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Abstract: Contract farming has become a sustainable strategy in agriculture around the
world. Formal farming contract in pig production is one of the priorities of the Vietnamese
Government for livestock development. Due to the differences in husbandry methods, a
comparison of the technical efficiency between contract and noncontract pig farms has not
been studied in Vietnam yet. This study attempts to do so and proposes implications for
the sustainable development of pig production in Vietnam. In this study, we surveyed
201 pig farms (63 contract farms and 138 noncontract farms) in Hanoi, Vietnam, and
applied data envelopment analysis (DEA) with a meta-frontier. Under group frontiers,
the technical efficiency of the contract and noncontract farms are 96.11% and 88.64%,
respectively. However, the meta-technology ratios of the two groups are 82.30% and
99.99%, respectively, which means that contract farms’ technical efficiency is lower than
noncontract farms. An interesting finding is that although the technical efficiency of
contract farms is lower than noncontract farms, their annual pig income is significantly
higher, making contract farming attractive to farmers. Results of Tobit regression models
showed that land rent is one of the important factors that reduce the technical efficiency of
both contract and noncontract farms. This result implies that the Vietnamese government
should revise the land limit policy so that farms can own more land. Another finding is
that the high feed price reduces the technical efficiency of noncontract farms. The policy
implication from this finding is that the Vietnamese government should develop domestic
raw material areas for feed production to lessen the dependence on imported raw materials
from abroad, which contributes to reducing the feed prices in Vietnam.

Keywords: formal contract farming; data envelopment analysis; pig production; technical
efficiency; livestock production

1. Introduction

According to the Food and Agriculture Organization [1], pork is the most widely eaten
meat in the world (36%), followed by poultry (33%), beef (24%), and goats/sheep (5%).
With a total production of 3.56 million tons, accounting for 3% of global pork production,
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Vietnam ranks 6th in world pork production [2]. Pig production is the primary livestock sec-
tor in Vietnam, accounting for 62% of the total weight of animal meat [3]. Pig production is
also a livelihood for rural households because it contributes 14% of total family income and
25% of total income from agriculture [4]. With the increase in population and the growing
protein content in the Vietnamese people’s diet, the demand for pork is increasing [1].

Small-scale livestock farmers with limited resources (e.g., land, capital, infrastructure,
and technology) have been unable to meet the increasing demand for pork quantity and
quality. Faced with the inherent challenges of small-scale livestock farming, the Vietnamese
government has issued a series of policies to develop large-scale farms and strengthen the
linkage between farms and commercial integrators [5]. One of the most popular forms
of linkage is a farming contract, which mutually benefits farmers and integrators. By
participating in the farming contracts, farmers receive the inputs (e.g., piglets, feed, and
technical advice) without payment, and wage for pig raising from the integrators [6]. By
joining the contract, integrators can control the quality of pigs produced by contract farms.
Furthermore, integrators can avoid their responsibility to comply with environmental
regulations by passing them to contract farmers [7,8].

Technical efficiency evaluates the ability to use resources efficiently [9]. In other words,
it measures how much inputs could be saved with observed outputs or how much outputs
increase with existing inputs. Improving technical efficiency is the basis for improving
farmers’ incomes and livelihoods.

Various studies have examined technical efficiency in pig production, identifying key
factors such as technology adoption [10], education level, farming experience, and access
to extension services [11]. Studies on the technical efficiency of noncontract pig farmers
in Vietnam pointed out the influencing factors including the education level of household
heads, access to credit, pig density, family income, herd size, and percentage of own-
produced piglets and feeding modes [12], farming systems [13], live weight per fattening
pig, breeding time, experience, family member joining in pig production, income from pig,
and access to veterinary services [14,15]. Moreover, contract farming is often promoted to
enhance smallholder productivity by improving access to inputs, credit, extension services,
and markets. However, its impact on technical efficiency remains debated. While some
studies highlight efficiency gains, others argue that contract rigidity and increased costs may
limit these benefits. Research by Liang, Bi and Zhang [16] has shown that contract farming
can significantly increase income and technical efficiency in the agricultural production of
beef cattle farmers in China. Begum, Alam [17] argued that contract farming is positively
and significantly related to the technical, allocative, and economic efficiency of poultry
farms in Bangladesh.

Prior studies on technical efficiency in pig production in Vietnam only focused on
finding ways to improve the technical efficiency of noncontract farmers but ignored farmers
with formal farming contracts. These studies believe that noncontract farmers are more
vulnerable than contract farmers because they do not receive any support from integrators.
However, contract farming has become a leading trend in developing countries, including
Vietnam. African swine fever (ASF) has had a devastating impact on Vietnam's pig industry
since its emergence in February 2019, leading to the culling of six million pigs [18]. ASF
has significantly changed Vietnam’s pig industry, shifting towards reducing small-scale
households and increasing higher levels of biosecurity and high-technology farms as formal
contract farms of FDI integrators [18]. This shows that developing contract farming in
livestock production is a sustainable strategy of the Vietnamese government. In the context
of cooperation between farmers and integrators, improving technical efficiency offers win—
win solutions for both integrators and farmers. By improving technical efficiency, the
contract farmers would gain more benefits under the contract.
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In measuring technical efficiency in pig farms, previous studies mainly used regular
inputs such as feed, piglets, labor, depreciation of fixed assets, and other variable costs
(e.g., veterinary medicine, vaccine, electricity, and other fees). However, fattening pig
production in tropical countries consumes a large amount of water to cool and clean barns,
which is then discharged into the environment, causing pollution [19,20]. Regarding water
scarcity and severe environmental pollution, using water efficiently in livestock farming
benefits farmers and communities. Therefore, this study attempts to add water to the
normal input set to improve the models for measuring technical efficiency in pig farms.

Previous studies measure the technical efficiency of contract and noncontract livestock
farms with a single production frontier, which makes the results biased due to the het-
erogeneity of livestock farms. In fact, due to different production characteristics, contract
and noncontract livestock farms have their own production frontiers, so using the same
production frontier would distort the technical efficiency. Scholars offer a solution to limit
this bias by using the meta-frontier technique. This study uses the DEA model and the
meta-frontier technique to measure and compare technical efficiency between contract and
noncontract pig farms.

To address the research gaps, this study measures and compares the technical efficiency
of contract and noncontract pig farms with the first appearance of water in the input
set. In addition, the study also analyzes the factors affecting the technical efficiency of
each group of contract and noncontract farms, which provides solutions to improve the
technical efficiency.

2. Contract Farming in Pig Production in Vietnam

Contract farming in livestock production began to develop in Vietnam in the 2000s
when the Vietnamese government strongly supported it by issuing Decision 80/2002/TTg.
The most prominent feature of this decision is the promotion of cooperation between four
partners: the state, farmers, researchers, and enterprises [5]. There are two common types
of farming contracts in pig production: formal and informal. A comparison of the types of
formal, informal contract, and noncontract livestock farming is presented in Table 1.

Table 1. Comparison of formal and informal farming contracts.

Farming Contract

Formal Informal

Criteria Noncontract
Type 2 (for This
Type 1 Study) Type 3 Type 1 Type 2
Forms of Written agreement Written agreement Written agreement Unwritten agreement Unwritten N/A
contract agreement
A - Integrators; - Integrators; - Integrators; - Cooperatives; - Inp Utl, ) B Farmers
ctors - Farmers. - Farmers. - Farmers. - Farmers. Supphers; :
- Farmers.
Integrators provide
farmers feed, piglets,
vaccines, and Cooperatives act as Piglet sellers or feed .
Integrators rent . S Integrators buy - e Farmers buy inputs
. . e technical advice; . representatives for distributors sell
Operation livestock facilities slaughtered pigs . : and sell outputs by
collect slaughtered farmers to buy inputs and piglets or feed to
from farmers. . from farmers. . . themselves.
pigs; and pay the sell outputs. farmers with credit.
farmers wages for
pig raising.
- The facility can confine at least
500 fattening pigs; pigpens with
. automatic cooling system certified by Participating the
Housing the integrators; far from the residential N/A cooperatives N/A N/A

zone; qualified waste treatment plant;
3-phases electricity; hygiene water

source.
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Table 1. Cont.
Farming Contract
Criteria Formal Informal Noncontract
Type 2 (for This
Type 1 M Study) Type 3 Type 1 Type 2
- i _ - Commercial
Commercial B Follow the Follox_N the and/or
. . feed; R . technical 8 .
. - Commercial feed; technical advice . mixed with
Feeding mode F , s . - Follow the advice from .
_ ollow the Integrators’ instructions. Integrators’ from feed agricultural
instructions. cooperatives. distributors. by(-) duction
pr UCt1 .
Breeds ) Quahﬁed piglets provided by - Piglet sellers. - Piglet sellers. - Piglet sellers. - Piglet sellers.
integrators.
D - Vaccination Vaccination - Vaccination - Vaccination
isease -
management - Fully vaccinated by the integrators; ?;5;2:;321 depends on the ?;5;2:;321 ?}fgfiﬁj;:igl
practices - Limited access to the farms. capacity of financial capacity capacity of capacity of
pacity of the farms. pacity pacity
the farms. the farms. the farms.
Integrators pay the
farmers 1000 VND-
Integrators pay the fh;:relg;at(;rtshp ary tt he ¢ 2000 VND/kg
- farmers at the rate of armers at the rate o liveweight higher Pig income depends on Pigincome depends  Pigincome depends
Pig income 3000 VND-
& 420,000 VND- 4500 VND/1 k than the market market. on market. on market.
540,000 VND/ pig reight wain & price.
ghtgain. Pig income depends
on market.

Sources: Author’s compilation based on secondary document review.

Formal contracts are written agreements between vertically integrated feed—breed-
meat processing—export companies and large-scale farmers [21]. Formal contracts for pig
production in Vietnam have been provided by CP-Vietnam since 2000 and by Indonesia’s
Jappa Comfeed since 2003. Formal contracts are usually provided to farrow to wean and
grow to finish operations. Currently, there are three types of formal contracts between inte-
grators and farmers: facility rental, hiring farmers for pig raising, and buying slaughtered
pigs [22].

For the first type, integrators only rent facilities from farmers. The rent is calculated
based on the capacity and quality of the facilities. The integrators pay contract farmers
with a rental rate of 420,000 VND to 540,000 VND/pig. The facilities must meet the criteria
for waste treatment, electricity, and water.

For the second type, the integrators provide contract farmers with piglets, feed, veteri-
nary medicines, vaccines, and technical instructions for pig raising. The farmers use their
own facilities and bear the expenses for labor, water, electricity, and other fees. Farmers
are responsible for raising the pigs and following the integrator’s instructions. Integrators
would collect all pigs when they reach the slaughtered weight and pay farmers the wage
rate of 3.8 to 4.5 thousand VND/kg of weight gain. In addition, farmers also receive
bonuses if feed use efficiency is high and the pig death rate is low. The contract term is
five years for the new and one year for the old facilities. The integrators only contract with
the farms owning the facility confining at least 500 fattening pigs. The pigpen must be
equipped with an automatic cooling system, three-phase electricity, and a hygienic water
source. The farm must be located far from residential areas to reduce disease risks and
environmental pollution. In this study, we focus on this type of formal farming contract
since it is the most popular one in Vietnam [23].

For the third type, the integrators buy live slaughtered pigs from the farmers. They
pay farmers a price of 100 to 2000 VND/kg higher than the market price at the time of
purchase. The price depends on whether the pigs are GAP-certified or not. Farmers must
buy all inputs (e.g., piglets, feed, and veterinary medicine) by themselves. According to
Hoang Vu Quang [22], the average facility cost is about 1.968 million VND/pig for the first
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two formal contract types and 1.800 million VND for the third one, while it is 1.1 million
VND for informal and noncontract farms. The unqualified facility is the main difficulty of
noncontract pig farms in participating in the farming contracts.

Informal contracts are unwritten agreements between farmers and cooperatives or
input suppliers [5]. In the first type, farmers are members of cooperatives which may
produce or purchase agricultural products. In this form, cooperatives sign contracts with
integrators or suppliers for the supply of feed and stocks on behalf of their members.
The members may sell their pigs to the cooperative or a slaughterhouse. Alternatively,
cooperatives may sign the farming contracts with integrators while the members are the
ones who carry out the contracts. In this way, farmers with limited resources can still
participate indirectly in farming contracts. The cooperatives control the pig quality of its
members by providing technical support services and ensuring the quality of feed and
stocks. Members are assisted in selling slaughtered pigs at optimal transport costs and
reasonable selling prices.

In the second type, farmers have linkages with input suppliers (e.g., feed distributors
and piglet sellers). The feed distributors sell feed to farmers and earn additional profits
through feed credit (farmers can buy feed without having to pay immediately but would
have to pay a higher price for the buying on credit). The farmers enter this linkage for
assured feed quality and managing cash flow with feed credit.

The study by Le [24] measured the production efficiency of pig farms among four
groups: FDI integrators, cooperatives, domestic integrators, and households. The results
showed that pig farms of FDI integrators operated most effectively because they had large
capital, modern production technologies, qualified facilities, and steady sales. The efficiency
of the farms participating in the cooperatives or contracting with the domestic integrators
is lower than that of the FDI integrators. Pig households have the lowest efficiency due to
the low quality of facilities and breeding stock, high feed costs, and unstable sales.

3. Research Methods
3.1. Study Site

Hanoi was chosen as the research site because it is one of the three provinces with
the most significant number of pigs in Vietnam, with about 1382,385 pigs, accounting for
5.11% of the country’s total pig herd [3]. Moreover, pig production in Hanoi can represent
different regions in Vietnam because it has different types of farming systems including
industrial, semi-industrial, conventional systems, or different scales (e.g., large, medium,
and small sizes), or/and alternative forms of linkage in production such as formal and
informal contract farming or independent farming [20].

Hanoi is a province in the Red River Delta with a natural land area of 3345 km?, of
which the agricultural land area is 1886 km?, accounting for 56.34% of the total natural land
area. The Hanoi People’s Committee has issued the Regulation on livestock density for
sustainable livestock development. As of 2023, Hanoi’s livestock density is 3.44 livestock
units/ha which will reduce to 1.8 livestock units/ha by 2030 [25]. Hanoi includes 12 urban
districts, 17 rural districts, and one town. Pig farms are in most rural districts of Hanoi.
According to the statistics from the Department of Livestock and Veterinary Medicine
of Hanoi, in 2023, there were 45,611 pig holders, including 43,256 pig households and
2355 pig farms. According to Decree 13/2020/ND-CP, the number of livestock units for
pig households, small, medium, and large-scale farms is under 10, under 30, under 300,
and 300 or more, respectively [26]. Among the 2355 farms, the number of formal contract
farms is 273, accounting for 11.6% while the number of pigs produced by the contract farms
is 410,512, accounting for 29.71% of the total pig population in Hanoi. Pig households
produced 658,112 pigs (47.60%); the noncontract farms produced 313,761 pigs (22.69%).
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The figures show that contract farms, although few, are large. Accounting for 56.12% of
the pig population in Hanoi, six rural districts (Ba Vi, Phuc Tho, Thach That, Dan Phuong,
Chuong My, and Thanh Oai) were selected to conduct the survey (see Figure 1).
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Figure 1. Study site.

Since pig farms are growing while pig households are decreasing, our study focuses
on pig farms. We only selected samples from the 2355 pig farms to reduce the heterogeneity
in measuring technical efficiency. According to Yamane [27], when the population is known,
the sample size is calculated as follows.

N

"TOrNxed)

where 7 is the sample size; N is the population; e is the confidence level (e.g., 90%, 95%, or 99%).

The number of formal contract and noncontract pig farms in the study area were
273 and 2082, respectively. With the confidence level at 90%, the sample size for contract
and noncontract farms should be at least 74 and 96, respectively.

The survey was conducted from April to July 2024. With the list of pig farms pro-
vided by the Department of Livestock and Veterinary Medicine of Hanoi, we planned to
randomly select 74 contract farms in Chuong My, Thach That, and Phuc Tho districts, and
96 noncontract farms in Ba Vi, Dan Phuong, and Thanh Oai districts. However, due to the
risk of disease, we failed to access some contract farms, the number of valid contract farms
was 63. Access to noncontract farms appeared to be less difficult, so the number of samples
collected was 138, which is larger than planned. We understood that the sample size of
the two groups of pig farms was modest and could be biased, so we applied the bootstrap
technique to the technical efficiency score to overcome the bias [28-30].

3.2. Data Envelopment Analysis

Technical efficiency measures the ability to save inputs with a given quantity of output
(input-oriented) or the possibility of increasing outputs with a given quantity of inputs
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(output-oriented) [9]. In this study, we prefer input-oriented rather than output-oriented
methods because we expect to save inputs related to natural resources (water).

To measure technical efficiency in pig farms, scholars often use two methods: the para-
metric technique (stochastic frontier analysis—SFA) [7,31] and non-parameter techniques
(data envelopment analysis—DEA) [15,32-35]. Although there is a difference in technical
efficiency measurement, the production frontier constructed from these two techniques
is the same, and the measuring results are consistent [36,37]. Each method has its own
advantages and disadvantages. With SFA, its advantage is to provide solid information
to test hypotheses and build confidence intervals [36]. However, it requires assumptions
about the form of the production frontier and the distribution of efficiency scores [36]. The
results may be biased if the wrong form of the production function is chosen. In addition,
SFA does not allow for the reliability of inferences from small samples to be assessed. In
other words, the maximum likelihood in SFA requires a larger sample size.

DEA’s limitation compared to SFA is that it does not measure unobserved noises
and has poorer capabilities in hypothesis testing and confidence interval building [36].
However, the strength of DEA is that the production frontier it generates is based on actual
observations, so it does not require a specific production function form while allowing
curvature conditions to be imposed [36]. Moreover, DEA does not require a large sample
size like SFA. With a small sample size (204 farms), we choose DEA to analyze technical
efficiency in this study.

N, K, and M denote the number of farms, inputs, and outputs of the farms, respectively.
The column vectors x; and y; present the input and output data for farm i-th, respectively.
Data for all farms (N) in the sample are displayed in the K-by-N input matrix (X) and
M-by-N output matrix (Y).

TE is measured in the DEA by Equation (1) as follows:

Mil’l@)\e, (1)

Subjectto —y; +YA >0,
Ox; — XA >0,
N1A =1,

A>0,

where N1 and A denote vectors of ones and constants, respectively. 6 denotes the technical
efficiency of i-th farms, which presents the largest radial contraction of the input vector x;.
8 ranges from 0 to 1, where 1 is the score of the efficient farms at the frontier. The first
constraint ensures that the output of any i-th farm is lower than the outputs of the farms
forming the production frontier. The second constraint limits the proportional reduction in
the input to the best farming technique among the surveyed farms. The third constraint
concerns the convexity of the production frontier. Without this constraint, DEA automati-
cally generates the constant return to scale (CRS), which describes the proportional increase
in output when the input is increased (Figure 2). However, an increase in inputs does not
always lead to a proportional increase in outputs, especially in the agricultural sector, which
creates the production frontier with a variable return to scale (VRS) [38]. The difference in
scale explains the difference between CRS and VRS. Scale efficiency (SE) is measured by
TEcrs/TEyRrs, where TEcrs and TEygg are the TE under CRS and VRS, respectively [38].
SE =1 means that the farm is operating at the optimal scale, while SE < 1 means that it can
adjust its scale in the long run to increase its technical efficiency.
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Figure 2. Input-based technical and scale efficiency. Note: SE: Scale efficiency; CRS: Constant return
to scale, VRS: Variable return to scale. Source: [39].

DEA ignores white noise because DEA’s technical efficiency is estimated based on a
finite number of surveyed farms. At the same time, that deviation from the production
frontier is solely attributed to the inefficacy [40]. Bootstrapping can correct bias in technical
efficiency scores caused by sampling variation [28,29].

3.3. Meta-Frontier

Contract and noncontract pig farming have different operating methods (e.g., housing
system and feeding mode), so assuming that farms share a common production frontier is
inappropriate. Scholars propose using meta frontiers to measure technical efficiency that
considers differences between different farming operations [41,42].

Technical efficiency is calculated by comparing the performance of any farm with a
production frontier constructed from the best-performing farms in one sample. Contract
and noncontract farms differ in how they operate, forming two different production fron-
tiers. However, because they use the same inputs and produce the same outputs, they
share similar characteristics, forming a common production frontier encompassing all
the individual production frontiers [42]. Figure 3 describes the meta frontier and group
frontiers. G1G1’, G2G2’, and MTMT’ are the production frontiers of groups G1, G2, and
the meta-frontier. DEA first measures the technical efficiency of farms in each group with
respect to the production frontier of that group. Then, it measures the technical efficiency
of all farms with respect to the common production frontier for both groups (meta frontier).
The meta-technology ratio (MTR) of the two groups is used to compare the technical ef-
ficiency of these two groups. The group with a higher average value of MTR has higher
technical efficiency. MTR is calculated as follows.

om
MTR; = % )

14
91’
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Figure 3. Meta-frontier to measure the technical efficiency of different groups.

6™ and 6 are technical efficiencies with meta frontier and group frontiers, respectively.
The technical efficiency of A under G1G1’ is DB/DA. Its technical efficiency under meta-
frontier is DC/DA. So, MTR is calculated as DC/DB.

3.4. Tobit Model

The technical efficiency scores resulting from DEA were bootstrapped 1000 times
for smoothing the empirical distribution, which provides more consistent results in Tobit
Regression [28-30]. Since technical efficiency is a continuous variable ranging from 0 to 1
(or 0% to 100%), some regression models such as ordinary least squares (OLS) or Tobit
models can be used to analyze the factors affecting it [43]. The Tobit model is preferred in
this study because it overcomes the drawback of the OLS model, which is that the predicted
values of technical efficiency may be out of range from 0 to 1. A two-limited Tobit model
ensures that the predicted technical efficiency values lay in the interval [44]. Equation (3)
below expresses the Tobit model [44]:

0" =Z7ZB+e 3)

0*if0<0" <1
0= 0ifo* <0 ,
1if 6* >1

where

Z: Independent variables including gender, experience in farming, education level,
household size, land rent, access to credit, location, pig density, raising period, feed cost,
death ratio, percentage of own-produced piglets, waste treatment area [12-15,20,45];

0: TE scores;

0*: latent variable;

B: parameters to estimate;

e: error term.

4. Results and Discussion
4.1. Inputs and Outputs of Contract and Noncontract Pig Farms

A summary of inputs and outputs in pig production between contract and noncontract
farms is presented in Table 2. Feed Conversion Rate (FCR), one of the indicators used
to evaluate the efficiency of feed use is the amount (kg) of feed for 1 kg of weight gain.
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The results show that the FCR of contract farms (2.4) is higher than that of noncontract
farms (2.21), meaning that noncontract farms have higher feed use efficiency than contract
farms. Studies on FCR in fattening pig production showed that the optimal selling weight
of pigs is between 80 kg and 110 kg [46], which achieves the best FCR. Normally, contract
farms reach the optimal FCR due to the high quality of housing systems, stocks, and
raising techniques [20,45]. However, at the time of the survey, the average liveweight of
slaughtered pigs of contract farms was 115.05 kg, while that of noncontract farms was
101.74 kg. Normally, integrators collect the slaughtered pigs from contract farms when
they reach the optimal weight of about 110 kg. However, integrators delayed this due to
unfavorable markets. Contract farms must continue to raise the slaughtered pigs until the
integrators collect them. When pigs reach a weight of over 110 kg, they consume more
feed but the growth of body weight decreases. Meanwhile, noncontract farms usually sell
the slaughtered pigs at about 100 kg, so FCR is often at an optimal level. The FCR of the
contract farms is similar to the FCR of small-scale contract farming of swine in Lampang,
Thailand (2.42) [47].

Table 2. Summary of inputs and output of pig production.

Noncontract Farms Contract Farms All Sample

Variable (1 = 138) (1 = 63) (1 = 201) Different @
Feed per 1 ton weight gain (ton) 2.21 2.40 2.27 —0.19 *=**
Piglet (Mil. VND/ton) 6.94 6.19 6.70 0.75 ***
Labor cost (man-day/ton) 10.50 3.22 8.22 7.28 ***
Depreciation of fixed assets (Mil.
VND/ ton) 1.15 1.36 1.21 —0.21
Other variable cost (Mil. VND/ton) 1.62 2.18 1.80 —0.56 ***
Water-use (m>/ton) 194.80 87.29 161.10 107.51 ***
Total liveweight (ton) 16.34 212.68 77.88 —196.33 ***
Annual pig income (Mil. VND) 162.21 329.25 214.57 —167.04 ***
Pig income per ton (Mil. VND) 9.39 1.49 6.91 7.89 ***

@ t-test were used to compare the mean values between noncontract and contract farms. *** p < 0.01.

The cost of piglets on noncontract farms is higher than on contract farms. Noncontract
farms must buy piglets at market prices or produce piglets from their sows, while the
integrators supply contract farms with qualified piglets. To estimate the cost of piglets
of contract farms, we used the market price of piglets at the time of the survey. Due to
concerns about the health risks of piglets, noncontract farms often buy piglets of over 15 kg,
while contract farms receive piglets of 5-7 kg from the integrators [45], which makes the
cost of piglets of noncontract farms higher than that of contract farms.

Due to the closed and automated pigpen system, contract farms consume less labor
than noncontract farms. In pig raising, farmers must clean the pigpens and feed the
pigs. The open pigpen system of noncontract farms consumes much time for cleaning the
pigpen [20] because the farmers must scratch the floor to clean the manure and spray water
until the floor is clean [48]. Although the investment cost in the pigpens of the contract
farms is higher than that of the noncontract farms, the depreciation of fixed assets per ton
of slaughtered pigs of the two groups of farms is not statistically significantly different.

Other variable costs, such as electricity, veterinary medicines, and vaccines of contract
farms are higher than those of noncontract farms. Due to the automated pigpen system,
the electricity cost of contract farms is higher than that of the open pigpen of noncontract
farms. Since the integrators provide veterinary medicines and vaccines for contract farms,
we use the market price to calculate variable costs. Contract farms must comply with the
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integrators’ instructions in the vaccination, so the cost of vaccines is higher than that of
noncontract farms.

Because the closed pigpen system uses a circulating water-cooling system [20], the
water loss is for evaporation only. Whereas the noncontract farms use sprayers to cool pigs.
Therefore, the water consumed by contract farms is less than that of noncontract farms. In
addition, the water would be discharged as wastewater without being able to be recycled,
causing environmental pollution.

With a closed pigpen system, the number of pigs on contract farms is significantly
larger than that on noncontract farms. Contract farming has grown quite enormously
in recent years in Southeast Asia. Unlike contract farming in the Philippines, where
integrators sign farming contracts with farms of different sizes, integrators in Vietnam
prefer to contract with large-scale farms [5]. The pig density of contract farms is higher
than that of noncontract farms. Accordingly, the farm’s floor area per pig is 1.31 m?/pig
and 3.16 m? /pig, respectively [20].

Contract farms earn more in annual pig income than noncontract farms. This is
consistent with the research by Liang, Bi and Zhang [16], which dictates that contract
farming can significantly increase the income of beef cattle farmers in China. Simmons,
Winters and Patrick [49] also argued that contract farming increased returns to capital for
broiler contract farms in Indonesia.

However, the income per ton of liveweight pigs of noncontract farms is higher than
that of contract farms. Research by Delgado, Narrod [7] also shows that contract farms aim
toward lower unit profits but more significant total revenue and profits than noncontract
farms. The pig income of contract farms in Vietnam is calculated by taking the wages
paid by the integrators to the farmers minus the farm’s expenses, including electricity,
depreciation of fixed assets, and some other variable costs. The pig income of noncontract
farms is calculated by deducting the costs of piglet, feed, veterinary medicine, vaccines,
electricity, depreciation of fixed assets, and some other variable costs from the revenue. The
income of contract farms is stable and predictable because the wage rate is written in the
farming contract. In contrast, the income of noncontract farms is unstable and depends
on market demand, selling price, prices of piglets, feed, veterinary medicine, vaccines,
etc. According to Dzung, Dao [23], participating in contract farming is a way for pig
farms in Vietnam to cope with disease and price risks, while research by Kitchaicharoen,
Suebpongsang and Jittham [50] suggests that swine contract farms in Thailand coped with
low-level price risks but the production and income risks can still be observed as compared
to noncontract farms.

4.2. Technical Efficiency

The technical efficiency by group and meta frontiers of contract and noncontract farms
are presented in Table 3. The group frontier only measures the technical efficiency among
farms within the contract or noncontract farms. The technical efficiency under CRS, VRS,
and SE of noncontract farms is 88.64%, 91.08%, and 97.37%, respectively, which is higher
than the efficiencies in the study by Ly, Nanseki and Chomei [15] on technical efficiency of
pig households in Vietnam at 80.04%, 85.94%, and 93.64%. The difference can be explained
by the study of Ly, Nanseki and Chomei [15], which measured the technical efficiency of
pig production at the household level while our study focused on farm size. The technical
efficiency under CRS and VRS of contract farms is 96.11% and 96.58%, respectively, which
is similar to the results of the research by Labajova, Hansson [33] on the technical efficiency
of pig production in Sweden.
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Table 3. Summary of technical efficiency by group and meta frontiers.

Group Frontiers Meta-Frontier
Technical N C N C
Efficiency oncontract ontract oncontract ontract All Samples Different @
Farms Farms Farms Farms
CRS 88.64 96.11 88.62 79.11 85.64 9.51 ***
VRS 91.08 96.58 90.99 92.67 91.51 —1.68 *
SE 97.37 99.51 97.44 85.48 93.69 11.96 ***

@ ¢-test were used to compare the mean values between noncontract and contract farms within the meta-frontier.
*p<0.1;**p<0.01.

The technical efficiency of the group frontier of contract farms is higher than that of
noncontract farms. The reason is that contract farms practice the husbandry according
to the integrators’ technical instructions, which optimizes the production. Therefore, the
difference between inefficient farms and the frontier is negligible. Meanwhile, noncontract
farms have diversity in housing systems, husbandry techniques, and experience, which
leads to large differences between efficient and inefficient farms. When considering the
scale of the farms, the technical efficiency under VRS of contract and noncontract farms
was 96.58% and 91.08%, respectively. The scale efficiency of both groups was 99.51% and
97.37%, respectively, showing that most farms are operating on optimal scale.

The meta frontier forms a single frontier for both contract and noncontract farms, from
which inefficient farms would be compared. With the meta-frontier, noncontract farms’
technical efficiency under CRS, VRS, and SE is higher than contract farms (Table 4). The
meta-technology ratio (MTR) considers the technical efficiency of the group and meta-
frontier levels simultaneously, the larger the MTR, the higher the technical efficiency. The
result shows that the MTR under CRS and VRS of noncontract farms is higher than that of
contract farms. This finding contrasts with the results of previous studies, which found
that contract farming increases the technical efficiency of beef cattle farmers in China [16],
broiler farmers in Nigeria [51], and poultry farmers in Bangladesh [17]. This contrast
may be due to the different forms of farming contracts. In previous studies, integrators
bought outputs from farmers while in Viethamese pig production, integrators provide
some essential inputs (feed, stock, and vaccines) for contract farmers and collect outputs
from them.

Table 4. Comparison of TE using the meta-technology ratio (MTR).

Noncontract Farms Contract Farms
Different @
Mean SD Mean SD
MTR under CRS 99.99 0.14 82.30 2.79 17.69 ***
MTR under VRS 99.90 0.55 95.98 4.65 3.92 ***

@ ¢-test were used to compare the mean values between noncontract and contract farms. *** p < 0.01.

4.3. Determinants of the Technical Efficiency

The variables used in the Tobit models are presented in Table 5. To analyze the factors
affecting the technical efficiency of each group considering the scale, we use the technical
efficiency under VRS with group frontiers. To limit the bias due to sampling, we bootstrap
1000 times the efficiency scores.
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Table 5. Summary of variables used in Tobit models.

Difference ®

Variables Noncontract Farms Contract Farms (+-Test/chi2)
Dependent variable
Bootstrapped DEA efficiency score ) 85.73 94.37 —8.64
Explanatory variables
Gender (1 = male, 0 = female) 0.80 0.86 0.54 NS
Experience in farming (year) 17.82 7.90 9.92 ***
Education level (schooling year) 8.10 9.64 —1.56 **
Household size (person) 4.85 5.17 —0.32 NS
Land rent (dummy) 0.10 0.50 26.84 ***
Access to credit (dummy) 0.36 0.55 4.23 **
Location (1 = outside of residential zones, 0.33 1.00 50 67 %4
0 = others)
Pig density (pig/m?) 0.30 0.65 —0.35 ***
Raising period (month) 5.43 5.86 —0.32 ***
Feed cost (Thousand VND/kg liveweight) 24.33 - -
Death ratio 11.14 5.76 5.83 ***
Percentage of own-produced piglets (%) 78.25 -
Waste treatment area (m?/pig) 4.43 0.98 3.45 NS

@ 1000 times of bootstrapping DEA under VRS by group frontiers; ® The chi2 test is performed with nom-
inal or dummy variables, and the f-test is performed with the remaining variables. ** p < 0.05; *** p < 0.01,
NS: non-significant.

Noncontract farmers were older but had fewer years of education than contract
farmers. Contract farms had better access to credit, rented more land, and were located far
from residential areas. Contract farms had higher pig densities and longer fattening times
but lower pig death rates than noncontract farms.

The results of the Tobit models are presented in Table 6. The multicollinearity test
results in Appendix A show no signs of multicollinearity. Land rent reduces the technical
efficiency of both contract and noncontract farms. This finding contrasts with a study
by Huy and Nguyen [52], which argued the positive impact of land rent on technical
efficiency in cultivation in Vietnam. However, in the livestock sector, farms must comply
with environmental regulations, so renting land is not only for building pigpens but also
for installing waste treatment facilities. Labajova, Hansson [33] also note that manure treat-
ment reduces the technical efficiency of grow-to-finish pig farms in Sweden. In Vietnam,
the policy on land quota (each individual /household is not allowed to own more than
3 ha of agricultural land) and land fragmentation hinders the expansion of agricultural
production [53].

High pig density increases the technical efficiency of noncontract farms but does not
affect the technical efficiency of contract farms. Research by Lee, Choi [54] showed that the
survival rate of fattening pigs increased when floor space ranged from 1.10 to 1.27 m? /head,
and increasing the space from 1.27 to 1.47 m? /head increased the productivity of the pigs.
The average pig density of noncontract farms is 0.3 pig/m? (equivalent to 3.3 m?/head).
With such a low pig density, the cost of pigpen depreciation, electricity, and water con-
sumption for cooling and cleaning the pigpens increase, reducing technical efficiency. With
contract farms, pig density is fixed by the integrators’ regulations, so there is no significant
difference among the farms.
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Table 6. Determinants of technical efficiency under VRS.

Variables Noncontract Farms Contract Farms
Gender —0.1768 —1.3273
Experience in farming 0.0021 —0.0129
Education level 0.1227 0.0719
Household size —0.2726 —0.2193
Land rent —5.8729 *** —2.4023 ***
Access to credit —1.7986 0.4039
Location —0.4260 -
Pig density 8.6206 *** 2.6393
Raising period 0.0294 —1.9834 ***
Feed cost —1.3805 *** -
Death ratio —0.0959 ** 0.0027
Percentage of "
own-produced piglets 0.0351 )
Waste treatment area 0.0155 —0.9224 *
Constant 122.1414 *** 107.8262 ***
Number of observations 138 63
LR chi2 74.12 25.82
Prob > chi2 0.000 0.004
Log likelihood —282.5931 —95.2944
Pseudo R2 0.1159 0.1193

¥p<0.1;* p<0.05 ** p<0.0L.

The long fattening period reduces the technical efficiency of contract farms but does not
affect noncontract farms. Research by Wittayakun, Chainetr [47] argues that the average fat-
tening time of small-scale contract farming in Thailand is 158 days/cycle (5.3 months/cycle),
which is shorter than that of contract farms in Vietnam (5.86 months/cycle). After this
period, the pig’s weight gain rate decreases while the feed consumed increases. The farms
must continue to pay the depreciation costs of the barn, electricity, and water until the inte-
grators collect the slaughtered pigs. For some reason, the integrators can delay collecting
the slaughtered pigs, causing a long fattening period.

High feed costs reduce the technical efficiency of noncontract farms. Feed costs account
for the largest proportion of total production costs (70%) and significantly influence pig
health [55]. The feed price in Vietnam is relatively high because feed enterprises must
import raw input materials from abroad [13]. Noncontract farms often buy feed on credit,
resulting in a higher feed price than a lumpsum payment. This result implied that the
Government should develop raw material areas to promote domestic feed production,
which contributes to reducing the feed price in Vietnam.

A high pig death rate reduces the technical efficiency of noncontract farms since it
increases input costs for piglets, feed, veterinary drugs, and other variable costs. The
pig death rate of noncontract farms is about two times higher than contract farms. The
reason is that piglets of noncontract farms are bought from unreliable hatcheries, while
contract farms are supplied with qualified piglets from integrators” hatcheries. In addition,
the quality of the pigpens of noncontract farms (conventional type) is lower than that of
contract farms (industrial type). Moreover, pig disease prevention in noncontract farms is
worse than in noncontract farms.

A high percentage of own-produced piglets increases the technical efficiency of the
farms. Piglets of noncontract farms come from two sources: own production and buying
from hatcheries. Own production is considered the traditional way to ensure the quality of
piglets and save costs [13].
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Large waste treatment area per pig reduces the technical efficiency of contract farms. To
participate in farming contracts, farms must have appropriate waste treatment plants [45].
These plants may include biogas digesters and biological ponds, occupying a large amount
of land because the decomposition of the plants depends on the biological process [56].
Farms must rent land to build pigpens and waste treatment plants, so the larger the waste
treatment area, the higher the rental cost, which reduces technical efficiency. The findings
implied that the Vietnamese government should revise the land ownership policies that
allow farmers to own land on a larger scale, which reduces land use costs.

In addition, waste treatment is mandatory for all livestock farms, so applying ad-
vanced waste treatment technology to reduce the occupied land area is necessary. Some
technologies, such as the slatted floor, manure separation, and biological bedding, have
been used to help utilize pig manure to produce organic fertilizer, reducing the load on
waste treatment facilities [56].

5. Conclusions

Contract farming is being supported by governments in developing countries with
the expectation of improving production efficiency, reducing market risks, and increasing
farmers’ income. As one of the six largest pig producers in the world, the Viethamese
government is also promoting the development of formal farming contracts in pig produc-
tion. However, due to the specificity of formal farming contracts in the livestock sector
in Vietnam, where contract farmers are provided with most of the essential inputs by the
integrators, there has been no previous study in Vietham comparing technical efficiency
between contract and noncontract pig farms. This study applies a meta-frontier to compare
the technical efficiency of the two groups.

The study results show that the technical efficiency of contract farms is lower than that
of noncontract farms. Despite that, the annual pig income of contract farms is significantly
higher than that of noncontract farms, which makes formal farming contracts attractive
to farmers.

This study also analyzes the factors affecting technical efficiency in each group. The re-
sults show that land rental reduces the technical efficiency of both groups. For noncontract
farms, higher pig density and a larger percentage of own-produced piglets increase techni-
cal efficiency, while feed cost and death ratio reduce technical efficiency. For contract farms,
the longer fattening period and larger waste treatment area reduce the technical efficiency.
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Abbreviations

The following abbreviations are used in this manuscript:

CRS Constant return to scale

DEA  Data envelopment analysis

FCR Feed conversion rate

MDPI  Multidisciplinary Digital Publishing Institute
MTR  Meta-technology ratio

SE Scale efficiency

SFA Stochastic frontier analysis
TE Technical efficiency

VRS Variable return to scale

NIRS  Non-increasing return to scale

Appendix A

Table Al. Variance inflation factor.

Variables Tobit Model of Tobit Model of
Noncontract Farms Contract Farms
Gender 1.12 1.16
Experience in farming 1.10 1.52
Education level 1.12 1.45
Household size 1.05 1.43
Land rent 1.34 1.44
Access to credit 1.08 1.16
Location 1.32 -
Pig density 1.15 1.12
Raising period 1.16 1.23
Feed cost 1.17 -
Death ratio 1.07 1.41
Percentage of 137
own-produced piglets ’ )
Waste treatment area 1.10 1.17
Mean 1.16 1.31
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