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ABSTRACT 

Growing rice is the main activity in northeast Thailand. 
Unpredictable droughts and coarse-textured soil are the 
principal constraints usually cited to explain the low yields 
and economic poverty of this region. Past studies tried to 
improve the drought tolerance of rice varieties and hydro-
logical functioning at the field level. How water is used at 
the farm level remains largely unknown. Consequently, it 
is relevant to understand the interactions between the wa-
ter-resource and water-use dynamics. This article proposes 
to develop a simulation tool based on multi-agent systems 
to explore adaptations of the rice cropping pattern to rain-
fall variability. An environment containing the main bio-
physical entities involved in decision-making rules for wa-
ter use is modeled and its hydrological functioning is 
verified. Preliminary simulations are run to illustrate the 
model capacities. The next step will consist of adding 
autonomous agents to simulate scenarios in which farmer 
agents may cooperate to use water. 

1 INTRODUCTION 

The northeastern region of Thailand is a large plateau on 
sandstone, which is usually characterized by poor soils and 
erratic rainfall. It covers one-third of the Kingdom and is 
home for a third of its total population. This region is the 
poorest of the country and a key rainfed lowland rice 
(RLR) growing area. Farmers practice RLR monocropping 
mostly in the wet season. A common feature across the 
rainfed production environment is uncertainty of water 
supply. 

Past efforts to alleviate water stress in RLR (crop im-
provement, irrigation, soil compaction, etc.) had limited 
effects. For the last 15 years, the construction of small on-
farm reservoirs seems  to be more successful in mitigating 
drought at the farm level and promoting diversification of 
agricultural production (Hungspreug 2001). Although wa-
ter availability has been improved, farmers do not seem to 
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fully use this opportunity to intensify agricultural produc-
tion. 

Research is needed to identify actual water needs in 
local farming systems based on the use of traditional RLR 
cultivars and to determine appropriate improvement path-
ways as farmers will probably continue to grow this type of 
RLR in the near future. An understanding of existing pat-
terns of water use and water users’ needs is required to im-
prove the current situation. 

This article describes the development of an agent-
based simulation tool relying on multi-agent systems 
(MAS) to explore adaptations of RLR cropping systems to 
rainfall variability. To do this, three complementary steps 
were followed: (1) identification of hydrological dynamics 
at the catchment level, (2) understanding farmers’ deci-
sion-making rules regarding water use in RLR, and (3) in-
tegrating both components into a multi-agent model to be 
used for simulating various future scenarios with stake-
holders. 

Later on, this model will be used to promote collective 
learning about water management across boundaries. The 
article presents the successive stages of the modeling proc-
ess, field studies , up to preliminary computer simulations 
to assess scenarios with farmers. 

2 WATER RESOURCES AND RLR IN 
NORTHEAST THAILAND 

More than 80% of the farmed area in northeast Thailand 
(NET) is used to grow RLR (OAE 2001). The cropping 
cycle starts with the beginning of the rainy season, in late 
April, when fields are still not flooded. Rice is  first seeded 
in nurseries near water sources so that complementary irri-
gation can be applied during dry spells. Approximately one 
month later, rice seedlings are transplanted in flooded 
fields after the water table has moved up and the rivers 
spread out in flooded plains. Paddy fields are usually har-
vested after rains have stopped and the land has drained. 
Therefore, this agroecosystem is characterized by a low 
water control and farmers have to adapt the crop calendar 
to unpredictable rainfall distributions. Their room for ma-
neuver for water management is very limited. 

This situation is made worse by disadvantageous natu-
ral conditions. The high rainfall variability causes succes-
sions of dry spells even during the rainy season. Water 
stress is aggravated by very coarse-textured soils with low 
water retention. This unfavorable natural environment is 
usually cited to explain the low paddy rice yields (ranging 
usually from 1.6 to 2.0 t ha-1) and the relative economic 
poverty of this region (Somrith 1997). 

Past agronomic research focused on improving rice 
varieties to increase their tolerance of drought (Singh et al 
1996). At the same time, government agencies imple-
mented water development pro jects to increase irrigated 
area and the availability of water resources at the farm and 

community levels. The results are not very satisfactory as 
most irrigation schemes have been underused and improp-
erly maintained. An important reason is that farmers did 
not actually participate in all stages of project development 
(Patamatamkul 2001). 

3 EXISTING MODELS: STATE OF THE ART 

Several models have also already been built to repre-
sent the biophysical environment of the RLR ecosystem. 
The RLRice, Rainfed Lowland Rice model (Fukai et al 
2000), simulates the growth of rice varieties according to 
the amount of water available. The ORYZA model (Bou-
man et al 2001) is made up of different modules that calcu-
late water deficiency according to soil, climate, and plant 
physiology. Other models propose spatial representations 
(Suzuki et al 2001, Kam et al 2001) that take into account 
hydrological conditions according to field position along 
the toposequence, or depend on the soil type and climatic 
conditions at the regional level. All these models have the 
same aim: to calculate the terms of a water balance to pre-
dict a level of water stress and related RLR yield loss. 
They were helpful in conceiving the structure of our own 
model. Nevertheless, the “water use” component was 
rarely considered in these past studies. 

The formalization of interactions between the water-
resource and water-use dynamics requires a model allo w-
ing the representation of the diversity of water uses and 
water access, as well as their determining parameters. 
Multi-agent systems (MAS) have proved to be particularly 
adapted to represent such dynamics in agroecosystems 
(Ferber 1999). We present hereunder some of their applica-
tions, with a focus on modeling hydrological structure and 
functioning. CATCHSCAPE (Becu et al 2001) is a MAS 
model to comprehend the conflicting interactions between 
upstream and downstream activities in an irrigated rice 
ecosystem of northern Thailand. At the field level, crop 
yield is calculated using a two reservoirs water balance 
model already validated and calibrated for northern Thai-
land catchments. SHADOC (Barreteau and Bousquet 
2000) is a MAS designed to explore the viability of irri-
gated systems in Senegal. At the field level, a water bal-
ance model calculates the water deficiency from which a 
yield loss is estimated. Ducrot et al (2003) articulate land 
and water dynamics with urbanization in a MAS to exa m-
ine the connections among the hydrological process, land-
use changes, and urbanization. The SINUSE model devel-
oped by Feuillette (2003) is based on a MAS to explore 
groundwater management in Tunisia. It is used to simulate 
interactions between water-table movements and water us-
ers with a special focus on economic and social interac-
tions. 

The development of all these MAS models included 
the analysis of social dynamics. Hydrological processes 
were extremely simplified as they were comparatively less 



Lacombe, et. al. 
 
important regarding the research question to be examined. 
Surveys conducted in the RLR ecosystem revealed that 
farmers’ adaptations to rainfall variability closely depend 
on access to water from various sources (ponded water in 
paddy fields, soil moisture, rivers, ponds, water table). The 
dynamics of these entities are closely interconnected at the 
sub-watershed scale. Consequently, in the case of collec-
tive water use in RLR catchments, the representation of 
water transfers from rainfall to sub-watershed outfall was 
considered of paramount importance in the model concep-
tualization. 

4 MATERIALS AND METHODS  

This research was carried out in the Lam Dom Yai water-
shed in southern Ubon Ratchathani Province (Fig. 1). 

150  km

Lam Dom Yai
river Huay Bua sub-

watershed

LAM  DOM  YAI AREA

Ubon RatchathaniLaos

Cambodia

Myanmar

Malaysia

Andaman Sea

THAILAND

Siam Gulf
North

Bangkok

 
Figure 1: Location of the study area in the Lam Dom Yai 
watershed of Ubon Ratchathani Province 

 
Considering that northeast Thailand is divided into 

micro -watersheds with similar socioeconomic and bio-
physical organizations (Khon Kaen University-Ford Crop-
ping Systems Project 1982), the Huay Bua sub-watershed 
was selected for this study as it is representative of the re-
gional diversity in hydrological processes, water access 
and water use. 

32 semi-structured interviews were conducted with 
farmers in early March 2003, during the dry season, in 
seven villages distributed across the study area. These vil-
lages were chosen according to their location along the to-
posequence and the selected sample of villagers aimed at 
covering the diversity of farm types and water access. In 
late May, a new field survey was conducted to fill some 
knowledge gaps (spatial density and dimensions of farm 
ponds), useful for the model conceptualization. 

A frequency analysis of rainfall (data not shown) 
based on data from several meteorological stations in Ubon 
Ratchathani Province was carried out to quantify the spa-

tial and temporal variability of rainfall, to assess its possi-
ble consequences for water management and to guide the 
implementation of the pattern of rainfall distribution in the 
model. 

The CORMAS (Co mmon-Pool Resources and Multi-
Agent Systems) platform was used to implement the model 
because its entities could be spatialized and represented on 
a metered grid, and because of the possibility it allows to 
model farmers’ decision-making rules regarding water use. 

4.1 Conceptualization of the model 

Three main water uses were identified: land preparation 
(April-May), supplementary irrigations of rice fields dur-
ing the early vegetative phase (June-July), and the irriga-
tion of vegetable crops in the first half of the dry season 
(December-February). The major factors involved in farm-
ers’ decision-making processes concerning water use were 
as follows: rice varieties (early or late-maturing types, for 
self-consumption or for sale, more or less tolerant to 
drought); the position of fields and ponds along the to-
posequence, which determines the accessibility to water 
resources; soil moisture; customs and religious events that 
may influence the cropping calendar. All these factors de-
termine the date, frequency, and location of water uses. 
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Figure 2: Main water uses and rice cropping pattern at the 
farm level in the Lam Dom Yai area of Ubon Ratchathani 
Province. 
 

The two main RLR varieties grown in this region are 
KDML 105 and RD 6; both are photosensitive varieties. 
KDML 105, a non-glutinous variety, is more tolerant to 
water stress, it is usually transplanted in the upper paddies. 
RD 6, a glutinous and also late-maturing variety mainly 
grown for family consumption is usually seeded in June, 
and is preferably transplanted in lower paddies (Fig. 2). 

Such an understanding of the spatial and temporal dis-
tribution of RLR helps when selecting the biophysical fac-
tors involved in decision-making that should be included in 
the model. Some of them vary (1) in space: accessibility to 
water resources, soil hydraulic properties, the position of 
fields, and sources of water along the toposequence; (2) in 
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time: rainfall, the quantity of water available, and soil 
moisture; and (3) in both time and space: rice varieties. A 
map displaying elevation, soil series, and the hydrographic 
network was used to determine the slope, the pattern of soil 
distribution, and the streams to be represented in the 
model. 

Suitable time steps and spatial units had to be defined. 
The time steps should be compatible with the water uses 
variability. Decisions on water use usually consist of 
choosing a date and a frequency of the use. This date can 
vary according to daily rainfall distribution or habits. Con-
sequently, a single-day time step was chosen. Because 
farmers’ decision-making criteria linked to water uses may 
vary among fields according to their location, soil charac-
teristics, and distance from a source of water, the RLR 
field was selected as the key spatial unit in the model. 

The size of the area represented in the model was de-
fined according to the total number of fields to be repre-
sented. As the surface of the entire Huay Bua watershed is 
11,250 ha, corresponding to some 140,625 fields, it was 
not convenient to represent all these fields in the model. 
The area represented in the model corresponds to 50 ha 
made up of 625 fields but the diversity of the fields’ spatial 
organization was retained. 

As several decisions concerning water use depend on 
distances between fields and reservoirs, attention had to be 
paid to this scale transfer. Average dimensions and stan-
dard deviation were calculated to determine the size and 
the spatial density of entities to be represented to create a 
realistic environment. The average distance between the 
fields and the river is artificially minimized and, in some 
cases where such distortion may affect the decisions linked 
to distance, this will have to be taken into account in the 
simulations. 

Another scale-transfer problem concerns the water-
table level, which is normally correlated to the total vol-
ume of rainwater received in the watershed. In the model, 
the surface receiving rain is smaller than the whole Huay 
Bua catchment. A correction coefficient was used during 
the model calibration to artificially increase the amount of 
rainwater percolating into the water table. 

4.2 Structure of the model 

The hydrological process represented in the model should 
involve all water entities (ponded water in paddy fields, 
soil moisture, water table, ponds and rivers) that may inter-
act with water uses and receive rain water. The model 
structure relies on hydrological entities: the ones supplying 
water (ponds, rivers, water-tables) and the entities consum-
ing water (RLR fields). These entities are organized into 
two layers: a first layer is made up of the water table and 
river entities. 
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Figure 3: First layer of the model spatial entities represent-
ing the water table and rivers 

 
The main horizontal water transfers (excepted for sur-

face runoff) occur at this layer level: Huay Bua River flow 
and water-tables drain into the river (Fig. 3). Because of 
data scarcity, water transfers between water-table tanks 
were neglected. 
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Figure 4: Structure and hydraulic functioning of the multi-
agent model 

 
This first layer is overlaid by a second layer made up 

of the RLR fields and the pond entities (Fig. 4). Each field 
is made up of a root-zone tank and a ponded-water tank. 
Ponds are made up of a single tank. The vertical water 
transfers occur at this layer level: rain falls into the ponds, 
the ponded-water tank, and the river tanks. The rain col-
lected in the ponded-water tanks seeps into the root-zone 
tanks and then percolates into the water-table tanks. 

 

RLR fields
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Rivers

 
Figure 5: The spatial entities as represented on the 
CORMAS grid (water-table entities not represented) 
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These model entities are represented on the CORMAS 
grid by cells aggregates (Fig. 5). 

The soil variability in northeast Thailand has been 
identified as an important factor that may interact with 
farmers’ decision – making regarding cropping patterns 
and water uses (Oberthür and Kam 2000). 
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Figure 6: Distribution of the soil series (a) on the soil map 
and (b) on their representation on the CORMAS grid 

 
To represent this variability, a map of the soil series 

was used (Fig 6a). Six soil series were identified in the 
Huay Bua watershed and one of these series is attributed to 
each cell of the grid (Fig. 6b). For each soil series, three 
hydraulic parameters were estimated or calculated using 
textural class equations and experimental measurements 
(Akatanakul 1985): the total porosity was used to deter-
mine the soil moisture of the rooting zone. The soil mois-
ture at field capacity was used to calculate the rates of per-
colation and evapotranspiration on a cultivated soil. 
Percolation stops when soil moisture of the root zone is be-
low the field capacity. Evapotranspiration is maximal when 
the root-zone soil moisture is superior to the field capacity. 
Saturated hydraulic conductivity was used to determine the 
maximum transfer for infiltration, percolation, and diffu-
sion (Tab. 1), (Lacombe 2003). 

 
Table 1: Hydraulic parameters used in the model 

Soil series and Tanks Soil 
porosity(cm3/cm3) Soil moisture at Field 

Capacity (cm3/cm3)

Saturated hydraulic 
conductivity (mm/j)

Korat
Root-zone tank 0.36 0.19 5,387
Water-table tank 0.40 1,379
Roi-Et
Root-zone tank 0.39 0.27 1,891
Water-table tank 0.39 1,83
Korat/Phon Phisai 
association
Root-zone tank 0.36 0.18 5,233
Water-table tank 0.43 509
Roi-Et/Phen
Root-zone tank 0.37 0.24 1,762
Water-table tank 0.37 1,714
Nam Phong
Root-zone tank 0.34 0.21 1,25
Water-table tank 0.38 1,25
Alluvial complex
Root-zone tank 0.36 0.22 3,104
Water-table tank 0.39 1,336  

Several decisions concerning the use of pond water 
depend on the volume available and the distance from the 
field to the reservoir. The diversity of possible situations 
regarding the location and size of fields and ponds is realis-
tically represented in the model. For each aggregate, the 
number of cells is determined to represent the actual rela-
tive variability in size of each entity (Fig. 5). Each pond 
tank is partially submerged in the water-table tank as dis-
played in Figure 4 and this structure determines the water 
level in the ponds after a hydrostatic equilibrium has been 
reached. This water level may vary between ponds accord-
ing to their respective locations along the virtual topose-
quence, as is also the case in reality. 

4.3 Verification and calibration of the model 

Model verification aims to control that each of the model 
entities is performing its functions properly. By choosing 
simple initial conditions, it is possible to observe the varia-
tion in water level and water transfer, inside and between 
tanks, and then to compare the model evolution with pre-
dictable behaviors. The verification is repeated for each en-
tity and each associated parameter. For example, one sim-
ple exercise consisted in verifying the functioning of water 
transfer between a ponded-water tank, initially full of wa-
ter, and its root-zone tank, initially set as dry (Fig. 7). 
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Figure 7: Verification of infiltration and percolation func-
tions in a simulated field level 
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Figure 8: Verification of the evapotranspiration function at 
the simulated field level 
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Another scenario was run to verify the evapotranspira-
tion function in the model. The ponded-water and root-
zone tanks were initially set as full and the percolation and 
rainfall transfers were inactivated (Fig. 8). 

After its verification, the model was calibrated. The 
model parameters such as water levels or water transfers 
should display realistic variations in time and space. The 
water table is the model entity for which the water-level 
variations are well known. Piezometric measurements 
made by Torii and Minami (1985) helped in calibrating 
this parameter by defining coefficients to adjust the varia-
tions in the water table calculated by the model. By modi-
fying the percolation and diffusion rate (water transfer 
from the water table to the river), it was possible to make 
the water-table level coherent with available empirical 
data. According to surveys, ponded water appears in RLR 
fields at the beginning of August and usually disappears in 
late October when rains stop. Infiltration and percolation 
transfers had to be calibrated so that the water level in the 
ponded-water tanks would follow these yearly variations 
with some spatial variability according to the field position 
along the toposequence and the soil type. 

 
Figure 9: Calibration of the water levels in the six water-
table tanks of the model 

 
Figure 9 shows the variations in water levels in the six 

water-table tanks of the model along the year. An initiali-
zation artifact consists in setting the water level at the same 
value for the six tanks at the beginning of each year. We 
assume that there is no hydrological linkage between years. 

5 EXPLORING SCENARIOS WITH 
SIMULATIONS  

Although we have chosen the MAS approach to create our 
model, it doesn’t include any autonomous agent able to 
make decisions yet. At the present stage, the decision-
making rules we wish to simulate need to be decided at the 
initialization of the model and they cannot evolve during 
the simulation. For this, two functions were created. The 
“irrigation” function takes water from the ponds or the riv-
ers and transfers it to the RLR fields or nurseries when 
their root-zone moisture content has dropped below a wa-
ter-stress threshold. As precise information on RLR wilting 
point in the Huay Bua watershed is not available, this value 

is arbitrarily set to field capacity. At each time step, the 
function “evaluate water stress” calculates the proportion 
of water-stressed fields that could not be watered because 
of insufficient water volume in the ponds or in the rivers or 
because they are located too far from these water sources. 
This function is based on a hydrological point of view and 
should be readjusted through validations. 

An important question concerns the assessment of the 
efficiency of these ponds to decrease the proportion of wa-
ter-stressed fields during dry spells. This efficiency can be 
estimated by comparing the proportion of water-stressed 
fields after running simulations with and without ponds. 
Scenarios were defined to analyze the sensitivity of pond 
efficiency to parameters that farmers can manipulate ac-
cording to their objectives related to rice sales or family 
consumption and cost and availability of the labor force. 
Such parameters could be the dates for early and late seed-
ing of their seedbeds or the number of days between these 
two sowing periods. 

It is possible to observe the variations in pond effi-
ciency and their correlations with these sowing dates (Fig. 
10a). Pond efficiency increases with the proportion of late-
seeded nurseries because the ponds have a limited capacity 
to store rainwater at the beginning of the rainy season, 
which is characterized by light rain showers, and they are 
more efficient later in the year. 
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Figure 10: Sensitivity analysis of on-farm pond efficiency 
according to variations in the proportion of early sowing of 
nurseries (A) and the duration between the two nursery 
seeding periods (B) 
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Figure 10b shows the effects of the duration of the pe-
riod between the two seeding dates on pond efficiency. For 
a period longer than two months, pond efficiency is maxi-
mum and stable. Below this threshold, the efficiency is 
limited by a too short period between sowings to allow 
ponds to refill. 

6 DISCUSSION AND CONCLUSIONS 

These simulations illustrate the dilemma that farmers have 
to face: early sowing and transplanting of RLR nurseries 
may be important for farmers who wish to sell a large 
share of their rice crop. At the same time, early sowing in-
creases the risk of drought, which occurs frequently in the 
early part of the wet season. These first simulations show 
possible uses of the simulator and indicate that the small 
on-farm ponds are an efficient infrastructure to reduce the 
natural risk in RLR production. These findings confirm the 
relevance of the Royal Thai Government led project on 
small-scale irrigation in this region. This project opens new 
avenues for the intensification of agricultural production 
and for increasing the local employment of family labor. 

The initial simulation results depend on parameters 
chosen during the model conceptualization. Their respec-
tive values were implemented in the model and corrected 
during the verification and calibration steps by relying on 
the “expert” knowledge of the modeler. These simulation 
results should be interpreted with care and must be further 
validated by presenting them to local farmers to assess 
their degree of correspondence with actual circumstances 
based on farmers’ experience. An increasing number of 
wells used for the irrigation of rice and vegetable crops 
were observed during the field surveys. This simulator 
could help to explore scenarios of change in the use of wa-
ter tables to evaluate the possible consequences of this 
emerging pattern of increased well irrigation. Compared to 
water storage in small ponds, the water table may be a 
more suitable source of water for irrigation, particularly at 
the beginning of the RLR cycle when rains are still light 
and the need for water is already important. One relevant 
topic to be explored with local communities would be the 
possibility of exploiting common water resources such as 
several large collective ponds that are currently undere x-
ploited. 

When dealing with water management, socioeconomic 
dynamics must be taken into account and examined in in-
teraction with biophysical ones. As the MAS offers an en-
vironment allo wing the insertion of autonomous farmer-
agent in the model, the next step in its implementation will 
consist in adding such agents making decisions regarding 
water use. This will allow the simulation of new scenarios 
in which farmer-agents could coordinate their actions and 
cooperate. Introducing different farmer-agents in the model 
will allow to model irrigation processes depending on indi-
vidual decisions based on stakeholders’ perceptions of the 

water dynamics rather than using irrigation functions im-
plemented by the modeler. 

A participatory modeling approach will be used to 
analyze stakeholders’ perceptions and to build a shared un-
derstanding of the water availability – water uses problem 
among them. Individual interviews, focused group discus-
sions, and various mediation tools, such as role-playing 
games (RPG) and MAS simulations, will be used toward 
this end. The MAS model will be transformed into a RPG 
to be played with farmers to help them understand how it 
works, and the simulated results will be verified by pre-
senting them to stakeholders. Simultaneously, new infor-
mation gathered during the RPG and follow-up discussions 
with farmers-players will be added into the model as part 
of its validation by the stakeholders. 
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