Mangrove and Shrimp Farming
Profitability in the Mekong River
Delta, Vietnam
Truong Dang Thuy and Do Huu Luat

Published by WorldFish (ICLARM) – Economy and Environment Program for Southeast Asia (EEPSEA)
EEPSEA Philippines Office, SEARCA Bldg., College, Los Baños, Laguna 4031 Philippines
Tel: +63 49 536 2290 loc. 4107; Fax: +63 49 501 3953; Email: admin@eepsea.net
EEPSEA Research Reports are the outputs of research projects supported by the Economy and
Environment Program for Southeast Asia. All have been peer reviewed and edited. In some cases,
longer versions may be obtained from the author(s). The key findings of most EEPSEA Research
Reports are condensed into EEPSEA Policy Briefs, which are available for download at www.eepsea.
org. EEPSEA also publishes the EEPSEA Practitioners Series, case books, special papers that focus on
research methodology, and issue papers.
ISBN: 978-621-8041-44-8
The views expressed in this publication are those of the author(s) and do not necessarily represent
those of EEPSEA or its sponsors. This publication may be reproduced without the permission of, but
with acknowledgement to, WorldFish-EEPSEA.

Suggested Citation: Truong Dang Thuy; and Do Huu Luat. 2017. Mangrove and shrimp farming profitability in the Mekong River Delta, Vietnam. EEPSEA Research Report No. 2017-RR21.
Economy and Environment Program for Southeast Asia, Laguna, Philippines.

Mangrove and Shrimp Farming Profitability
in the Mekong River Delta, Vietnam

Truong Dang Thuy
Do Huu Luat

May, 2017

Comments should be sent to: Truong Dang Thuy
School of Economics, University of Economics Ho Chi Minh City
1A Hoang Dieu, Phu Nhuan District, Ho Chi Minh City, Vietnam
Tel: +84 8 3844 8222
Fax: +84 8 3845 3897
Email: truong@dangthuy.net
The Economy and Environment Program for Southeast Asia (EEPSEA) was established in
May 1993 to support training and research in environmental and resource economics. Its goal is to
strengthen local capacity in the economic analysis of environmental issues so that researchers can
provide sound advice to policymakers.
To do this, EEPSEA builds environmental economics (EE) research capacity, encourages
regional collaboration, and promotes EE relevance in its member countries (i.e., Cambodia,
China, Indonesia, Lao PDR, Malaysia, Myanmar, Papua New Guinea, the Philippines, Thailand, and
Vietnam). It provides: a) research grants; b) increased access to useful knowledge and information
through regionally-known resource persons and up-to-date literature; c) opportunities to attend
relevant learning and knowledge events; and d) opportunities for publication.
EEPSEA was founded by the International Development Research Centre (IDRC) with
co-funding from the Swedish International Development Cooperation Agency (Sida) and the
Canadian International Development Agency (CIDA). In November 2012, EEPSEA moved to
WorldFish, a member of the Consultative Group on International Agricultural Research (CGIAR)
Consortium.
EEPSEA’s structure consists of a Sponsors Group comprising its donors (now consisting of
IDRC and Sida) and host organization (WorldFish), an Advisory Committee, and its secretariat.
EEPSEA publications are available online at http://www.eepsea.org.

TABLE OF CONTENTS
EXECUTIVE SUMMARY

1

1.0 INTRODUCTION

1

2.0 THEORETICAL BACKGROUND

3

2.1 Purifying Water

3

2.2 Feed Inputs

3

2.3 Nursery Grounds

3

2.4 Seed Recruitment

3

2.5 Adverse Effects on Shrimp Farming

4

3.0 VALUATION OF MANGROVE FUNCTIONS

5

3.1 The Production Function Approach

5

3.2 The Profit Function Approach

5

3.3 Study Area and Data Source

6

4.0 RESULTS AND DISCUSSION

7

4.1 Descriptive Statistics

7

4.2 Empirical Results

10

5.0 CONCLUDING REMARKS

15

REFERENCES

16

LIST OF TABLES

Table 1.

Summary of the sample

7

Table 2.

Descriptive statistics of the variables in the sample data

8

Table 3.

Parameter estimates for Cobb-Douglas and Translog production function

11

Table 4.

Parameter estimates for linear and quadratic profit functions

13

Table 5.

Hypotheses testing

15

LIST OF FIGURES
Figure 1.

The distribution of observed aquaculture farms

9

Figure 2.

Effect of mangrove coverage in the Cobb-Douglas production function

13

Figure 3.

Effect of mangrove coverage in the translog production function

13

Figure 4.

Effect of mangrove density in the Cobb-Douglas production function

14

Figure 5.

Effect of mangrove density in the translog production function

14

Figure 6.

Effect of mangrove coverage in the linear profit function

14

Figure 7.

Effect of mangrove coverage in the quadratic profit function

14

Figure 8.

Effect of mangrove density in the linear profit function

14

Figure 9.

Effect of mangrove density in the quadratic profit function

14

MANGROVE AND SHIRMP FARMING PROFITABILITY
IN THE MEKONG RIVER DELTA, VIETNAM

Truong Dang Thuy and Do Huu Luat

EXECUTIVE SUMMARY
Mangrove forests provide various ecological services, yet the mangrove area in Vietnam
is dramatically decreasing in recent decades. Since 1995, mangrove forests in south Vietnam have
been allotted and contracted to households for protection, management, and logging. Under
this policy, households are allowed to convert 20–40 percent of the allotted forests into other
uses, mainly shrimp farming. Most households develop mixed shrimp farming, where shrimp
ponds are established in mangrove forests. With poor enforcement of the forest assignment
policy, however, mangrove forests are over-extracted as farmers are converting more than the
allowed level for larger areas for shrimp farming and higher returns. In this study, we examine the
impacts of mangrove coverage in areas of mixed shrimp ponds on productivity and profitability.
We found that mangrove coverage has significant impacts on the productivity and profitability of
shrimp farming, while mangrove density does not. Particularly, we found that too high mangrove
coverage will result in lower output level and profit. However, coverage levels less than 60–70
percent have small impacts, which implies that farmers should not convert more than 30–40
percent. The current policy that allows farmers to convert 30–40 percent of the mangrove forest
should be enforced.

1.0 INTRODUCTION
Mangroves are highly productive in maintaining a wide variety of flora and fauna species
and supporting coastal food chains. With the emergence of climate change impacts, the ecological
services of mangroves become more important. Mangroves play a crucial role in protecting coastal
areas and adapting to harsh environmental conditions. Mangroves serve as natural barriers to
storms, shoreline erosion, and sea level rise. Mangrove forests, with their physical structure and
characteristics, lessen the strength of wind and the height of swell waves, bind and build soils,
and as a result, reduce many threats associated with storms or hurricanes (McIvor et al. 2012).
Mangroves’ wide roots and dense leaves reduce the effects of tidal and tsunami surge (Hiraishi
and Harada 2003). Mangroves also play an important role in carbon sequestration (Kristensen
et al. 2008). Because of its capability to protect shorelines and riverbanks, mangrove forests are
considered a good mitigation option for sea level rise and provide an environment-friendly and
aesthetically pleasing protection (Black and Mead 2001; Gómez-Pina et al. 2002; Khalil 2008;
Linares 2012). In addition, mangroves have important services in maintaining biodiversity, cleaning
and purifying water (Alongi 2008; Sathirathai and Barbier 2001; Barbier and Sathirathai 2004).
A large number of studies have demonstrated the role of mangrove forests regarding natural
disasters and valued the ecological functions of mangrove forests using various methods (Salem
and Mercer 2012).
Mangrove forests also provide an important source of livelihood. As reviewed by Barbier
(2007), mangrove forests provide not only indirect uses, including air pollution reduction, nutrient
cycling, and watershed protection, but also direct uses, including timber products, food, and

recreation, contributing a significant value to households’ livelihoods in surrounding communities.
The deforestation of mangrove forests is due to wood and fuelwood extraction and cultivation. As
a result, mangrove forests are also known to be over-extracted by local users (Giri et al. 2011).
In Vietnam, the area of mangrove forests has declined dramatically during the last century.
In the early 1940s, Vietnam had more than 400,000 hectares (ha) of mangrove forest (VEPA,
IUCN, and MWBI 2005). In 2010, the mangrove forest area was reduced to 170,000 ha, with much
lower biodiversity and biomass, and a very small percentage of that is natural forest (Powell et al.
2008; Luu 2000). Of the mangrove forest area in the Mekong River Delta, 161,277.5 ha had been
converted for shrimp farming as well as other activities in the last two decades (Minh, Yakupitiyage,
and Macintosh 2001).
There are three types of mangrove forests in Vietnam: protection, special use, and
production. Except for a few protected mangrove forests, forests are managed by individual
households. Since 1995, mangrove forests in south Vietnam have been allotted and contracted to
households for protection, management, and logging. The households are paid a small amount
of money for managing the forests. In addition, logging is allowed, but subject to the approval
of local authorities, and households can get part of the revenue from logging. Under this policy,
households can also convert part (20–40%) of the allotted forests for agriculture, aquaculture, and
housing. The main activity on land converted from forests is shrimp farming (Thu and Populus
2007). Particularly, almost 200,000 ha of mangrove areas have been lost to shrimp farming (VEPA,
IUCN, and MWBI 2005), making it the main cause of mangrove deforestation.
Although cutting mangrove forests beyond the allowed proportion is illegal, massive
deforestation is ongoing due to poor enforcement. Local governments’ lack of resources and
expertise have resulted in ineffective mangrove management, leading to the poor enforcement of
regulations in mangrove management (Hawkins et al. 2010; VEPA, IUCN, and MWBI 2005).
The abovementioned policy states that mangrove coverage in shrimp farming systems
should be 60–80 percent. However, there is evidence that that coverage is higher than the profit
maximizing level, and previous studies have found that the mangrove coverage of aquaculture
ponds in the Mekong River Delta did not comply with the government’s regulations due to illegal
deforestation, which adversely affects shrimp yields (Tuan et al. 1992; Binh, Phillips, and Demaine
1997; Minh, Yakupitiyage, and Macintosh 2001; Bosma et al. 2014; Johnston et al. 2000a). The
average shrimp yield per hectare in Ben Tre province was 204 kilograms (kg) for ponds with 10
percent mangrove coverage and 324 kg for ponds with 40 percent coverage (Tuan et al. 1992).
Meanwhile, Binh, Phillips, and Demaine (1997) analyzed data from integrated shrimp farms in Ngoc
Hien District and found that ponds with mangrove coverage of 30–50 percent have the highest
return, and that the net revenue of ponds without mangroves is lower than those with mangrove
forests. In a recent review, Bosma et al. (2014) also confirms the optimal mangrove coverage of
30–50 percent.
On the other hand, other studies assert that lower mangrove coverage is better for shrimp
farming. It was found that farms with coverage less than 30 percent yield higher revenue in Ngoc
Hien and Nam Can districts, Ca Mau Province (Tran 2005). This, together with the poor enforcement
of regulations in Vietnam and over-extraction of allotted mangrove forests, result in the loss of
many ecological services to the community.
The policy of mangrove forest assignment, the poor enforcement of regulations related
to mangrove management, and previous studies highlight the need for a proper examination
of the impacts of mangrove coverage on shrimp farming. It should be noted that most of the
abovementioned studies apply simple statistical techniques. In this study, we investigate the
effects of mangrove coverage using the production and profit functions with data from a survey
of coastal areas in Vietnam’s MRD. We found that clearing the mangrove forest does not improve
the productivity and profitability of shrimp farming, and that mangrove coverage up to 70 percent
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does not adversely affect productivity and profitability. This implies that the current regulations are
well designed, and that farmers should not convert more than 30 percent of their mangrove forest
allocation.
The next section in this paper discusses the role of mangrove coverage in shrimp farming.
The specification of the production and profit functions applied for this study, as well as the study
locations and data, are then presented. Finally, results are presented and discussed.

2.0 THEORETICAL BACKGROUND
Mangrove forests support many services for production activities. First, mangrove forests
play a role in reducing the turbulences of climate conditions, which can damage aquaculture
production in coastal areas. Second, mangrove forests help decrease the levels of pollutants,
mitigate variation in salinity and turbidity (Larsson, Folke, and Kautsky 1994; Kautsky et al. 1997),
reduce the flow of tidal water, and facilitate the deposition of sediments, which may filter out and
treat toxins. Mangrove forests are also nursery grounds and habitat for many species that provide
nutrients as feed inputs to shrimp farming (Nagelkerken et al. 2008; Hong and San 1993). Larsson,
Folke, and Kautsky (1994) found that mangrove coverage of 25 percent provides about 70 percent
of feed requirement.
2.1 		

Purifying Water

The substantiality of shrimp farming is supported by the ecological system as the source
of feeds and clean water. Larsson, Folke, and Kautsky (1994) found that a 1-ha shrimp farm in
Columbia requires 4.2 ha of mangroves to purify the water and provide feed. Expansion of the
shrimp pond leads to the deterioration of the water filtering capacity of surrounding mangroves,
which subsequently self-pollutes the farm area (Rönnbäck 1999). In addition, the role of mangrove
forests in sustaining water quality is even more important in maintaining the environment for
species that provide natural feed for shrimp (Menzel 1991; Beveridge, Phillips, and Macintosh
1997).
2.2

Feed Inputs

The natural food input production in mangrove forests, perhaps, is the most crucial
role that mangroves play in aquaculture. The mangrove food web is mainly supported
by the transformation of mangrove leaf litter into detritus and the presence of plankton,
microphytobenthos, and epiphytic algae (Nagelkerken et al. 2008). On the other hand, Gatune et
al. (2012) propose that mangrove leaf litter longevity could be a deterministic component of the
nutrient supply of an ecological system.
2.3 Nursery Grounds
Mangrove forests are also life-support systems in sustaining numerous marine species
(Rönnbäck 1999). A majority of marine species reside in the mangrove forest at a stage of their life
cycles (Nagelkerken et al. 2008; Beck et al. 2001). Molluscs, especially oysters and mussels, thrive on
mangrove roots.
2.3. Seed Recruitment
Mangrove forests play a crucial role in the natural production of wild seeds or fry in
Mangrove and Shirmp Farming Profitability in the Mekong River Delta, Vietnam

3

aquaculture. Shrimp seeds can enter aquaculture systems artificially or naturally via the intertidal
zone (Rönnbäck 1999). Hence, the natural production of larvae and juvenile considerably varies
with the seasons. For example, there is higher post-larvae density in the spring season than in the
rainy season.
Converting mangrove areas to intensive shrimp ponds reduces the nursery ground as well
as shrimp recruitment. This not only reduces shrimp yield in the mixed mangrove-shrimp ponds
(e.g., 100–150 kg/ha/year in 2003 in comparison to 1,300 kg/ha/year in 1980) (Tran 2005) but also
decreases the mangrove mollusk yield (Menzel 1991). Apart from the diminishing productivity,
farmers bear significantly the amount of seed cost due to the loss of natural recruitment of
production stock.
2.4

Adverse Effects on Shrimp Farming

Although mangroves purify water, they can also cause pollution. If the drainage system
in shrimp ponds with mangrove cover is insufficient, ponds could become shallow because of
sediment accumulation, leading to temperature fluctuation. Moreover, in narrow and long ponds,
water exchange may be limited resulting in wastes and litter accumulation in the far end of the
ponds (Tran 2005). Other studies also found adverse effects of mangrove forests on aquaculture.
Johnston et al. (2000b) found that mangrove leaf litter affect the survival and growth of shrimp.
In addition, different species of mangrove have different effects on aquatic organisms in farms
(Basak, Das, and Das 1998; Hai and Yakupitiyage 2005). Dissolved oxygen is consumed significantly
in the process of leaf litter decomposition, which result in reduced water and sediment quality and
reduced body weight of shrimp (Fitzgerald 2000; Sukardjo 2000). In this way, there is a decrease
in the natural food production in aquatic ponds (Lee 1999). Compounds from mangrove trees
(i.e., tannic acid in Rhizophora leaves), also have negative effects on the survival and growth of
aquatic organisms (Inoue et al. 1999 cited by Primavera 2000). Besides, aquatic organisms are also
damaged by other substances from mangroves trees, such as root, barks, and stems (Madhu and
Madhu 1997 cited by Hai and Yakupitiyage 2005).
The mangroves’ roots can provide natural shelter and food input for marine species and
maintain environment quality, and are a habitat for animals above the water (e.g., snakes and
birds) (Nagelkerken et al. 2008). However, this service can be a threat to post-larvae or juvenile
shrimp because of the existence of predators (Primavera 2000).
Nevertheless, the decomposition rate of leaf litter varies by mangrove species, and the
leaves can bring both benefits and disadvantages to the survival and growth of shrimp. To be
specific, in ponds without aeration, aquatic organisms may die within two days if the loading
rate of leaves is greater than 0.5 g/l (Hai and Yakupitiyage 2005). Leaves from mangrove trees also
release tannic acid, which may be toxic to marine species in ponds (Primavera 2000).
As a result, mangroves may have mixed effects on shrimp farming affecting the output
quantity as well as the use of inputs by farmers. Therefore, mangrove coverage and attributes
may affect shrimp productivity as well as profitability. Although there are many studies on the
impacts of mangroves on shrimp farming, most of them are technical or biological. Only a few of
them analyze the issue from an economic perspective (i.e., estimating the production or profit
function). Using simple production functions, Binh, Phillips, and Demaine (1997) analyzed data
from integrated shrimp farms in Ngoc Hien District and found that ponds with mangrove coverage
of 30–50 percent have the highest return. McNally, Uchida, and Gold (2011) regressed the change
in income before and after a national park protecting mangrove areas was established, and found
that an increase in mangrove area results in higher income from shrimp production.
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3.0 VALUATION OF MANGROVE FUNCTIONS
In this study, we apply production and profit functions to examine the impacts of
mangrove coverage in shrimp production.
3.1

The Production Function Approach

There are three kinds of shrimp farming in the study area: intensive, extensive, and
semi-intensive. We focused on extensive and semi-intensive farms with mangrove coverage. We
estimated the production function for intensive shrimp farming as:

𝑌𝑖 = 𝑎 � 𝑔(𝑋𝑖 , 𝐴 𝑖 ,𝑀𝑖 )

(1)

with Yi as output measured by the harvested shrimp in the last year by household i, Xi as a vector
of inputs, Ai as a set of variables reflecting management ability, and Mi as a set of mangrove
attributes, including mangrove coverage and density.
For the production function, we use Cobb-Douglas for its parsimony and translog for
its flexibility. We introduce Ai in linear form. However, mangrove coverage is introduced into the
equation in cubic form. Because there are a considerable number of farms with zero level of inputs,
they are specified as ln{max (Xij,1 – Dij)}. We also added a set of dummy variables Di for these cases
of zero inputs to avoid bias (Battese 1997). The Cobb-Douglas production function for the farm i is
specified as:
(2)
Here Mi is mangrove coverage and Ei is mangrove density, measured by the number of mangrove
trees per 100 square meters (m2). The general translog production function for the ith farm is
defined as:

(3)

3.2

The Profit Function Approach

In a duality, the production function reflects the profit function. However, the estimation
of the production function may encounter several problems. First, there may be multicollinearity
among input levels. Second, there may be endogeneity due to the correlation between observed
inputs and unobserved factors (Olley and Pakes 1996; Levinsohn and Petrin 2003). In addition,
shrimp farming has fixed factors that prevent farmers from fully maximizing profit. As a result
duality does not fully apply.
Although estimating a profit function that satisfies all of the properties is quite
complicated (Fox and Kivanda 1994), it does not have problems in the estimation of the
production function. Therefore, we estimate the short-run profit function as:
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𝜋𝑖 = 𝑎 � 𝑔(𝑝𝑖 , 𝑤𝑖 ,𝐹𝑖 , 𝑀𝑖 )

(4)

with pi as output and input prices and Fi as fixed input. The widely-adopted Cobb-Douglas and
translog functional forms are not applicable here because of negative profit. Therefore, we apply
the linear profit function
(5)

and the quadratic profit function:

(6)
where p is the set of output and input prices, and F represents the fixed inputs.
3.3

Study Area and Data Source

The Mekong River Delta, which is in southwestern Vietnam, is in the downstream area of
the Mekong River. It is approximately 40,000 square kilometers (km2) covering 14 provinces and a
city. Its population of 18 million accounts for 20.5 percent of the country’s population. The Mekong
River Delta is the largest farming and fishing region in Vietnam, accounting for 70 percent of the
total farming area. This area provides over 52 percent of annual aquacultural output. In 2014, the
aquaculture in the area was around 800,000 ha, with total output of over 2.4 million tons.
Aquafarming in Vietnam is mainly of three types: intensive, semi-intensive, and extensive.
The intensive system is based mainly on formulated feed. This farming system has been well
developed. Because of mechanization, it is easy to manage and operate with automatic supply and
draining of water and fitting up of all facilities. Although intensive cultivation brings high profit,
the cost is quite high and waste water, which is not treated well, will lead to water pollution. Semiintensive culture is based on a mixture of formulated and natural feed; but input water depends
on the tide. Extensive culture is characterized by a large farming area and natural food. The semiintensive and extensive systems are often known as mixed mangrove-aquaculture farming due
to its unique ecological environment and higher biological efficiency. To examine the role of
mangrove forests in shrimp farming, this paper focuses on extensive and semi-intensive farms.
The total mangrove area in coastal areas and river mouths is approximately 100,000 ha,
distributed in Ca Mau (58,285 ha), Bac Lieu (4,142 ha), Soc Trang (2,943 ha), Tra Vinh (8,582 ha),
Ben Tre (7,153 ha), Kien Giang (322 ha), and Long An (400 ha) provinces. The Mekong Delta has 98
species of mangrove (e.g., Rhizophora apiculata, Kandelia obovata, Sonneratia caseolaris, Avicennia
alba), with R. apiculata more abundant than other species (Vu 2004). Recently, mangrove forests
have significantly been reduced because of conversion to agriculture and aquaculture, especially
shrimp farming. From 1980 to 1995, about 72,825 ha of mangrove area was converted at an annual
rate of 4,855 ha (approximately 5% per year). This loss in mangrove forest coverage led to the
instability of the ecological environment in the area.
A survey of extensive and semi-intensive shrimp producers was conducted in 2014 in
the Mekong River Delta to collect data for the estimation of equations (2), (3), (5), and (6). The
survey was conducted in communes of six coastal provinces in the south of Vietnam, including
Ben Tre, Soc Trang, Tra Vinh, Kien Giang, Ca Mau, and Bac Lieu. From these six provinces, eight
locations were selected according to how well the communes represented the six provinces and
6
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the various agro-ecological and socioeconomic zones. A total of 278 shrimp farms from the eight
communes in the south of Vietnam were selected (Table 1). The distribution of aquaculture farms
is shown in Figure 1. Each farm household was interviewed using a questionnaire of three parts—
general information about the respondent, his or her perception of mangroves, and respondent’s
aquaculture activities in 2014.
General information about shrimp farm households consisted of demographic information
(e.g., sex, age, education) of each member of the household and the management ability of the
decision maker (usually the head of the household) in terms of aquaculture activity, and years of
experience. In terms of perception of mangroves, respondents were asked about the situation of
mangroves in their area and the main reason for mangrove deforestation. They were also asked
about the role of mangrove forests in natural disasters as well as in supporting agro-economic
activities (e.g., storms, hurricanes, salt-water intrusion, water quality maintenance, and fish habitat).
In analyzing shrimp production, data on the inputs used in aquaculture (e.g., seed, chemicals, lime,
fish feed, and labor) were collected. Data on yield of each aquatic species were also collected for
a cultivation season. Due to the characteristics of extensive and semi-intensive shrimp farming,
the price of inputs could not be determined because almost all the inputs used in these ponds are
sourced from the natural environment.
For mangrove coverage and attributes, we used two proxies. One is the density of
mangrove trees in the area of the aquaculture farm (trees/100 m2) and the other is self-reported
coverage of mangrove forests as proportion of the aquaculture farm (%).

4.0 RESULTS AND DISCUSSION
4.1

Descriptive Statistics

In general, the degree of variation in the data sample is high. Most household heads
were male (95%) aged 50 years old on average (Table 2), which is consistent with the context of
south Vietnam. The number of schooling years was based on respondent’s actual total schooling
years, regardless of whether they stopped or did not finish a full year. The level of education of
farm managers is very low. Most household heads had an average of 5 years of schooling with 16
respondents having graduated from high school (12 years of schooling).
Apart from the characteristics of household heads and the physical inputs of mangrove
forests in shrimp farming, the production function for aquaculture farmers in the eight communes
was specified using data on inputs in a season: chemicals (mainly tuba root), lime, seed, feed,
and family and hired labor. In pond preparation, chemicals and lime are usually used in intensive

Table 1. Summary of the sample
Provinces

Districts

Number of Observations

Ben Tre

Ba Tri
Thanh Phu
Binh Dai
Duyen Hai
Tran De
Hoa Binh
Ngoc Hien
Kien Luong

32
22
38
39
12
56
62
17

Tra Vinh
Soc Trang
Bac Lieu
Ca Mau
Kien Giang

Mangrove and Shirmp Farming Profitability in the Mekong River Delta, Vietnam
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Variable
Output
Profit, measured by gross revenue minus total production cost (VND)
Output, measured by total value of output (VND)
Price of inputs and output
Output price, weighted average of all aquatic products (VND/kg)
Chemical price, calculated as weighted average of the price of lime and chemicals (VND/kg)
Seed price, calculated as weighted average of fry with consumed value as weight (VND/fry)
Labor price, cost per working hour of hired worker (VND/hour)
Inputs
Farm area, total farm area, including surface water area and mangrove area (m2)
Family labor, number of working hours of family workers (hours)
Hired labor, number of working hours of hired labor (hours)
Chemicals (kg)
Lime (kg)
Fry (number of individuals)
Feed (kg)
Dummy variables
Chemicals user (1 = used chemicals)
Lime users (1 = used lime)
Feed users (1 = used feed)
Family labor users (1= used family labor)
Hired labor (1 = used hired labor)
Management ability
Age, age of the decision maker in aquafarming (years)
Schooling years, number of years of schooling of decision maker in aquafarming (years)
Characteristics of mangroves
Mangrove ratio, percentage of mangrove forests in extensive and semi-intensive farms (%)
Mangrove density, number of mangrove trees in 100 m2 (# trees)

Table 2. Descriptive statistics of the variables in the sample data

0.7806
0.3273
0.2626
0.8129
0.2590
50.46403
5.946043
27.37356
71.1558

278
278
278
276

26,876.85 41,125.35
100.2399 219.939
25.78273 80.09251
199.7698 2847.401
201.9784 743.1246
1112273 1.50e+07
211.1655 994.9169

278
278
278
278
278
278
278
278
278
278
278
278

183,112.3 69,811.74
31261.27 27012.62
1,024.471 3,721.71
23,220.34 5,766.059

269
278
273
278

27.89861
133.329

11.50846
3.249099

0.4146
0.4701
0.4408
0.3906
0.4389

2.42e08
5.44e08

6.12e07
1.18e08

278
278

Std. Dev.

Mean

No. of Obs.

0
0

23
0

0
0
0
0
0

300
0
0
0
0
0
0

6,000
1,300
20
12,500

–1.88e09
0

100
900

83
17

1
1
1
1
1

600,000
1940
720
47500
9000
2.50e+08
14000

530,769.3
200,000
40,000
50,000

3.25e09
9.00e09

Minimum Maximum

Figure 1. Distribution of observed aquaculture farms
shrimp farming, but are not widely utilized in semi-intensive farms, with extensive farms not using
them altogether. Farms used an average of 200 kg of lime and 201 kg of chemicals in a season.
However, there were 61 farms that did not use chemicals and 187 farms that did not use lime
in their pond preparation. Hired and family labor in extensive and semi-intensive shrimp farms
is quite low at 100 hours and 25 hours, respectively, which is consistent with characteristics of
extensive and semi-intensive shrimp farms. To be specific, about half (50%) of the farms did not
use hired labor in their production process while a fourth (25%) used family labor. In addition,
as previously mentioned, almost all the inputs in the production process are from the natural
environment, even seed and feed. Meanwhile, only 78 shrimp farms used feed inputs with an
average of 211 kg of feed. Nonetheless, owing to the limited natural seed in recent years, almost all
farmers bought additional seed with an average of 11 million individuals and a maximum of 250
million individuals.
The average number of hours of family and hired labor is about 100 man-hours and 26
man-hours, respectively; which is low. Moreover, the total revenue of aquaculture was utilized as a
proxy of the output variable, with the minimum value and the maximum value at VND 0 and VND 9
billion. A few (3%) of the aquaculture farms did not harvest in 2014 owing to shrimp diseases.
The profit function for aquaculture farmers in this paper is specified by compulsory inputs
(i.e., input price and output price): price of chemical input (chemicals and lime), seed price, labor
price, and output price. To overcome the limited or absent price values of chemicals and lime
in extensive and semi-intensive shrimp farms, a representative price was employed, which was
computed as a weighted average of the price of lime and chemicals with consumed value as
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weight. The mean value of the chemical price is approximately VND 32,000 with a minimum of VND
1,300. On the other hand, four farms spent a maximum value of VND 200,000.
Many aquatic species, such as crab, catfish, blood cockle, and shrimp are cultured in
farms. In this case, not all species could be represented in the regression estimation. Thus,
a representative price for all aquatic products is used in this paper. Typically, the price of fry
and mean output price are approximately VND 1,024 per individual and VND 183,112 per kg,
respectively. The dependent variable of the short-run profit function used in this study is profit.
Shrimp farms made an average profit of approximately VND 61.2 million although 46 shrimp farms
declared a loss in 2014.
Other information collected included the characteristics of mangrove forests and the
shrimp farms, such as the ratio between the mangrove area, the total farm area, and the density
of mangrove trees in the farm. The average total area of shrimp farms, including mangroves and
surface water area, was 27,000 m2 but some farms were as small as 300 m2. The mean ratio of
mangroves within extensive and semi-intensive farms is 27.37 percent calculated by dividing the
mangrove area by the total farming area. One farm, however, had a 100 percent mangrove ratio,
which is a potential outlier in the sample.
4.2 		

Empirical Results
4.2.1

Estimates of the production function

Table 3 presents the OLS estimates with robust standard errors for the parameters of the
translog and Cobb-Douglas production functions. The model for both functional forms provides
crucial information for the relationship between mangrove coverage and revenue from aquatic
products in the condition of controlled commune-specific effects. Particularly, a U-shaped (or
an inverted U-shaped) relationship or N-shaped (or an inverted N-shaped) relationship are
seen. Results of tests on choice of functional form (Cobb-Douglas vs. translog) and presence of
mangrove effects on aquaculture production are shown in Table 5.
The regression results of the Cobb-Douglas and translog production functions show
that some inputs have significant impacts on aquaculture. Only in the Cobb-Douglas production
function are farm area and seed statistically significant, which is consistent with literature. In
the translog functional form, lime and feed are statistically significant in both the first-order and
second-order output effects. When combined with the significant effect of feed and lime uses in
extensive and semi-intensive shrimp farms, the output of shrimp farms with feed usage is better
than the other ones but opposite in lime use.
Proxies for management ability (i.e., age and number of years of schooling) have different
effects on revenue but are statistically significant in both functional forms. In either case, the
number of years of schooling has a positive impact (p<.01) while age does not. This indicates
that more education will improve management skills leading to improvement in the revenue of
aquaculture. This result, once again, supports the theory of production and empirical studies in
agronomics (Hurd 1994).
The density of mangrove trees and its interaction with mangrove ratio are positively
associated with aquaculture revenue in both models. Meanwhile, the relationship between
mangrove ratio and revenue in extensive and semi-intensive aquaculture farms seems to be an
inverted N-shape with a negative sign on the first and third power term and a positive sign on the
the square term. Figure 2 and Figure 3 illustrate predicted revenue for each value of mangrove
ratio. In both models, a reduction in mangrove coverage from 100 percent to 60 percent would
result in a considerable increase in output. However, further reduction in mangrove coverage
would result in a loss in output. Although there is a slight increase in output when mangrove
coverage is reduced by up to 15 percent, the change is not considerable. Thus, mangrove coverage
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has limited impact when the coverage is less than 60 percent, which implies that the most optimal
coverage is 60 percent.
4.2.2

Estimates of the profit function

Table 4 presents the regression results for the restricted linear and quadratic profit
functions, controlling for commune-specific effects. In the quadratic profit function, the
interaction terms between input price and output price were not included. Results show that
though individual input and output prices are not statistically significant, they have a statistically
significant impact on profit when considering the square term.
In terms of fixed inputs in both functional forms, family labor and farm area are positively
and significantly associated with aquaculture profit. Moreover, the management ability of the
farm manager has significant impacts on profit, but depending on each variable, the effect of farm
management ability differs. In particular, the effect of number of years of schooling on aquaculture
profit is positively and statistically significant (p<.01) in both linear and quadratic functional forms,
which means that farm operators who have higher education earn more. In contrast, the age of
the operator has a negative impact on profit in extensive and semi-intensive aquaculture farms.
A possible explanation for this may be that older operators have less management ability, which
adversely affect production.
In both models, mangrove coverage is statistically significant. Consistent with the results of
the production function, a reduction in mangrove coverage from 100 percent to about 60 percent
would result in an increase in profit in extensive and semi-intensive aquaculture farms. These
findings are also consistent with previous studies. The impacts of mangrove coverage on profit are
shown in Figure 6 and Figure 7. Graphically, the predicted value of profit tends to fluctuate highly
when mangrove coverage within farms goes to the extremes. In the same way, negative marginal
Table 3. Parameter estimates for Cobb-Douglas and translog production functions
Variables
Constant
Inputs
Farm area
Chemicals
Lime
Seed
Feed
Family labor
Hired labor
[Farm area]2
[Farm area *Chemicals]
[Farm area *Lime]
[Farm area *Seed]
[Farm area *Feed]
[Farm area *Family labor]
[Farm area *Hired labor]
[Chemicals]2
[Chemicals*Lime]

Cobb–Douglas

9.546***

Robust Std.
Error
1.406

0.296***
−0.0706
−0.0022
0.280***
0.0714
0.0232
0.0749

0.0879
0.0970
0.0936
0.0667
0.0635
0.0448
0.123

Coefficient

Translog
Robust Std.
Coefficient
Error
13.91**

6.941

−6.618
0.452
1.470**
0.102
−2.705***
0.398
0.172
0.0871
0.0722
0.0885***
−0.0439
0.0003
–0.0419
–0.105*
0.0145
–0.0202

1.112
0.880
0.692
0.794
0.932
0.671
1.282
0.0689
0.0686
0.0290
0.0664
0.010
0.0415
0.0556
0.0667
0.0250
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Table 3. (continued)
Variables
[Chemicals*Seed]
[Chemicals*Feed]
[Chemicals*Family labor]
[Chemicals*Hired labor]
[Lime]2
[Lime*Seed]
[Lime*Feed]
[Lime*Family labor]
[Lime*Hired family]
[Seed]2
[Seed*Feed]
[Seed*Family labor]
[Seed*Hired labor]
[Feed]2
[Feed*Family labor]
[Feed*Hired labor]
[Family labor]2
[Family labor*Hired labor]
[Hired labor]2
Dummy variables
Chemicals
Lime
Feed
Family labor
Hired labor
Mangrove variables
Mangrove ratio
[Mangrove ratio]2
[Mangrove ratio]3
Mangrove density
[Mangrove ratio*Mangrove density]
The management ability
Age
Schooling years
No. of Obs.
R–squared

Cobb–Douglas

Coefficient

0.204
0.202
–0.706
0.501**
–0.449
–0.0215
0.000788
–7.11e–06*
7.91e–05
4.30e–06

Robust Std.
Error

0.425
0.520
0.934
0.251
0.543
0.0180
0.0005
4.02e–06
0.0008
1.30e–05

–0.00393
0.00528
0.0616***
0.0179
263
0.392

Notes: *, **, and *** denote significance at p<.10, p<.05, and p>.01, respectively
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Translog
Robust Std.
Coefficient
Error
–0.0843**
–0.0025
0.0132
0.0665
–0.128**
–0.0361
–0.00202
–0.0195
–0.0114
0.0234
–0.00988
–0.0843
0.0133
0.108***
–0.0155*
–0.00251
0.0290
–0.000754
0.0625

0.0418
0.00905
0.0320
0.0502
0.0526
0.0235
0.00352
0.0172
0.0131
0.0315
0.0110
0.0295
0.0025
0.0313
0.008
0.005
0.0313
0.0249
0.0864

0.349
–4.666**
20.14***
0.548
0.709

0.728
1.840
6.384
0.360
1.354

–0.0268
0.00112**
–1.09e–05**
0.000311
1.65e–06

0.0195
0.0005
4.29e–06
0.0008
1.19e–05

–0.00390
0.0548***

0.00574
0.0189

263
0.509

Table 4. Parameter estimates for linear and quadratic profit functions
Variables
Constant
Price inputs
Output price
Chemical price
Seed price
Labor price
[Output price]2
[Chemical price]2
[Seed price]2
[Labor price]2
Fixed inputs
Family labor
Farm area
Management ability
Age
Schooling years
Mangrove variables
Mangrove ratio
[Mangrove ratio]2
[Mangrove ratio]3
Mangrove density
[Mangrove ratio*
Mangrove density]
No. Obs.
R–squared

Coefficient
5.115e+06

Linear
Robust Std. Err
4.100e+07

73.51
23.18
–2,646
793.7

Quadratic
Coefficient
Robust Std. Err
9.605e+07
8.347e+07

98.50
134.5
5,009
1,045

–589.3**
–621.4
2,427
1,572
0.00155**
0.0033
–0.851
–0.0164

312.3
595.9
13,272
5,548
0.000624
0.00263
2.936

28,176

58,322**
956.5***

27,254
333.3

57,427**
1,074***

–710,341
4.287e+06***

479,468
1.498e+06

–873,099*
3.745e+06***

–2.698e+06**
72,739*
–618.4*
1,903
597.3

1.246e+06
38,807
314.5
65,252
944.5

–2.783e+06**
76,179**
–655.6**
9,408
717.5

260
0.236

0.0867

325.6

479,205
1.415e+06

1.202e+06
37,720
307.7
63,580
950.7

260
0.264

15

14

15

16

Ln(output)

Ln(output)
16

17

17

18

18

Notes: *, **, and *** denote significance at p<.10, p<.05, and p>.01, respectively
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effect of mangrove coverage on profit occurs when mangrove coverage in shrimp farms are too
high or too low. On the other hand, predicted profit seems to be unchanged in the medium range
of mangrove coverage, so it is less noticeable than the ones in the production function.
4.2.3

Hypotheses testing

Table 5 presents the hypothesis tests on the choice of functional form and the effect of
mangrove coverage on shrimp farming profitability. The first statistical test determined the CobbDouglas and translog functional form for the production function and the linear and restricted
quadratic functional form for the short-run profit function. Test results indicate that the translog
production function and quadratic profit function are better. Moreover, the tests indicate that
mangrove density had no impact on productivity and profit. Finally, in all cases except the CobbTable 5. Hypotheses testing
Null hypothesis
No effect of mangrove ratio
F-statistic
Degrees of freedom
p-value
Decision

Production Function
Cobb-Douglas
Translog
1.08
4
0.366
Fail to reject

Profit Function
Linear
Linear Quadratic

3.23
4
0.013
Reject

No effects of mangrove density
F-statistic
0.34
0.40
Degrees of freedom
2
2
p-value
0.7151
0.6734
Decision
Fail to reject Fail to reject
No second-order and interaction output effects of inputs
LR
56.11
Degrees of freedom
28
p-value
0.0012
Decision
Reject

2.74
4
0.029
Reject

2.90
4
0.023
Reject

0.43
2
0.6499
Fail to reject

0.70
2
0.4998
Fail to reject
9.74
4
0.0450
Reject

Douglas production function, the likelihood ratio test rejects the null hypothesis that mangrove
coverage has no impact. In sum, mangrove coverage affects shrimp farming, while mangrove
density does not.

5.0 CONCLUDING REMARKS
This study was motivated by the weak enforcement of the conditions of the policy on
contracting mangrove forest management out to households. Under this policy, households
are assigned stewardship of mangrove forests and are allowed to convert part of the forest into
other uses, mostly shrimp farming. Because of weak enforcement, households actually convert
more than the allowable level of 40 percent in order to seek higher profits. As a result, the target
mangrove coverage is not achieved.
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Our analysis, using production and profit functions, shows that mangrove density has
no impact on shrimp farming but mangrove coverage affects productivity and profitability of
shrimp farming at the optimal mangrove coverage of approximately 60 percent. This implies that
maintaining the level of mangrove coverage at 60 percent does not only comply with policy, but
also brings about the highest level of output and profit for shrimp farmers.
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