume land fragmentation
to be exogenous and justify this treatment with the claim that it is very unlikely for farm

households to reduce land fragmentation systematically through the land rental market.

In rural Vietnam, despite the absence of private land ownership, land rental and sales
markets for land use-right certificates are active (Deininger and Songqing, 2003; World Bank,
2016). To obtain consistent estimates of A, it is therefore appropriate to relax the assumption
of exogenous land consolidation by employing an instrumental variables strategy. We
experimented with a range of instrumental variables like the number of land use right certificates

transferred in the commune, communal population density, and the area of annual crop land titled
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by certificates of land-use right in the commune.!’ However, in each case, the estimated

coefficient of the experimented instrument variable was not significant.

A good instrumental variable should be linked to land governance or the perception of
households of the benefits of land consolidation. However, these variables are not surveyed in the
VHLSS. To address this issue, we adapt the method applied by Foster and Rosenzweig (2011) in
studying the relationship between farm size, agricultural productivity and mechanization in rural
India. This approach uses inherited land as an instrument for operating land. While land
fragmentation of farming plots may be reduced by unobserved heterogeneity such as shocks from
land markets and given level of agricultural ability (Deininger and Songging, 2003), we argue that
initially inherited land plots can serve as an instrument because it is exogenously driven through
demographical changes, and the land reallocation to farmers during the de-collectivization
process of the late 1980s (Scott, 2009; Marsh et al., 2006). We use this instrument to predict the
change in operating plots of a farm between each two different survey years. Thus, we address
the concern of endogenous land consolidation by instrumenting the operating plots with the
lagged plots inherited prior to the survey at the village level (S;,;_;), where v denotes the
village. In addition, a vector of initial values, X;_; from the first survey is also introduced. The
first-stage of equation (3) is, writing [ for a column vector of estimated coefficients

corresponding to the components of X;;:
ASyy = a1 Spp_q + B'Xie + €t (5)

The expected positive sign for a; is yielded by Equation (5). In addition, Equation (4) is
estimated by with 2SLS using two different datasets, first for the survey periods of 2004 and
2006, and second for the periods 2006 and 2008. Instruments are used from the previous

survey period!?,
5.2. Econometric models of off-farm outcomes

In the case of off-farm outcomes, sample selection bias may occur due to the incidental
truncation of the off-farm labor participation (Cunguara, Langintuo and Darnhofer, 2011). To

reduce the censoring problem, we aggregate two types of off-farm labor supply, including off-

1The communal surveys cover agriculture and land types, but do not provide information related to land
consolidation programs.
12 Technical Appendix 2 provides the results of the first-stage regression.
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farm wage and off-farm self-employed jobs. From equation (1), we can have a similar approach

for off-farm outcomes, cht'f :
Yict)f = 1o + MSit + 0'Xir + Wy, (6)

where Yl(t’f is a column vector of two off-farm outcomes: off-farm labor supply; and off-farm

income. Other variables are defined similarly to Equation (2).

To solve the problem of sample selection in Equation (6), the estimating procedure
requires exclusion restrictions related to the models of off-farm outcomes. However, the
exclusion restriction is not easy to accept on a priori grounds. Van de Walle and Cratty (2004)
argue that given the imperfect land markets in rural Vietnam such an exclusion restriction
seems far-fetched. Therefore, the present study applies a method that does not require
imposing exclusion restrictions. The two-step double hurdle model (DHM) developed initially
by Cragg (1971) is chosen in this case to estimate censored dependent variables. The approach
has been widely adopted in studying the drivers of farmers’ participation in the off-farm

economy.!3

The DHM is more flexible than the Tobit model because it takes into account of the
possibility that the factors affecting the participation in farm activities and factors affecting
the level of farm labor supply and profits may be different (Matshe and Young, 2004). In hurdle
1, farm households decide whether or not to participate into farm activities, and if household

members agree to take part, then hurdle 2 takes into consideration the number of hours to

work off-farm and income earned by households, Yl‘t’f The maximum likelihood estimator in
the first hurdle can be obtained by using a Probit regression. The maximum likelihood
estimator for hurdle 2 can then be estimated using a truncated normal regression model. Time
periods are pooled together and the data set is treated as a cross section. The pooling of all

panel observations is a shortcoming of this approach, but it is the only option for the DHM.

In addition, to allow dependence between the unobserved random effects and time-
variant explanatory variables by using the DHM, an approach proposed by Mundlak (1978) is

applied. This method allows unobserved heterogeneity to be correlated with independent

13 See Hitayezu et al. (2014) and Matshe and Young (2004) for the details of the double hurdle model in off-
farm studies.
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variables. The means of time-varying independent variables in equation (6) are denoted X; and
i indexes the household. Using the approach of Mundlak (1978), let unobserved
heterogeneity w;; = X;y + W,;,» Wwhere y is a vector of coefficients capturing possible correlation
between w;; and household characteristics and u;: is an error term that is not correlated with
X;. We substitute w;; = X;y + u,, into hurdle 1 (off-farm participation equation) and hurdle 2

(off-farm labor supply or off-farm income) to yield the Mundlak specifications.

We also use the estimating procedure introduced by Wooldridge (1995) to validate the
findings. To solve the problem of sample selection Wooldridge developed a level equation to
obtain consistent estimations using a pooled method by parameterizing the conditional
expectations. The model first obtains the inverse Mills ratio from a reduced form selection
probit equation. Next, time periods are pooled together and the data set is treated as a cross
section. The model includes the inverse Mills ratio, computed from the participation equation,

as an additional variable to control sample selection bias.

7. Empirical results
7.1 The effect of land fragmentation on farm outcomes

To estimate equation (3), we regress farm income, farm labor, number of individuals in farming
activities, rice output, and machinery use on household characteristics, land use of different
annual crops, measures of land fragmentation, location factors and regional characteristics.
Equation (3) is estimated using both first differences (FD) and first differences with the

instrumental variable method (FD-IV). The main explanatory variable of interest is the measure

of land fragmentation. We use two such measures: the Simpson index and the log of plots.

[Huy: please check the equation numbers above. Should it read equation (3) or
(4)?]

Tables 2 and 3 provide the estimated results for the panel datasets, 2004-2006, and
2006-2008, respectively. In each case, Panel A uses the log of plots, and Panel B uses the Simpson
index. All five dependent variables are estimated on the same set of explanatory variables using

the panel data method to control for the fixed unobserved heterogeneity and shocks. Because
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of the survey design, error terms are correlated within the sampling units. Thus, we apply the

cluster option in STATA 12 to compute robust standard errors.

In Tables 2 and 3, Panel A (using log of plots) shows that, using the first difference
method, a 10% reduction of plots (land consolidation) resulted in a reduction in farm labor
supply by 3.4%, and 0.81% over a two-year period in 2006 and 2008, respectively. In Panel B,
the alternative measure of land consolidation, the Simpson index, provides a similar picture.
Farmers with more fragmented land holdings switch to more labor-intensive farming. Based on
the first difference method, in Panel A, if land fragmentation is reduced by 10%, farm income
per hectare and farm output per hectare increase by 1% and 0.4% in the period 2004-2006 and
1.57% and 1.15% for the panel period of 2006-2008, respectively. The impacts are larger in the
later dataset. A similar pattern can be seen by using the Simpson index in Panel B. As a result,
the reduction of land fragmentation results in a decline in farm labor intensity in rice production.
This finding is consistent with previous studies in China such as Wan and Cheng (2001) and Tan
et al. (2006 and 2008). For example, Tan et al. (2006) find that in China, incomes from off-farm

employment are associated with lower land fragmentation.

Using the FD-IV estimation for farm outcomes, the effects of land consolidation on farm
labor supply are larger: 4.6%, and 3.2% in the period of 2004-2006 and 2006-2008, respectively.
Similarly, the estimates of FD-IV for farm income in both Panel A and B are also larger. In
particular, a 10% reduction in the number of plots results in a decline in 2.05% and 4.26% in
2006 and 2008, respectively. In addition, the evidence of land consolidation on improving rice
output is also consistent with the finding in the literature. By using the first difference model, in
Panel A, a 10% increase in land consolidation increased rice output per hectare by 0.4% and
1.15% in 2006 and 2008, respectively. The impact on rice output for FD-IV model is larger, at

2.69%, in the later dataset.

Regarding the impact of land consolidation on machinery use, Tables 2 and 3 present
the estimates with different specifications. In the FD model, Panel A shows that a 10% increase
in land consolidation (reduction in the number of plots) increases machinery use by 1.22% and
1.79% for over the two period of 2006 and 2008, respectively. Similarly, in Panel B (Simpson
index), a one unit increase in land consolidation results in an expansion of mechinization by
13.2% in the period of 2004-2006 and 30.7% in 2006-2008. Meanwhile, the results after

instrumenting operating plots by inherited plots have similar effects for both datasets.
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Compared with the FD, the results are larger. These findings are consistent with arguments by
Bentley (1987) and McPherson (1982) that land fragmentation induces extra farm labor use and
difficulty in accommodating machinery use due to higher transaction costs. Therefore, the decline
in land fragmentation improves farm productivity and reduces labor intensity in agriculture. The
advantage of land consolidation is to save labor time. These empirical results support the
characterization of the expansion of land consolidation as a non-Hicks-neutral technical change,

consistent with the hypothesis of non-neutral effects argued by Wan and Cheng (2001).
7.2 The effect of land consolidation on off-farm outcomes

Do exogenous shocks to agricultural productivity lead to economic diversity into off-farm
activities? Table 4 indicates the effect of land fragmentation on off-farm outcomes using the
double hurdle model. All estimated coefficients have negative signs, meaning that the
reduction of land fragmentation results in an increase in off-farm labor supply and off-farm
income. Using the FD estimation in panel A, a 10% increase in the number of plots increases
off-farm income by 1.47% and 1.07% in 2006 and 2008, respectively. Similarly, panel B
indicates that a one unit increase in the Simpson index (more land fragmentation) reduced

the off-farm labor supply by 10.7% in 2006.

For robustness, the likelihood ratio test is carried out to determine whether the double
hurdle model fits the model of factors affecting off-farm labor supply and income better than
the Tobit estimation. As in Matshe and Young (2004), all the Tobit models can be rejected in
favor of the double hurdle model at the 5% significance level. We provide the estimates with
the specification of the Mundlak (1978) approach and test the Mundlak fixed effects for off-
farm supply and income. The double hurdle model is estimated by correlated random effects,
which control for Mundlak fixed effects. The test results for off-farm labor supply reported in

Table 4 do not show evidence of endogeneity bias after controlling for fixed effects.

To control for sample selection bias, we estimate equations using the method of
Woolridge (1995) with pooled data. The tests for sample selection bias and fixed effects use
an F-test. The results reveal that off-farm labor supply does not suffer from sample selection
bias at the 5% significance level. Thus, the approach of controlling sample selection bias is only
demanding for the estimation of off-farm income. More land consolidation may release more

labor to off-farm sectors. All the coefficients of the Simpson index and log of plots are
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significant and have the same sign. The increase in agricultural productivity resulting from land
consolidation leads to an increase in farm households’ income. This, combined with non-
homothetic preferences, will generate a demand for non-agricultural goods and services.

Consequently, this process will pull farm labor to off-farm sectors.

8. Conclusions

This paper challenges the common assumption that agricultural productivity growth arises
from factor-neutral technical change. The literature on technical change predicts that if
productivity growth was factor-neutral an increase in agricultural productivity would slow the
pace of rural structural transformation. Conversely, if the technical change is labor-
augmenting and the elasticity of substitution is low enough — below a critical value, which lies
between zero and one — it can reduce farm labor supply and release more farm labor for off-
farm uses. This paper shows that by treating land consolidation as a form of technical change,

the above insights can be used fruitfully to understand its impacts.

An empirical analysis is developed for the effect of land consolidation on farm and off-
farm outcomes in rural Vietnam. The findings are that, in the context of Vietnamese rice
production, land consolidation reduces on-farm labor use, reduces on-farm labor intensity,
increases on-farm machinery use, raises farm income, releases more farm labor to off-farm
sectors, and increases off-farm income. Viewing land consolidation as a form of factor-biased
technical change helps in understanding these findings. If the productivity-raising effect of

land consolidation was factor-neutral, our findings would be impossible.

Previous studies of land consolidation have assumed that the rate at which
consolidation occurs is exogenous to farmers’ decisions. Nevertheless, there is reason to
believe that Vietnam farmers have some capacity to influence the rate of land consolidation
in response to changing economic circumstances, violating the exogeneity assumption. The
present paper relaxes this assumption using instrumental variable methods and is apparently
the first attempt in the literature to do so. The analysis could be improved using information
on the history of household splits and the inheritance of plots that most often occur at the
death of the household head. The survey data used in the study do not include this

information. The results of the estimated models, using instrumental variables, must
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therefore be interpreted with caution. Despite this qualification, the findings are fully

consistent, with and without the instrumental variable.

According to our findings, productivity improvement in the farm sector, at least that
derived from land consolidation, will promote the development of the off-farm economy and
the economic diversification of rural households. Our data consist of a sample of continuously
existing farms, operated either full-time or part-time, which contains no farm exits. Better
functioning land markets may facilitate sufficient consolidation of farm land that marginal
farmers exit farming, reinforcing the stimulation of the off-farm rural economy that we have

described.

The evidence provided in this paper suggests that in Vietnam land consolidation
promotes announced government policy objectives. The upgrading of institutions related to
land consolidation and the development of land markets, such as land ownership rights and
the promotion of land rental markets, will be key factors in the next phase of reforms if

Vietnam is to accelerate the land consolidation process.
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Table 1: Land fragmentation, machinery renting and labor allocation, 2004-2008

Indicators 2004 2006 2008
Average rice output, tons/ha 4.86 4.89 5.23
Average farm size (ha) 0.45 0.48 0.55
Average size of plots (m?) 1112.1 1530.7 1721.8
Average number of plots 6.0 5.2 4.98
Simpson index

0-0.2 10.18 13.70 5.75
0.2-04 13.70 13.31 6.57
0.4-0.6 25.67 27.46 13.76
0.6-0.8 34.46 33.57 18.32
0.8-1.0 15.99 11.97 5.59
Machinery renting

Households renting machines (%) 60.8 62.0 65.4
Real value of rental machines 459.63 603.25 1052.9
Household labor, hours per year

Farm hours 3,121 3,042 2,978
Off-farm wage hours 1,360 1,408 1,462
Self-employed, off-farm hours 765 747 660

Notes: Real value of rental machines is expressed in 1000 VND, constant 2000 prices.

Source: Authors’ calculations, using data from VHLSS 2004, 2006 and 2008.
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Table 2: The effect of land consolidation on farm outcomes using the VHLSS 2004-2006

Dependent variables (2004-2006)

Farm income

Farm labor Rice output  No of individuals in Machinery

supply per ha. per ha. farming activities use in farming

Alternative measures of land consolidation

i) Panel A using log of plots

First difference (FD)

Log of plots 0.335%** -0.100*** -0.040*** 0.041 -0.122%**
(0.13) (0.03) (0.007) (0.042) (0.036)

First difference-1V (FD-1V)

Log of plots 0.460** -0.205*** -0.034*** 0.089 -0.125**
(0.193) (0.04) (0.011) (0.062) (0.052)

ii) Panel B using the Simpson index

First difference

Simpson index 0.543* -0.072 -0.075*** 0.194** -0.132**
(0.314) (0.077) (0.018) (0.096) (0.066)

First difference-1V (FD-1V)

Simpson index 0.868 -0.393*** -0.078** 0.392** -0.242*
(0.542) (0.121) (0.031) (0.170) (0.129)

No of observations 2014 2014 2014 2014 2014

Notes: IV: instrument includes plots inherited from VHLSS 2004; Standard errors (SE) are robust through the
cluster option and appear in parentheses. All dependent variables are expressed as logs, except number of
individuals in farming activities; *, **, %%k indicate significance at the 10%, 5%, and 1% levels, respectively.

See Technical Appendices 2, 3, 4, 5, 10, and 11 for full regression results.

Source: Authors’ calculations, using data from VHLSS 2004 and 2006.
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Table 3: The effect of land consolidation on farm outcomes using the VHLSS 2006-2008

Dependent variables (2006-2008)

Farm labor Farm income  Rice output  No of individuals in Machinery
supply per ha. per ha. farming activities use in farming

Alternative measures of land consolidation

i) Panel A using log of plots

First difference (FD)

Log of plots 0.081* -0.157%** -0.115*** -0.01 -0.179***
(0.048) (0.039) (0.034) (0.063) (0.058)

First difference IV (FD-1V)

Log of plots 0.318*** -0.426%** -0.269*** 0.075 -0.323***
(0.112) (0.079) (0.062) (0.112) (0.113)

ii) Panel B using the Simpson index

First difference (FD)

Simpson index 0.086 -0.187 -0.178** -0.064 -0.307***
(0.109) (0.129) (0.073) (0.125) (0.119)

First difference IV (FD-1V)

Simpson index 0.514* -0.444* -0.611*** 0.059 -0.474**
(0.278) (0.257) (0.143) (0.245) (0.230)

No of observations 1878 1878 1878 1878 1878

Notes: IV: instrument includes plots inherited from VHLSS 2004; Standard errors (SE) are robust through the
cluster option and appear in parentheses. All dependent variables are expressed as logs, except number of
individuals in farming activities; *, **, %%k indicate significance at the 10%, 5%, and 1% levels, respectively.

See Technical Appendices 6, 7, 8, 9, 10, and 11 for full regression results.

Source: Authors’ calculations, using data from VHLSS 2006 and 2008.

28



Table 4: The effect of land consolidation on off-farm outcomes using the double hurdle model

2004-2006

2006-2008

Dependent variables

Off-farm labor

Off-farm income

Off-farm labor

Off-farm income

supply supply
Alternative measures of land consolidation
Panel A
i) Double Hurdle Model
Log of plots -0.024 -0.147*** -0.037 -0.107**
Mundlak fixed effect test 12.51 64.64 9.31 16.95
p-value [0.186] [0.000] [0.317] [0.031]
ii) Wooldridge (1995)
Log of plots -0.023 -0.143*** -0.041 -0.141**
Mundlak fixed effect test, 1.28 2.79 22.64 12.36
p-value [0.2434] [0.003] [0.004] [0.136]
Sample selection bias test,F(2,1956), p-value 0.57 4.67 2.69 17.31
[0.564] [0.0094] [0.260] [0.000]
Panel B
i) Double Hurdle Model
Simpson index -0.107* -0.261*** -0.07 -0.111
Mundlak fixed effect test, 12.58 65.87 9.46 16.68
p-value [0.1697] [0.000] [0.305] [0.034]
ii) Wooldridge (1995)
Simpson index -0.122* -0.297*** -0.143* -0.156
Mundlak fixed effect test, F(9,1956), p-value 1.31 2.96 25.12 17.61
[0.2282] [0.0017] [0.002] [0.024]
Sample selection bias test, F(2,1956), p-value 0.60 4.44 2.58 23.19
[0.548] [0.012] [0.276] [0.000]
Number of observations 2,008 2,008 2,036 2,036
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Notes: Standard errors (SE) are robust through the cluster option.

DHM standard errors are bootstrapped with 500 replications.

All dependent variables are expressed in logs.

*, %%, sk indicates that the corresponding coefficients are significant at the 10%, 5%, and 1% levels, respectively4.
See Technical Appendices 12 and 13 for full regression results.

Source: Authors’ calculations, using data from VHLSS 2004, 2006 and 2008.

14 See Technical Appendix 12 and 13 for full regression results.

30



Figure 1: Technical change and the supply of off-farm labor
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Figure 2: Technical change and the supply of off-farm labor: leisure as a superior good
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Technical Appendix

Technical Appendix 1: Effect of labor-augmenting technical change on the marginal product
of labor - the CES production function
Consider the standard two-factor CES production function:

g

V= [y(@l)’ + -y | =l (A1)

with w = [y(azL)UT_l +(1- y)(a3A)aT_1] > 0, where Y denotes agricultural output and the input
factors are labor (L) and land (A). There are five parameters: the share parameter, 0<y<1, the elasticity
of substitution between factors, o0 = 0, and the factor efficiency parameters a;, a; and as (each strictly
positive). As o approaches one, (¢ — 1) /o approaches zero, and equation (A1) approaches the Cobb-
Douglas form. Technical progress is captured by increases in the three efficiency parameters,
corresponding to Hicks-neutral, labor-augmenting and land-augmenting technical progress,

respectively.

The marginal product of labor (MPL) is obtained by differentiating (A1) with respect to L:

o—1

7 >0, (A2)

MPL = Y /oL = a;[w]o-1 ‘yLo—1 'a,

The impact of labor-augmenting technical change on the marginal product of labor is now
obtained by differentiating (A2) with respect to a5:

-1

e 1 1 g-1
OMPL/0a, = aywo-1yLo a, T[l +—w y(ayL) ] (A3)

> > o-1
=0aso=y(a;L) ¢ / w. (A4)
< <
o1
In summary, at values of the elasticity of substitution above the critical value ¢* = y(a,L) ¢ / w,
where 0 < "< 1, labor-augmenting technical progress raises the marginal product of labor; at values

below ¢*, the marginal product of labor declines.
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Technical Appendix 2: Regression results: Effects on farm outcomes of land consolidation measured by number of plots,
using the VHLSS 2004-2006

Farm labor Farm profits per Rice output No of individuals in

Variable supply ha. per ha. farming activities
Log of plots 0.335%* -0.100*** -0.040*** 0.041
Log of annual crop land 0.035 0.125%** -0.020*** -0.015
Age -0.047%*** -0.003** 0.000 -0.007***
Household members, from 15 to 60 years 0.263*** -0.010 0.004 0.016
Dependency ratio (%) 4.363*** -0.048 -0.014 0.388***
Mean education of working age men 0.172%** 0.006 0.001 0.029***
Mean education of working age women 0.061** 0.014* 0.001 0.012
Access to formal credit 0.021 0.041 0.006 -0.016
Log of assets -0.020 -0.011** 0.001 0.001
Access to asphalt road 0.392** -0.037 0.001 -0.026
Access to electricity 0.146 -0.016 -0.006 -0.062
Access to post office -0.362* 0.047 -0.007 0.042
Access to extension -0.202 0.052 0.001 -0.011
Having business units in commune -0.157 -0.009 0.002 -0.098**
Having craft villages in commune -0.451** -0.053 -0.004 -0.042
Disasters in commune 0.089 -0.023* 0.004 0.016
Having employment programs in commune -0.106 -0.039 -0.005 0.084
Having infrastructure programs in commune -0.065 -0.05 -0.001 0.005
Having educational and vocational programs -0.574*** 0.017 -0.021* -0.068
Having member working in state sector -0.857*** -0.08 -0.001 -0.044
Having member working in private sector -0.447 -0.077 -0.027 -0.002
Having member working in family business -1.098*** -0.090** 0.002 -0.525***
North East -0.281 0.000 -0.009 -0.068
North West 0.604 -0.488%*** 0.032* 0.227
North Central Coast 0.067 0.078* 0.006 -0.08
South Central Coast 0.348 0.01 -0.011 -0.171**
Central Highlands 0.367 -0.082 -0.007 0.278
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South East

Mekong River Delta

Log of fertilizer cost

Log of seeds cost

Log of pesticide cost

Log of value of hired labor
Log of value of machinery use
Constant

RZ

N

0.487

0.455*

0.284***

0.088

0.046

-0.069**

0.035

4.210%**

0.184

2014

-0.071

0.025

0.087***

0.083***

0.006

-0.007

-0.004

0.141

0.147

2014

-0.023

0.002

-0.030%***

-0.062%**

-0.012%**

-0.003*

-0.005%**

0.162***

0.176

2014

0.141

0.121

0.073*

0.049

-0.041*

-0.021**

0.005

0.766***

0.091

2014

Notes: All dependent variables are expressed as logs, except number of individuals in farming activities; *, %%, *#¥* indicate

significance at the 10%, 5%, and 1% levels, respectively.
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Technical Appendix 3: Regression results: Effects on farm outcomes of land consolidation measured by the Simpson index,

using the VHLSS 2004-2006

Farm labor Farm profits per Rice output No of individuals in
Variable supply ha. per ha. farming activities
Simpson Index 0.543* -0.072 -0.075*** 0.194%**
Log of annual crop land 0.036 0.127%** -0.020*** -0.012
Age -0.047*** -0.002** 0 -0.007***
Household members, from 15 to 60 years old, 0.268*** -0.012 0.003 0.016
Dependency ratio (%) 4.376%** -0.055 -0.015 0.386%**
Mean education of working age men 0.167%** 0.007 0.002 0.028***
Mean education of working age women 0.060* 0.014* 0.002 0.012
Access to formal credit 0.015 0.044 0.007 -0.016
Log of assets -0.019 -0.011** 0.001 0
Access to asphalt road 0.409** -0.041 -0.001 -0.022
Access to electricity 0.156 -0.023 -0.006 -0.067
Access to post office -0.374* 0.052 -0.006 0.044
Access to extension -0.214 0.055 0.003 -0.013
Having business units in commune 0.138 -0.004 0.004 -0.100*
Having craft villages in commune -0.468* -0.048 -0.002 -0.043
Disasters in commune 0.092 -0.022 0.003 0.018
Having employment programs in commune -0.082 -0.046 -0.007 0.097
Having infrastructure programs in commune -0.049 -0.056* -0.003 0.002
Having educational and vocational programs -0.562*** 0.017 -0.021* -0.073
Having member working in state sector -0.839*** -0.082 -0.003 -0.043
Having member working in private sector -0.373 -0.059 -0.026 -0.044
Having member working in family business -1.113%** -0.097** 0.001 -0.512***
North East -0.161 -0.014 -0.018 -0.088
North West 0.677* -0.490%** 0.03 0.196
North Central Coast 0.128 0.083** 0.005 -0.108
South Central Coast 0.334 0.01 -0.009 -0.178**
Central Highlands 0.357 -0.059 0.001 0.232
South East 0.554 -0.065 -0.025 0.113
Mekong River Delta 0.487* 0.033 0.002 0.105
Log of fertilizer cost 0.291%** 0.082*** -0.032*** 0.079*
Log of seeds cost 0.077 0.078%** -0.062*** 0.056
Log of pesticide cost 0.061 0.002 -0.013*** -0.043*
Log of value of hired labor -0.074*** -0.008 -0.003* -0.018**
Log of value of machinery use 0.036 -0.004 -0.005*** 0.004
Constant 4.172%** 0.161 0.1771%** 0.727***
R? 0.182 0.142 0.171 0.093
N 2014 2014 2014 2014

Notes: All dependent variables are expressed as logs, except number of individuals in farming activities; *, %%, *#¥* indicate

significance at the 10%, 5%, and 1% levels, respectively.
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Technical Appendix 4: Regression results: Effects on farm outcomes of land consolidation measured by number of plots,
using the SLS and VHLSS 2004-2006

Farm labor Farm profits per Rice output No of individuals in
Variables supply ha. per ha. farming activities
Log of plots 0.460** -0.205*** -0.034*** 0.089
Log of annual crop land 0.04 0.121%** -0.020*** -0.014
Age -0.047*** -0.003** 0 -0.007***
Household members, from 15 to 60 years 0.261*** -0.008 0.004 0.015
Dependency ratio (%) 4.351*** -0.037 -0.014 0.384***
Mean education of working age men 0.173%** 0.005 0.001 0.029***
Mean education of working age women 0.062* 0.013* 0.001 0.012
Access to formal credit 0.025 0.038 0.006 -0.015
Log of assets -0.021 -0.010** 0.001 0
Access to asphalt road 0.389** -0.035 0.001 -0.028
Access to electricity 0.134 -0.006 -0.006 -0.067
Access to post office -0.352* 0.039 -0.007 0.046
Access to extension -0.198 0.048 0.001 -0.01
Having business units in commune 0.163 -0.015 0.002 -0.095*
Having craft villages in commune -0.445* -0.059 -0.004 -0.039
Disasters in commune 0.092 -0.025* 0.004 0.017
Having employment programs in commune -0.115 -0.031 -0.005 0.09
Having infrastructure programs in commune -0.075 -0.041 -0.001 -0.002
Having educational and vocational programs -0.566*** 0.019 -0.021* -0.073
Having member working in state sector -0.853*** -0.078 -0.002 -0.047
Having member working in private sector -0.349 -0.074 -0.027 -0.041
Having member working in family business -1.127*** -0.090** 0.002 -0.515***
North East -0.255 0.03 -0.011 -0.105
North West 0.645 -0.468%** 0.031 0.194
North Central Coast 0.119 0.088** 0.006 -0.109
South Central Coast 0.343 0.012 -0.012 -0.172**
Central Highlands 0.44 -0.086 -0.007 0.254
South East 0.542 -0.06 -0.024 0.111
Mekong River Delta 0.497* 0.025 0.002 0.105
Log of fertilizer cost 0.272%** 0.091*** -0.030*** 0.075*
Log of seeds cost 0.066 0.085%** -0.062*** 0.055
Log of pesticide cost 0.044 0.012 -0.012*** -0.045**
Log of value of hired labor -0.076*** -0.007 -0.003* -0.018**
Log of value of machinery use 0.037 -0.004 -0.005*** 0.004
Constant 4.257*** 0.138 0.162%** 0.751***
R? 0.183 0.14 0.175 0.091
N 2014 2014 2014 2014

Notes: IV: instrument includes plots inherited from VHLSS 2004; All dependent variables are expressed as logs, except number
of individuals in farming activities; *, **, %% indicate significance at the 10%, 5%, and 1% levels, respectively.
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Technical Appendix 5: Regression results: Effects on farm outcomes of land consolidation measured by the Simpson Index,
using the SLS and VHLSS 2004-2006

Farm labor Farm profits per Rice output No of individuals in
Variables supply ha. per ha. farming activities
Simpson index 0.460** -0.205*** -0.034*** 0.089
Log of annual crop land 0.04 0.121%** -0.020*** -0.014
Age -0.047%*** -0.003** 0.000 -0.007***
Household members, from 15 to 60 years 0.261*** -0.008 0.004 0.015
Dependency ratio (%) 4.351*** -0.037 -0.014 0.384***
Mean education of working age men 0.173%** 0.005 0.001 0.029***
Mean education of working age women 0.062* 0.013* 0.001 0.012
Access to formal credit 0.025 0.038 0.006 -0.015
Log of assets -0.021 -0.010** 0.001 0.000
Access to asphalt road 0.389** -0.035 0.001 -0.028
Access to electricity 0.134 -0.006 -0.006 -0.067
Access to post office -0.352* 0.039 -0.007 0.046
Access to extension -0.198 0.048 0.001 -0.01
Having business units in commune 0.163 -0.015 0.002 -0.095*
Having craft villages in commune -0.445%* -0.059 -0.004 -0.039
Disasters in commune 0.092 -0.025* 0.004 0.017
Having employment programs in commune -0.115 -0.031 -0.005 0.09
Having infrastructure programs in commune -0.075 -0.041 -0.001 -0.002
Having educational and vocational programs -0.566*** 0.019 -0.021* -0.073
Having member working in state sector -0.853*** -0.078 -0.002 -0.047
Having member working in private sector -0.349 -0.074 -0.027 -0.041
Having member working in family business -1.127*** -0.090** 0.002 -0.515***
North East -0.255 0.03 -0.011 -0.105
North West 0.645 -0.468%** 0.031 0.194
North Central Coast 0.119 0.088** 0.006 -0.109
South Central Coast 0.343 0.012 -0.012 -0.172**
Central Highlands 0.44 -0.086 -0.007 0.254
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South East

Mekong River Delta

Log of fertilizer cost

Log of seeds cost

Log of pesticide cost

Log of value of hired labor
Log of value of machinery use
Constant

RZ

N

0.542

0.497*

0.272***

0.066

0.044

-0.076***

0.037

4.257%**

0.183

2014

-0.06

0.025

0.091***

0.085***

0.012

-0.007

-0.004

0.138

0.14

2014

-0.024

0.002

-0.030%***

-0.062%**

-0.012%**

-0.003*

-0.005%**

0.162***

0.175

2014

0.111

0.105

0.075*

0.055

-0.045**

-0.018**

0.004

0.751%**

0.091

2014

Notes: IV: instrument includes plots inherited from VHLSS 2004; All dependent variables are expressed as logs, except number

of individuals in farming activities; *, **, %% indicate significance at the 10%, 5%, and 1% levels, respectively.
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Technical Appendix 6: Regression results: Effects on farm outcomes of land consolidation measured by number of plots,

using the VHLSS 2006-2008

Farm labor Farm profits per Rice output No of individuals in
Variable supply ha. per ha. farming activities
Log of plots 0.081* -0.157*** -0.115%** -0.01
Log of annual crop land -0.029 0.239%** 0.158%** -0.277***
Age -0.005*** 0.001 0 -0.012***
Household members, from 15 to 60 years 0.002 -0.033 -0.022%* -0.249%**
Dependency ratio (%) 0.214* -0.15 -0.033 0.082
Mean education of working age men 0.011 -0.019 -0.004 0.086***
Mean education of working age women -0.002 -0.01 -0.003 0.066***
Access to formal credit -0.014 0.009 0.054** 0.074
Log of assets -0.005 -0.027*** -0.005 -0.028***
Access to asphalt road 0.007 0.088* 0.076** -0.022
Access to electricity 0.055 0.071 0.088 0.24
Access to post office -0.127** -0.053 -0.012 0.026
Access to extension -0.027 0.06 0.059 -0.230**
Having business units in commune -0.008 0.032 0.013 0.169***
Having craft villages in commune -0.004 0.136%** 0.015 0.245%**
Disasters in commune -0.009 -0.012 -0.020** 0.004
Having employment programs in commune -0.067 0.026 0.003 0.038
Having infrastructure programs in commune -0.083* -0.022 0.037 -0.001
Having educational and vocational programs 0.026 0.099* 0.027 -0.12
Having member working in state sector 0.001 0.022 -0.004 0.342%**
Having member working in private sector 0.08 0.110* -0.026 0.200%**
Having member working in family business 0.157 -0.178*** -0.090* -0.748***
North East 0.025 -0.245%** -0.109%*** -0.408***
North West 0.095 -0.283%** -0.521%** -0.636***
North Central Coast -0.003 0.164*** 0.137%** -0.188**
South Central Coast 0.032 0.076 0.084* 0.031
Central Highlands 0.093 -0.397*** -0.250** 0.175
South East 0.11 -0.301** -0.018 0.179
Mekong River Delta 0.129* -0.300*** -0.181*** 0.255%*
Log of fertilizer cost 0.030* 0.045%* 0.039** -0.036
Log of seeds cost 0.01 0.019 0.026 -0.031
Log of pesticide cost 0.012 0.037*** 0.042%** -0.041**
Log of value of hired labor -0.013** -0.003 -0.008* -0.008
Log of value of machinery use 0.002 0.015* 0.015** 0
Constant 0.195 -1.228%** -0.203 2.112%**
R? 0.027 0.09 0.126 0.363
N 1878 1878 1878 1878

Notes: All dependent variables are expressed as logs, except number of individuals in farming activities; *, %%, *#¥* indicate

significance at the 10%, 5%, and 1% levels, respectively.

40



Technical Appendix 7: Regression results: Effects on farm outcomes effect of land consolidation measured by the Simpson

index, using the VHLSS 2006-2008

Farm labor Farm profits per Rice output No of individuals in
Variable supply ha. per ha. farming activities
Simpson index 0.086 -0.187 -0.178** -0.064
Log of annual crop land -0.031 0.243%** 0.160%** -0.277***
Age -0.005*** 0.001 0 -0.012***
Household members, from 15 to 60 years 0.004 -0.037 -0.025** -0.249%**
Dependency ratio (%) 0.222* -0.165* -0.044 0.082
Mean education of working age men 0.01 -0.018 -0.003 0.086***
Mean education of working age women -0.002 -0.01 -0.002 0.067***
Access to formal credit -0.014 0.009 0.054** 0.073
Log of assets -0.005 -0.027*** -0.005 -0.027***
Access to asphalt road 0.008 0.086 0.074** -0.023
Access to electricity 0.053 0.074 0.088 0.238
Access to post office -0.130** -0.046 -0.007 0.026
Access to extension -0.03 0.065 0.062 -0.230**
Having business units in commune -0.006 0.027 0.009 0.168***
Having craft villages in commune -0.007 0.142%** 0.019 0.245%**
Disasters in commune -0.01 -0.011 -0.019** 0.004
Having employment programs in commune -0.067 0.026 0.003 0.038
Having infrastructure programs in commune -0.082* -0.023 0.036 0
Having educational and vocational programs 0.025 0.099* 0.025 -0.122
Having member working in state sector 0.003 0.019 -0.006 0.342%**
Having member working in private sector 0.075 0.120%** -0.018 0.201%**
Having member working in family business 0.157 -0.180*** -0.092* -0.750***
North East 0.025 -0.246%** -0.110%** -0.407***
North West 0.104 -0.300%*** -0.534%*x* -0.638***
North Central Coast -0.001 0.159*** 0.126*** -0.190**
South Central Coast 0.028 0.085 0.091* 0.032
Central Highlands 0.096 -0.404*** -0.255** 0.175
South East 0.107 -0.296** -0.017 0.176
Mekong River Delta 0.131* -0.303*** -0.183*** 0.256***
Log of fertilizer cost 0.034** 0.038%** 0.034** -0.036
Log of seeds cost 0.01 0.019 0.028 -0.03
Log of pesticide cost 0.014 0.034%** 0.040%** -0.041**
Log of value of hired labor -0.013** -0.003 -0.008* -0.008
Log of value of machinery use 0.002 0.014* 0.014** 0
Constant 0.211 -1.256%** -0.216 2.120%**
R? 0.026 0.086 0.123 0.363
N 1878 1878 1878 1878

Notes: All dependent variables are expressed as logs, except number of individuals in farming activities; *, %%, *#¥* indicate

significance at the 10%, 5%, and 1% levels, respectively.
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Technical Appendix 8: Regression results:
using the SLS and VHLSS 2006-2008

Effects on farm outcomes of land consolidation measured by number of plots,

Farm labor . Rice output No of individuals in
Variables supply Farm profits per ha per ha farming activities
Log of plots 0.318%** -0.426*** -0.269*** 0.075
Log of annual crop land -0.018 0.226*** 0.151%** -0.273***
Age -0.005*** 0.001 0 -0.012***
Household members, from 15 to 60 years -0.003 -0.028 -0.019 -0.250%**
Dependency ratio (%) 0.189 -0.121 -0.017 0.073
Mean education of working age men 0.012 -0.021 -0.005 0.087***
Mean education of working age women -0.002 -0.01 -0.003 0.066***
Access to formal credit -0.014 0.009 0.054** 0.074
Log of assets -0.005 -0.027*** -0.005 -0.028***
Access to asphalt road 0.004 0.091* 0.077** -0.023
Access to electricity 0.072 0.052 0.077 0.246
Access to post office -0.118** -0.063 -0.018 0.029
Access to extension -0.017 0.049 0.053 -0.226**
Having business units in commune -0.012 0.036 0.015 0.167***
Having craft villages in commune 0.007 0.124%** 0.008 0.249%**
Disasters in commune -0.007 -0.015 -0.021** 0.005
Having employment programs in commune -0.062 0.021 0 0.04
Having infrastructure programs in commune -0.091** -0.013 0.042 -0.004
Having educational and vocational programs 0.041 0.082 0.017 -0.115
Having member working in state sector -0.004 0.027 -0.001 0.340***
Having member working in private sector 0.093 0.094 -0.035 0.204***
Having member working in family business 0.162 -0.184*** -0.093* -0.746***
North East 0.022 -0.242%** -0.107*** -0.409***
North West 0.076 -0.261%** -0.509%*** -0.643***
North Central Coast -0.004 0.165*** 0.137%** -0.188**
South Central Coast 0.045 0.061 0.076 0.036
Central Highlands 0.077 -0.380*** -0.240** 0.169
South East 0.13 -0.323** -0.031 0.186
Mekong River Delta 0.117 -0.287*** -0.174%** 0.251%**
Log of fertilizer cost 0.018 0.059%** 0.047%** -0.04
Log of seeds cost 0.001 0.028 0.032 -0.034
Log of pesticide cost 0.007 0.043%** 0.046%** -0.043**
Log of value of hired labor -0.011** -0.004 -0.009** -0.008
Log of value of machinery use 0 0.016** 0.016** -0.001
Constant 0.103 -1.125%** -0.144 2.080***
R? 0.015 0.074 0.113 0.362
N 1878 1878 1878 1878

Notes: IV: instrument includes plots inherited from VHLSS 2006; All dependent variables are expressed as logs, except number
of individuals in farming activities; *, **, %% indicate significance at the 10%, 5%, and 1% levels, respectively.
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Technical Appendix 9: Regression results: Effects on farm outcomes of land consolidation measured by the Simpson Index,

using the SLS and VHLSS 2006-2008

Farm labor . Rice output No of individuals in
Variables supply Farm profits per ha per ha farming activities
Simpson index 0.514* -0.444* -0.611*** 0.059
Log of annual crop land -0.024 0.239%** 0.153%** -0.275***
Age -0.005*** 0.001 0.001 -0.012***
Household members, from 15 to 60 years 0.005 -0.038 -0.027** -0.249%**
Dependency ratio (%) 0.217* -0.162* -0.039 0.08
Mean education of working age men 0.01 -0.018 -0.003 0.086***
Mean education of working age women -0.003 -0.009 -0.002 0.066***
Access to formal credit -0.012 0.008 0.051* 0.074
Log of assets -0.006 -0.027*** -0.004 -0.028***
Access to asphalt road 0.01 0.084 0.071** -0.022
Access to electricity 0.071 0.064 0.071 0.243
Access to post office -0.132%*** -0.045 -0.006 0.026
Access to extension -0.026 0.063 0.058 -0.229**
Having business units in commune -0.001 0.024 0.003 0.169***
Having craft villages in commune -0.004 0.140%** 0.016 0.246***
Disasters in commune -0.009 -0.011 -0.020** 0.004
Having employment programs in commune -0.06 0.022 -0.004 0.04
Having infrastructure programs in commune -0.091** -0.018 0.045* -0.003
Having educational and vocational programs 0.045 0.087 0.005 -0.117
Having member working in state sector 0.002 0.019 -0.005 0.342%**
Having member working in private sector 0.071 0.122%** -0.014 0.200%**
Having member working in family business 0.17 -0.188*** -0.105** -0.746***
North East 0.023 -0.245%** -0.108*** -0.408***
North West 0.113 -0.305%** -0.544%*x* -0.635***
North Central Coast 0.01 0.152*** 0.115%** -0.186**
South Central Coast 0.027 0.085 0.091* 0.032
Central Highlands 0.088 -0.399*** -0.247** 0.173
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South East

Mekong River Delta

Log of fertilizer cost

Log of seeds cost

Log of pesticide cost

Log of value of hired labor
Log of value of machinery use
Constant

RZ

N

0.128

0.12

0.029

-0.004

0.012

-0.012**

0.002

0.136

0.016

1878

-0.309**

-0.297%**

0.041**

0.028

0.035***

-0.003

0.014*

-1.212%**

0.083

1878

-0.038

-0.171%**

0.039**

0.042**

0.043***

-0.009**

0.015**

-0.141

0.1

1878

0.182

0.253***

-0.037

-0.034

-0.042**

-0.008

2.098***

0.362

1878

Notes: IV: instrument includes plots inherited from VHLSS 2006; All dependent variables are expressed as logs, except number

of individuals in farming activities; *, **, %% indicate significance at the 10%, 5%, and 1% levels, respectively.
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Technical Appendix 10: Regression results: Effects on on-farm machinery use of land consolidation measured by number
of plots, using VHLSS 2004-2006 and VHLSS 2006-2008

Machinery use in farming

Variables 2004-2006 2006-2008

FD FD-IV FD FD-IV
Log of plots -0.122%** -0.125** -0.179*** -0.323***
Number of land-use right certificates 0.002 0.002 0.021* 0.020*
Households who rent in land ( = 0 if not) 0.373*** 0.372%** 0.663*** 0.647***
Households who rent out land ( = 0 if not) 0.239** 0.238** -0.115 -0.146
Hour wages 0.006* 0.006* 0.000 0.000
Log of annual crop land -0.011 -0.012 -0.005 -0.01
Age 0.001 0.001 0.002 0.002
Household members, from 15 to 60 years 0.041** 0.042** 0.01 0.013
Dependency ratio (%) 0.115 0.115 -0.127 -0.111
Mean education of working age men -0.015 -0.015* 0.020* 0.020*
Mean education of working age women -0.012 -0.012 -0.018 -0.018
Access to formal credit -0.026 -0.027 -0.117** -0.117**
Log of assets 0.005 0.005 -0.007 -0.007
Access to asphalt road 0.058 0.058 -0.064 -0.063
Access to electricity -0.019 -0.019 0.038 0.028
Access to post office -0.027 -0.027 0.05 0.044
Access to extension -0.089 -0.089 0.014 0.008
Having business units in commune -0.024 -0.024 0.01 0.013
Having craft villages in commune 0.047 0.047 -0.016 -0.023
Disasters in commune 0.000 0.000 0.002 0.001
Having employment programs in commune 0.08 0.08 0.052 0.05
Having infrastructure programs in commune -0.004 -0.004 -0.031 -0.027
Having educational and vocational programs 0.019 0.019 -0.057 -0.066
Having member working in state sector -0.106 -0.106 0.031 0.035
Having member working in private sector 0.009 0.009 -0.11 -0.117
Having member working in family business -0.071 -0.071 -0.034 -0.036
North East 0.042 0.043 0.025 0.022
North West -0.002 -0.001 0.07 0.075
North Central Coast 0.081 0.081 -0.04 -0.043
South Central Coast -0.079 -0.079 -0.187* -0.197*
Central Highlands 0.018 0.017 -0.129 -0.125
South East 0.012 0.012 -0.011 -0.03
Mekong River Delta 0.023 0.022 -0.024 -0.023
Log of fertilizer cost -0.005 -0.004 0.004 0.012
Log of seeds cost -0.002 -0.002 0.070* 0.075*
Log of pesticide cost 0.003 0.003 -0.025 -0.021
Log of value of hired labor -0.002 -0.002 0.004 0.003
Constant -0.074 -0.074 -0.008 0.04
R? 0.298 0.285 0.233 0.217
N 2014 2014 1878 1878

Notes: The dependent variable is expressed as logs; *, **, *#¥* indicate significance at the 10%, 5%, and 1% levels, respectively.
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Technical Appendix 11: Regression results: Effects on on-farm machinery use of land consolidation measured by the Simpson
index, using VHLSS 2004-2006 and VHLSS 2006-2008

Machinery use in farming

2004-2006 2006-2008
Variables FD FD-IV FD FD-IV
Simpson index -0.132** -0.242* -0.307*** -0.474**
Number of land-use right certificates transferred in 0.003 0.002 0.023** 0.023**
Households who rent in land ( = 0 if not) 0.380%** 0.378*** 0.675%** 0.671%**
Households who rent out land ( = 0 if not) 0.255%** 0.245%** -0.103 -0.116
Hour wages 0.007* 0.006* 0 0
Log of annual crop land -0.01 -0.013 -0.003 -0.005
Age 0.001 0.001 0.002 0.002
Household members, from 15 to 60 years 0.040** 0.040** 0.006 0.005
Dependency ratio (%) 0.108 0.112 -0.143 -0.141
Mean education of working age men -0.014 -0.013 0.021* 0.021*
Mean education of working age women -0.011 -0.011 -0.017 -0.017
Access to formal credit -0.024 -0.025 -0.118** -0.119**
Log of assets 0.004 0.005 -0.007 -0.007
Access to asphalt road 0.053 0.051 -0.067 -0.068
Access to electricity -0.024 -0.02 0.039 0.032
Access to post office -0.02 -0.023 0.057 0.058
Access to extension -0.082 -0.083 0.019 0.017
Having business units in commune -0.017 -0.017 0.003 0.001
Having craft villages in commune 0.053 0.053 -0.01 -0.012
Disasters in commune 0 -0.001 0.003 0.003
Having employment programs in commune 0.072 0.072 0.051 0.048
Having infrastructure programs in commune -0.01 -0.009 -0.03 -0.027
Having educational and vocational programs 0.018 0.018 -0.06 -0.068
Having member working in state sector -0.109 -0.111 0.029 0.03
Having member working in private sector 0.014 0.012 -0.097 -0.095
Having member working in family business -0.075 -0.075 -0.04 -0.044
North East 0.019 0.019 0.028 0.027
North West -0.007 -0.004 0.053 0.047
North Central Coast 0.08 0.08 -0.046 -0.052
South Central Coast -0.077 -0.072 -0.175 -0.176*
Central Highlands 0.038 0.046 -0.131 -0.129
South East 0.008 0.008 -0.008 -0.018
Mekong River Delta 0.025 0.023 -0.02 -0.017
Log of fertilizer cost -0.01 -0.01 -0.002 0
Log of seeds cost -0.005 -0.003 0.073* 0.079**
Log of pesticide cost -0.002 -0.001 -0.027 -0.027
Log of value of hired labor -0.003 -0.003 0.004 0.003
Constant 0.904*** 0.904*** 0.939%** 0.939%**
R? 0.298 0.285 0.233 0.217
N 2014 2014 1878 1878
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Notes: The dependent variable is expressed as logs; *, **, *#¥* indicate significance at the 10%, 5%, and 1% levels, respectively.



Technical Appendix 12: Effects on off-farm outcomes of land consolidation measured by number of plots, using the double

hurdle model (hurdle 1)

Hurdle 1 (using probit)

Probability of participating in off-farm activities

Variables 2004-2006 2006 - 2008
Log of plots -0.057 0.127**
Log of annual crop land -0.065*** -0.238***
Age 0.006*** 0
Household members, from 15 to 60 years 0.264*** 0.237***
Dependency ratio (%) 0.139 0.333
Mean education of working age men 0.044 0.054**
Mean education of working age women 0.035 0.048
Access to formal credit -0.037 0.019
Log of assets 0.014 0.019*
Access to asphalt road 0.187*** -0.027
Access to electricity -0.367*** -0.054
Access to post office -0.067 0.052
Access to extension -0.191* -0.038
Having business units in commune 0.182%** 0.314%**
Having craft villages in commune 0.392%** 0.255%**
Disasters in commune -0.036* -0.043**
Having employment programs in commune 0.094 -0.05
Having infrastructure programs in commune 0.029 -0.069
Having educational and vocational programs 0.069 0.032
Having member working in state sector 1.623*** 1.368***
Having member working in private sector 1.877*%** 1.753***
Having member working in family business 0.166** -0.471***
North East -0.691%*** -0.628%***
North West -0.563*** -0.576***
North Central Coast -0.169 -0.257**
South Central Coast -0.628*** 0.016
Central Highlands -0.618*** -0.000**
South East 0.020* -0.069
Mekong River Delta -0.000*** 0.31
Constant -1.064%*** 0.885**
Mundlak fixed effects Yes Yes

N 4028 3756

Notes: Standard errors (SE) are robust through the cluster option.

DHM standard errors are bootstrapped with 500 replications.

All dependent variables are expressed in logs.

*, %%, kkk indicates that the corresponding coefficients are significant at the 10%, 5%, and 1% levels, respectively.



Technical Appendix 13: Effects on off-farm outcomes of land consolidation measured by number of plots, using the double

hurdle model (hurdle 2)

Hurdle 2
2004 - 2006 2006 - 2008

Off-farm labor Off-farm Off-farm labor Off-farm
Variables supply income supply income
Log of plots -0.024 -0.147*** 0.037 -0.107**
Log of annual crop land -0.004 -0.061*** -0.125*** -0.273***
Age -0.003 0.003 -0.002 0.005
Household members, from 15 to 60 years 0.190*** 0.221%*** 0.198*** 0.307***
Dependency ratio (%) 0.346* 1.006*** 0.196 0.568**
Mean education of working age men -0.013 0.007 0.012 0.017
Mean education of working age women 0.001 0.038 0.018 0.017
Access to formal credit -0.031 0.013 0 -0.065*
Log of assets -0.006 -0.007 -0.006 0.002
Access to asphalt road 0.046 0.061 0.001 0.061
Access to electricity -0.046 -0.05 -0.162 -0.360**
Access to post office -0.029 -0.105** 0.088* -0.017
Access to extension -0.02 -0.066 -0.004 -0.007
Having business units in commune 0.079** 0.200*** 0.149%** 0.281***
Having craft villages in commune 0.054 0.108** 0.091%** -0.023
Disasters in commune -0.007 -0.029 -0.006 -0.031**
Having employment programs in commune -0.02 0.029 0.05 0.041
Having infrastructure programs in commune -0.011 -0.108*** -0.066** -0.052
Having educational and vocational programs -0.029 -0.093 0.081%** 0.046
Having member working in state sector 0.216*** 0.429%** 0.250*** 0.492%**
Having member working in private sector 0.248%** 0.325%** 0.257*** 0.398***
Having member working in family business -0.065* -0.085* -0.259*** -0.149***
North East -0.118*** -0.367*** -0.105** -0.226***
North West -0.195*** -0.392*** -0.013 -0.166
North Central Coast -0.051 0.08 -0.016 0.338***
South Central Coast -0.072 -0.662*** -0.191** -0.817***
Central Highlands 0.031 0.295%** -0.138*** -0.214***
South East -0.372%*** -0.549%*** -0.083 0.109*
Mekong River Delta -0.183*** 0.032 0.133 0.410%**
Constant 7.869%** 8.801*** 8.279%** 9.539%**
Mundlak fixed effects Yes Yes Yes Yes
N 4028 4028 3756 3756

Notes: Standard errors (SE) are robust through the cluster option.

DHM standard errors are bootstrapped with 500 replications.

All dependent variables are expressed in logs.

*, %% kkk indicates that the corresponding coefficients are significant at the 10%, 5%, and 1% levels, respectively.
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