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nd water salinity patterns similar 
to the ones used during the RPG sessions. This similarity is expected to convince farmers of the accuracy 

rest when requested to “validate” it by 
providing user feedback on its features and rules. Additional scenarios based on different sluice operators 

 risk and economic conditions were collectively simulated and assessed. 
 

 

Farmers and scientists can use Agent-Based Modeling (ABM) to better understand the complexity of rice 
d 

Asian and Pacific region shrimp aquaculture contributes about 87.4 percent of cultured penaeid shrimp to 
s have 

 Viet Nam. As 
 to 363,400 

ha in 2006, whereas shrimp farming area increased from 289,400 ha to 699,200 ha in the same period 

oncurrently 
 integration 
physical and 

   

ns among water 
alyzing 

odeling and policy analysis. A participatory modeling 
approach namely Companion Modeling (ComMod) (Bousquet and Trebuil, 2005) is applied. In the ComMod 

takeholders who are directly or indirectly using common resources are involved into the 
research process through participating in the Role Playing Games (RPG). Participants contribute to the 
collective design of the model discuss scenarios for exploring the use of common resources and associated 
environmental and economic impacts. Agent-Based Modeling (ABM) helps to analyze the interactions 
among numerous biophysical and social economic factors that affect land use decisions. Moreover, the 
research process helps support all stakeholders to share experiences in land use decisions and strengthen 
the adaptive management capacity of local communities.  
 
2. Model description 
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Abstract 
 
Shrimp aquaculture is e
Nevertheless, conflicts are arising between shrimp and rice farmers from environmental an
economic impacts of shrimp aquaculture. For example, shrimp farming encroaches upo
devoted to rice cultivation.  
This study aims at integrating and sharing knowledge about the rice-shrimp farming syste
province. Companion Modeling (ComMod) was used to involve stakeholders in the constructio
simulation model and discuss its outputs. The first stage of the modeling process consisted 
game (RPG) in which farmers from two villages in the pprovince recreated their farming dec
process revealed diverse water and land use strategies. In the second stage, Agent-B
used a subset of individual farming decisions to parameterize a generic model of integrated r
farming. The initial ABM scenario spatially generated production areas a

and value the ABM analysis and help create continued inte

decisions,
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and shrimp production systems and accelerate the collective improvements in their design an
management.  

 
1. Introduction 
 

global market (FAO, 2004). During the last decade, coastal zones of several Asian countrie
experienced significant conversions from rice to shrimp farms, including the Mekong Delta in
a consequence, traditional rice farming area in this delta decreased from 757,300 ha in 1995

(GSO, 2006).  
 
Bac Lieu province has experienced similar land conversion pressures. Rice and shrimp are c
produced as main sources of local people’s income generation (Hoanh et al, 2003). Degree of
between rice and shrimp farming rely upon farmer decisions based on interactions among bio
social economic factors. These interactions are often complex and difficult to understand. 
 
The research objectives are (i) to better understand land use decisions based on interactio
quality, risk perception and market price factors; and (ii) to provide a research process for an
decision making in land use that can be used for m

approach, all key s
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A conceptual model was collectively built based on available knowledge learnt from prev
land use changes in Bac Lieu province and a series of RPG conducted in 2006 and 2007 (
2007). The ABM was developed using the Common-pool Resour

ious studies on 
Dung et al., 

ce and Multi-Agent System (CORMAS) 
platform (Le Page et al., 2000) as presented in the following sections.   

These 
ehold’s size is 

ne to four hectares. Diversed patterns of 
rice-shrimp integrated, rice-shrimp integrated combining with fish and crab are main farming systems in 

Cell is the smallest unit that equals to 
0.5 ha. A number of cells are aggregated into a plot. A farm comprises of one to eight cells and covers 
from 0.5 to 4 ha of land. The weekly time step is applied in this study, and the simulation period can be 
run from one to five years, each year is from 1st January to 31st December. 
 

eam (left), 

 
2.2 Overview of model structure  
Three components of the model, the water, production and social modules, and their relationships are 
presented in a class diagram using Unified Modeling Language (UML) (Wuyts, 2004/2005) (Fig. 2). The 
water module is the core component of the model since it links the farm activities that is managed by the 
household in the social module with the plot that is occupies by the crop in the production module.   
 

 
2.1 Spatial-temporal setting 
The model is to involve households who are representative for farming actor in the province. 
include five and eight households in upstream and down stream villages, respectively. Hous
varied from 4 to seven members and the farm plots range from o

the study site. These elements are created as spatial setting in the model.  
 
Spatial setting is made of aggregated cells that represent different types of land uses as rice-shrimp plots, 
farm composing of plots and canal at the two villages (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Figure 1: Spatial setting represents different land use types at two villages, downstr

and upstream (right) in the study area  

 
 
Figure 2: Class diagram of model’s structure in UML. 
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2.3 Water module 
Water is a key factor to provide salinity seasonally for rice and other aquatic species to b
farms. It is built into a separate module in which  a super class en

e grown in the 
titled SpacePortion aggregates four 

c
• ttribute of the 

that controls the salinity in the 

•
•
• by plots, the farm can be considered as a core class where the crops in the 

production module are produced and the household in the social module can implement its 
egy. 

2
P ducts for 
in operation method are briefly described as follows:  
• p disease, 

ected by water 
d salinity degree.     

•  growing 
s been kept in 

•  attribute are 
ested. It can be stocked with a wide range of salinity 

either in dry or rainy season. 
an be combined into shrimp crop in brackish or fresh water condition. However, crab is 

tributes are 

 one single class of household, an active agent that would have a number of 
attributes and do several operation methods. Its main attributes are village code, farm size, income and 

er attributes to present inputs of labor and fertilizer in rice and shrimp production 
ity change in 

 produce 

 
2
At present the model simply includes only one active agent (the household) that can make decisions on 
crop production, but more active agents as sluice operator, middleman for buy products… will be added. 
The sequence activities performed in the model are as follows:  
• Setting salinity of water in the canal: monthly salinity is dependent on the sluice operation. In the 

model there are three patterns of salinity variations corresponding to three sluice operation schedules 
selected by the sluice operator and villagers living in the two villages (Figure 3).      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
• 

lasses of canal, village, farm and plot. The functions of these classes are:  
 Canal: carry water for rice crop and other aquatic species’ requirement. An important a

canal is the state (opened or closed) of sluice connected to the canal 
farm.   

 Village: contain the farm and the canal, two main spatial entities of the model.   
 Plot: where rice and other aquatic species are cultivated.  
 Farm: aggregated 

management strat
  

.4 Production module;  
roduction module is composed of four classes: shrimp, rice, fish and crab. These are the pro
come generation. Their key attributes and 

 Shrimp: the highest value product. Its main attributes are shrimp stock, risk of shrim
harvesting time, harvesting method (partial or full harvest). Shrimp’s attributes are aff
quality regarding timing an

 Rice: the second product in term of importance in the study area. Its main attributes are
duration and yield response to degree of salinization of the soil where saline water ha
dry season for shrimp culture. .  

 Fish: can be combined into shrimp or rice crops as an additional income source. Its main
fish stock and weight of individual to be harv

• Crab: crab c
more preferred to raise in down stream village of Phong Thanh. Similar to fish, its main at
crab stock and weight of individual to be harvested. 

 
2.5 Social module 
The module is composed of

cost for production. Oth
can be temporary ignored due to its minor contributions in decision making regarding salin
the model. Three key operation methods of farm are to initial the household income status, to
crops and to harvest products.   

.6 Sequence of activities 

Phong Thanh village Vinh Loc village
35

 

Figure 3: Saline water schemes by scenarios of three

Producing crops:  four major products and their timin
o Shrimp is the first crop started at the beginning of

usually in November in previous year, shrimp seed
with high inputs is not sustainable, hence not enco
farming with maximum density of 4 seeds per squ
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o Crab is the second crop started in a year, but only at Phong Thanh village near the sluice because 

or in fresh water 
ion, which is available mostly from June to December in both Phong Thanh and Vinh Loc 

rted after September annually when salinity is lower than 4 ppt. Rice is produced in 
the entire upstream village (Vinh Loc) whereas it is seldom practiced in the downstream village 
(Phong Thanh).  

 
 

 Phong Thanh village Vinh Loc village 

salinity of at least 5 ppt from 4 to 6 months is needed for crab growth.   
o Fish is the third crop to be considered in a year. Fish can be grown in low salinity 

condit
villages.  

o Rice crop is sta
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arming ca
 

Table 1: V and sed in the mo  mod
 

Module
-

te
Explanation Range of s t Source 

alues  source of parameters u dules of ABM el 

 
Attri
bu s  

 value Uni

0 - 2
Are Fa 0. ha Gallop et a

Shrimp density 10,000 ,000 
/ha 

– 40
Seeds 

Stock 
amou

0 ,000 
Seeds 
/ha 

Interview with farmers 
(2006) nt 

Crab density 20  – 1

Shrimp dead due t
disease 

30 % 

Rate of shrimp survived  - 72 % 65 val 
Rate of crab sur   50 - 80  % 
Weight of harvested 
shrimp 

2  0.02  – 0.067 Kg 

Weight of har  0.3 – 0.5  Kg  
Kg  
Kg  

(2007) 

 
Intervien 

 shrim  rice  fish  crab 
ndar in two vi  three di o

S: scenario p  

Salinity Water salinity  9 ppt CPWF PN#10  
Spatial a rm size of a household 5 - 4 l., 2003 

Risk 
o 

- 80 

Survi
rate vived  

Key Informant Interview 
(2006) 

Weight 
vested crab

Rice yield per ha 3,000 – 5,500 
Yield 

Fish yield per ha 500 – 1,000 

w with farmers 

Market price of shrimp 50,000 – 120,000 VND/kg http://www.vneconomy.vn 
(26/09/2006) 

Market price of rice 2,250 – 3,500 VND/kg (17
http://www.vneconomy.vn 

/11/2006) 

Market price of fish 4,000 – 6,000 VND/kg In
(20

 
Price terview with farmers 

07) 

 
Productio

Market price of crab 120,000 – 200,000 VND/kg Interview with farmers 
(2007) 

Note: 1 US$ is approximately equivalent to 16,000 VN in 2008. 
 
• Harvesting crops 

o Shrimp can be harvested after 14 weeks from stocking date. Shrimp survival rate is ranged from 
65% to 72% of initial population at harvesting time. However, there is a risk of 30% to 80% of 
shrimp died due to disease. There are two harvesting methods: (i) full harvesting (all shrimp are 
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e full 
Shrimp is a most valuable product in the study area 

 high, from 
 at a highest 

eks. Risk due to disease is minor. Fish yield can be varied from 
pular crop to 

December, 3.5 months after sowing. However, in Vinh Loc rice 
can be harvested later, up to January. Market price of rice is relatively stable, from 3,000 to 5,500 

ry data, group 
nge in each farm is 

land used 
players at 

 cost, price of 
turn and risk of shrimp disease, new operation methods attributed to the new active agents 

(sluice operator, middleman) are included into the model. These will be tested for analyzing more complex 
us scenarios such as variation in prices of products and of inputs for 

duction due to changes 
milar to what farmers were practiced during the RPG sessions. Various scenarios based 

on different sluice operations, risk perception and economic conditions could be collectively simulated and 
d use decision 

.  

r and Food. 
vince, Vietnam 
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harvested at one time), and (ii) partial harvesting (only big shrimp is harvested). Th
harvesting is applied by 20% of households. 
with price ranged from 50,000 to 120,000 VND/kg.  

o Crab can be harvested after 4 to 6 months from stocking date. Survival rate of crab is
50% to 80% of initial population. Depending on harvesting time, farmers can sell crab
price of 200,000 VND/kg.   

o Fish crop can last from 18 to 22 we
500 to 1,000 kg/ha, but price is not high, from 4,000 to 6,000 VND/kg. So, fish is a po
provide additional income to other crops. 

o Rice in Phong Thanh is harvested in 

VND/kg, depending on variety and quality. 
 
The model has been collectively built based on available knowledge collected from seconda
meeting with local stakeholders and RPGs with farmers. At each time step land use cha
displayed in the spatial interface (Figure 1). These changes are consistent with results of 
patterns under the two scenarios of early and late salinity intake into the system selected by 
the RPGs in 2006 and 2007. At present more technical parameters such as production
product re

land use decision under vario
production.  
 
3. Conclusions and perspective 
 
This ABM prototype can display the spatial settings and present the impacts on pro
in water salinity si

assessed by stakeholders. More active agents will be added to reflect the complexity in lan
in selecting production systems at two extremes of the canal with different salinity conditions
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