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Abstract 
The main objective was to set up models of the soil-plant-atmosphere system for the growing 
of Grape Leaves with drip irrigation in the Binh Thuan Province, Vietnam. The computer 
software tool CoupModel was used in this modelling process. The focus of the model was the 
systems soil hydraulics and the water balance between its components. When running several 
21 years simulations it could be seen that slight variations in soil texture inputs resulted in 
relatively big output changes. For example, by either using the soil texture laboratory results 
or the soil water retention inputs gained from tensiometers and moisture meters in the field, 
gave an annual irrigation amount difference of 100 mm. However, it can be questioned if the 
models reached the goal of simulating an efficient irrigation schedule due to the soil 
evaporation output being high throughout the year.  For further research, longer time series of 
field measurements together with more knowledge about the plant would be preferable in 
order to validate and improve the model.  
 
Keywords: Minor Field Study, CoupModel, Drip irrigation, Soil-Plant-Atmosphere System, 
Vietnam, Grape Leaves, Hydrology. 
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Sammanfattning 
Målet med denna studie var att upprätta modeller över mark-växt-atmosfär-systemet i 
programmet CoupModel. Modellerna skulle anpassas för odlingen av vinblad med hjälp av 
droppbevattning i Binh Thuan-provinsen i Vietnam. Fokus i denna studie var vattenflöden 
och vattenbalansen mellan systemets komponenter. Efter att ha kört flera 21 år långa 
simuleringar var det tydligt att små variationer i indata resulterade i relativt stora skillnader i 
utdata. Om till exempel värden angående jordartens struktur erhållna från laboratoriet 
användes istället för fältmätningar från tensiometrar och fuktmätare blev det en årlig 
bevattningsskillnad på 100 mm. Det kan ifrågasättas huruvida målet att simulera en 
vatteneffektiv bevattning blev nått då jordavdunstningen var hög året runt. För vidare studier 
skulle längre tidsserier av fältmätningar tillsammans med mer kunskap om plantan vara 
nyttigt för att kunna validera och förbättra modellen. 
 
Nyckelord: Minor Field Study, CoupModel, Droppbevattning, Mark-växt-atmosfär-system, 
Vietnam, Vinblad, Hydrologi.  
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1 Introduction 
The United Nations Food and Agriculture Organisation, FAO (2012, a), have concluded 
freshwater shortages to be one of the greatest issues threatening a secure future food supply. 
International Water Management Institute, IWMI, and FAO (2009) is also pointing out that 
only with the improvement of water use in agriculture will humankind be able to meet the 
acute freshwater challenges over the coming 50 years. This makes Asia a highly relevant 
frame of reference, since the region contains 70 % of the world's irrigated area. According to 
IWMI it is estimated by experts that there will be 1.5 billion extra people living in Asia 
by 2050, doubling the demand for food and animal food crops. This fast growing population 
along with limited land and water resources makes it crucial to raise the yield and 
productivity of the already existing irrigation schemes. It is important that this development in 
irrigation is sustainable. This is why FAO (2012, b) is concluding that the need for reliable 
and systematic information on water use has never been greater, especially with the current 
rapid economic transformations in Southern and Eastern Asia.  
 
Furthermore, FAO (2012, a) is describing how many of the world's developing countries are 
faced with the challenge of experiencing an uneven access to water. This includes Vietnam 
and its agriculture. Binh Thuan is a very dry province in central Vietnam that has low annual 
rainfall distributed unequally over the year, which is causing problems for the local 
agriculture. The low amount of rainfall results in a high use of irrigation, necessary for the 
growth and therefore the regions economical income. At the same time, water is a scarce 
commodity, and the development of more water efficient techniques is essential. One of the 
most efficient techniques today is according to WWF (2007) drip irrigation where water is 
supplied directly to the plant at a slow rate, minimising the surface runoff and evaporation. It 
becomes important to understand the plant in question, the soil and the climate of the area in 
order to use this irrigation technique in the best way possible and optimising the amount 
supplied water. 
 
Grape Leaves is according to Hung (2012) a relatively low risk crop and suitable to grow in 
the dry areas such as the Binh Thuan Province. The plant is, in addition to this, possible to 
grow throughout the whole year in this region and could therefore be valuable and steady 
export revenue. Drip irrigation is a suitable irrigation method for this particular plant, but 
there is need for more study regarding water movements through sandy soils in this area, 
before a suitable irrigation schedule can be found. It becomes clear that this study topic is 
important from an economical, social as well as environmental perspective - which are all 
crucial in the movement towards a more sustainable development. 
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1.1  Literature overview  
Seen globally, the agricultural sector uses over 80 % of all freshwater resources and the 
volumes needed are often large and demanded during dry seasons. As have been seen before, 
high demand of water can put a strain on an ecosystem, risking an eventual collapse. 
Resulting not only in environmental problems, but also in economical and social since 
freshwater is essential for several parts of the society. In order to avoid these problems it is 
important to see water as a coherent system and freshwater as a renewable resource with finite 
nature, rather than separate parts that does not come affected by the usage. 
(Knutsson and Morfeldt, 2002)  

 1.1.1 The basics of hydrology 
Hydrology can be described as water transport and water occurrence, driven by natural or 
human influences. Water circulates and stores inside the hydrosphere, which is a sphere with 
an upper boundary at 15 kilometres into the atmosphere and a lower boundary at 1 kilometre 
into the lithosphere. Inside the hydrosphere, water occurs in different phases and take part in 
several processes, resulting in a hydrologic cycle, see Figure 1.1. The natural driving forces 
for the hydrologic cycle are energy from the sun and gravitation. The sun drives the 
evaporation process, where water evaporates from ground and water surfaces. Water can also 
evaporate through plants, a process called transpiration. Evaporation and transpiration are 
together called evapotranspiration and is the total amount of water that vaporizes. The vapour 
rises and eventually falls out as precipitation.  
 

 

Figure 1.1 The hydrologic cycle with its different processes 
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Water that precipitates over land can infiltrate, evaporate or run off. Infiltrated water can 
either percolate to the groundwater, or be taken up by plants. The groundwater and the surface 
run off water both flows with gravitation towards the sea. The hydrologic cycle has many 
systems within and even though water almost always is moving inside the cycle the velocity 
can differ greatly. Water can not disappear from the cycle; merely appear in different parts of 
the cycle and in different phases. This can be described by the water balance equation, see 
Equation (1.1). The components of the equation are; P for precipitation, E for 
evapotranspiration, R for runoff and ΔS for possible change in storage. Several authors 
describes the water balance and the hydrologic cycle, among them are Berndtsson (2006) and  
Eckersten et al (2002).  
 P = E + R + !S   (1.1) 

1.1.2 The soil-plant-atmosphere system 
Transportation of water within the soil-plant-atmosphere system is dependent on differences 
in energy states. The second law of thermodynamics states that two systems with different 
energy levels will, when interacting, reach a thermodynamic equilibrium and the entropy for 
the systems will be higher after interacting than it was before. Consequently water flows from 
places with higher energy to places with lower energy. The waters energy state is normally 
referred to as the water potential, which is the work needed to transport an amount of water 
from a reference state to another level or phase. According to Eckersten et al (2002) the most 
commonly used unit for thermodynamic water potential is energy per unit mass: joule per 
mole or joule per kilogram. For the soil-plant-atmosphere system the water potential is highly 
dependent of the force with which the water is bound to a medium. A stronger bound gives a 
lower water potential resulting in water flowing to those areas.  
 
Water potential in soil is the sum of the matrix potential, the gravitational potential and the 
osmosis potential. The matrix potential, also referred to as the matric potential, depends both 
on capillary forces as well as adsorptive forces (Sheng, 2004). The capillary force is an 
outcome of adhesion between water molecules and soil particles, as well as cohesion between 
the water molecules themselves. The adsorptive force is the attraction between the liquid and 
the particle, resulting in water covering the soil particles as a thin film. For the matrix 
potential the groundwater table serves as a reference state and is set to have a matrix potential 
at zero. In this study area it is convenient to regard the matrix potential below the table as 
positive and over the table as negative (Eckersten et al, 2002), see Figure 1.2. Fine-grained 
soils have a large specific area in contact with the water, therefore the attraction in fine-
grained soils is larger than in coarse-grained. Consequently the fine-grained soils can hold a 
larger amount of water at the same water potential than coarse-grained.  
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The gravitational potential in the soil has a reference level at the ground surface, where it is 
said to be zero. Below the surface the potential is negative, decreasing with depth. The 
gravitational potential results in downwards water movements. The third part of the soils total 
water potential, the osmosis potential, is a result of solutes (Borg, 2001). Separating water and 
solutes is an endothermic reaction; therefore the osmosis potential is negative. Water with a 
high concentration of solutes has a lower osmosis potential. The osmosis potential has low 
impact on the total water potential in areas with low salinity. However, it has a greater impact 
in areas where salinity is a problem, noticeably lowering the total water potential.  
 
 
 
 
 

Figure 1.2 The change in matrix potential correlated with depth and saturation.   
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The plants water potential is described by Eckersten et al (2002) to be the sum of pressure 
potential, osmosis potential, gravitational potential and turgor potential. The osmosis potential 
especially plays a large role for plants and their water transport. Osmosis is a result of 
diffusion; when two solutions with different concentration are separated by a semi-permeable 
membrane water will flow to the highest concentration, levelling the solutions. Normally the 
cell has a higher concentration of solutes than its surroundings. Therefore water molecules 
will transfer through the membrane into the cell. With pure water having a zero osmosis 
potential, the cell water with higher concentration will have negative osmosis potential. A 
result of the osmosis is an increasing volume of water inside the cell, leading to an increased 
pressure on the water from the cell walls (Hillel, 2003). This pressure is referred to as the 
turgor potential, and as it is directed from the cell walls to the water it is positive. The 
osmosis potential and the turgor potential have opposite directions, since the osmosis 
generates the turgor the sum of the two will always be negative or zero.   
 
Similar to the water and soil attraction, water will strongly bind to cell walls through 
adhesion. This creates a pressure referred to as the pressure potential, which according to 
Eckersten et al (2002) is playing a significant role only in the upper part since no air is present 
in the lower part of the plant. The gravitational potential works the same way as in the soil, 
the ground surface is said to be zero and the potential increases with the height of the plant. 
For smaller plants this potential can be neglected, but for taller plants it can play an important 
role for the total potential sum. Because of the variation of potentials magnitudes as well as 
different processes in different parts of the plants, it is important that the water inside the 
plant is consistent. Otherwise changes in water potential in one part would not affect the 
whole plant system. For a well-functioning plant this is not a problem; it is managed by 
cohesion between water molecules, adhesion between water and cell wall and cell structure of 
the plant.  
 
For the soil-plant-atmosphere system it is convenient to express the atmosphere’s energy level 
in terms of water potential, even though it is normally expressed in relative humidity. Relative 
humidity is defined as the ratio between the partial pressure and the saturation pressure of the 
water vapour (Eckersten et al, 2002). A high value means that the air is near saturation point 
and has a high content of water molecules. Vaporized water molecules have high kinetic 
energy, resulting in a high water potential for the saturated air. When the water condensates 
the water potential depends on gravity and pressure from surrounding air particles. 
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1.1.3 Unsaturated soils 
Unsaturated soils occur in the zone above the groundwater table. It is where infiltration, 
percolation, evaporation and the majority of water uptake from plant roots occur. An 
unsaturated soil is not a particular type of soil but rather a state of the soils water content. It 
can as described by Sheng (2004) be defined as a three-phase system, in contrast to the 
saturated state that is a two-phase system, with the main parts being air, water and soil. 
Research has for a long time focused on saturated soils and simply applied similar equations 
for unsaturated systems. This has however proven to be problematic as unsaturated soils 
displays differences regarding fundamental properties such as; changes in volume, shear 
strength and hydraulic behaviour that are all associated with changes in suction or saturation 
(Lu & Likos, 2004). Studying unsaturated soils is an interdisciplinary area; hydrology, 
mechanics and physics are some examples of subjects needed in the processes. Still much is 
unknown and there are many different takes on how to describe and regard the unsaturated 
soils.  
 
The waters energy state can, as mentioned in Chapter 1.1.2, be expressed as water potential, 
but when referring to unsaturated soils it is also common to talk about soil suction. Which in 
this case is the pore water potential in reference with free water. Free water is here defined as 
water without solutes, with no interaction with other phases and not being affected by any 
forces other than the gravitational. When using the term soil suction the preferred unit is 
according to Sheng (2004) pressure expressed in Pascal. The term suction head is also related 
to the potential and referrers to unit in head expressed in meter. Conversion between the three 
units can be expressed by Equation (1.2).  Where µ is potential, ψ is pressure, νw is the partial 
molar volume of water, h is head, ωw is the molecular weight of water and g is the 
gravitational acceleration (Lu & Likos, 2004).  
 
 µ =! "#W = h "g "$W   (1.2) 
 
Hydraulic behaviour of unsaturated soils depends largely on how the water potential varies 
with the degree of saturation, which is a highly unlinear function. It is commonly modelled as 
a soil water retention curve, SWRC, where the volumetric water content, θ, is displayed along 
the x-axis and the tension, ψ, along the y-axis. The water retention curve, and the changes in 
the matric potential, depends largely on soil texture, size, distribution and content. The unit 
for tension can vary; one that is frequently used is pF, which is the negative logarithm of the 
centimetre water head.  For the soil-plant-atmosphere system two points along the water 
retention curve are of special interest: pF 2 and pF 4.2, called field capacity and permanent 
wilting point. Up until pF 2 water can freely drain through the soil, but after pF 2 the binding 
forces are to great. After pF 4.2 the water is so strongly bound that plants no longer can take 
up any water from the soil.  (Eckersten et al, 2002) (Hillel, 2003) (Fredlund & Xing, 1994) 
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Several methods have been developed in order to describe the water retention function. 
According to Zhai and Rahardjo (2012) the variables of: air entry value, slope at the inflection 
point and residual water content, characterises the SWRC and are commonly used in many 
methods. Air-entry value is the matrix suction at which air enters the larger pores. The 
residual water content has many definitions; common for a majority of them is that the water 
content is discontinuous and spread along the surfaces of the particles as thin films. 
According to Vanapalli et al (1998) the authors Brookes and Corey defines the residual water 
content as the content where the suction reaches infinity. Another way to interpret the value is 
that residual water content is the content at which a large suction increase is needed to remove 
any more water. Mostly it is regarded as a fitting parameter instead of a value with physical 
meaning. Slope at the inflection point refers to the slope at the point at which it is maximum 
slope.  

1.1.4 Drip irrigation technique  
There are a great variety of different irrigation techniques used around the world. Which type 
is most suitable for a given situation is depending on a number of field location conditions, 
for example soil type, field inclination, climate, water quality and water access. Furthermore, 
the choice is also depending on what type of crop is to be grown since different types can 
have different water requirements. Labour force and economical means are also significant in 
the context. (WWF, 2007) 
 
Surface irrigation is by far the most common irrigation technique in the world. It is based on 
the principle of water being supplied through gravitation, for example with the field of crops 
being flooded. WWF (2007) is however describing how the quite different technique of drip 
irrigation is growing in popularity. A drip irrigation system consists of porous hoses laying 
along the plant rows in a crop field. Every hole or nozzle in the hose is placed right next to a 
plant, allowing the water to drip steadily and slowly precisely above the plants root zone. This 
slow pace, typically being 2 - 20 litres per hour according to WWF (2007), is decreasing the 
tendency for surface runoff and evaporation. For example, FAO (2013, a) is stating that 
surface irrigation has an indicative field application efficiency of 60 % whereas drip irrigation 
is up to 90 %.  
 
Looking specifically at Asia, drip irrigation is according to WWF (2007) still uncommon. But 
due to its high irrigation water efficiency and the increasing competition of fresh water it is 
growing in importance. Crops suited for drip irrigation are row crops, tree and vine crops 
planted in lines. Grape Leaves are hence included here since they are vine crops planted in 
straight lines. Every plant can then have its own hole or nozzle from the hose. Drip irrigation 
is also suitable for any slope, preferably with the plant lines and drip irrigation hoses placed 
along the contour lines. The technique is also suitable for most types of soils. Sandy soils 
require higher discharge rates than clay in order to make sure a sufficient lateral wetting of the 
soil. If the irrigation water is containing sediments it needs to be filtered before irrigation to 
prevent blockage of the small emitter holes. (FAO, 2013 b) 
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Drip irrigation systems can be automated since they often are permanent. Automating the 
system saves labour force but requires specialised skills at installation. Due to the systems 
design it is possible to apply water frequently, which is positive for the crop growth. 
However, daily watering often leads to shallow plant roots and therefore a more vulnerable 
plant. The technique is therefore well suited for high value crops that need frequent watering. 
Since the method only wets the part of the soil root zone above the plant the volume of wetted 
soil can be as low as 30 % compared to surface irrigation. This design leads to water savings 
in form of reductions in soil evaporation, surface runoff and deep percolation. It is important 
to notice that the amount of saved water depends more on the user and correct irrigation 
scheduling than the equipment itself. (FAO, 2013 b) 
 

1.2 Main objective and specific objectives 
The main objective of this study is to set up soil-water-atmosphere models for the growing of 
Grape Leaves with drip irrigation in the Binh Thuan Province, Vietnam. Modelling can be an 
important tool when it comes to understanding the behaviour of complex systems, which in 
this case would regard the water movement in soil. This knowledge is important in the 
process of moving towards a more sustainable drip irrigation, where the water use is 
minimised without reductions in the water use efficiency. 
 
A number of specific objectives have been determined to accomplish the main objective: 
1. To find the inputs needed in order to use CoupModel to simulate the soil water movement 
for this specific environment and plant. 
2. To find significant correlations between relevant parameters in the model.  
3. To clarify what insight to the soil-plant-atmosphere system the model simulations can 
provide for the Binh Thuan Province.  
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 2 Methods 
This study was conducted through a combination of field studies, laboratory results and 
computer modelling. Results from the field studies along with laboratory and climate data 
were used as inputs in CoupModel in order simulate the soil-water-atmosphere system 
especially adjusted to the Binh Thuan Province and growing of Grape Leaves.  

2.1 Site description 
The study site is a farm located on the countryside in the Binh Thuan Province, Vietnam, 
see Figure 2.1. Its geographical coordinates are 10º 47’ 18.77’’ North in latitude and 
107º 58’ 37.37’’ East in longitude and is 111 metres above sea level. Situated 5.4 km from the 
east coastline and 150 km from Ho Chi Minh City it has a total cropland area of about four 
hectares. This cropland is divided into two parts: one larger area on which the farmer is 
growing his crops and one smaller area with the main purpose of agricultural study. This 
study area has an installed drip irrigation system and 50 meter long rows of Grape Leave 
plants.  
 
 

 

 
 
 

Figure 2.1 A map of the south coast of Vietnam showing the study site, nearby weather 
station and Ho Chi Minh City. 
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The province, being one of the most arid ones in Vietnam, is particularly dry November to 
April. The water table is according to the farmer and Msc. Tran Thai Hung located deep into 
the ground. For example is a water-well on the farm said to have water at the depth of 
80 metres. The ground never freezes due to the hot climate and the soil is generally sandy and 
dry. Field area, plants and the drip irrigation system can be seen in Figure 2.2. 
 
 
 

 

 
 
 
 
 
 
 
 
 

 
Figure 2.2 Field area with 50 meter long rows, Grape Leaves and drip irrigation system. 
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2.2 Meteorological data 
Meteorological data correlating to the study site were conducted from a weather station 
located 20 kilometres away, near the coast in Phan Thiet in the Binh Thuan Province. The 
weather stations geographical coordinates are according to NOAA (2013) 10.933º North in 
latitude and 108.000º East in longitude with an elevation of five meters above sea level. Data 
used was daily values between the dates 1992-01-01 and 2012-12-31 of average temperature, 
precipitation, evaporation, relative humidity, duration of bright sunshine and average wind 
speed. A summary of the meteorological data can be seen in Table 2.1. The daily average 
temperature is relatively high with a median value of 27 ºC. The number of days without 
precipitation is also frequent, confirmed by the median value of precipitation on 
zero millimetres. Figure 2.3 is showing the seasonal precipitation pattern of the data, 
confirming the site description of a very dry period November to April. This makes irrigation 
essential during these months. As can be seen in Figure 2.4 the mean daily temperature is 
fairly even throughout the year staying within an interval of 5 ºC. The highest temperatures 
are found in April and May, coinciding with the end of the annual dry period.  
 

 
 

 
 Unit Min Max Median 

Precipitation mm/day 0 215 0 

Temperature ºC 21.6 31.8 27.1 

Relatively Humidity  % 54 97 80.3 

Duration of Bright Sunshine min 0 732 522 

Evaporation mm/day 0.5 3.8 3.6 

Wind Speed m/s 1 20 9.0 

 
Table 2.1 Summary of the meteorological data from the weather station in Phan Thiet. 
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Figure 2.3 Seasonal variation of the mean monthly precipitation. 

 

 
Figure 2.4 Seasonal variation of the mean daily temperature. 
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2.3 Field studies 
The objective for the field studies was to collect suitable data for modelling inputs and to see 
correlations between drip irrigation and soil hydraulic properties in the field. This was 
achieved by using tensiometers and moisture meters. The field studies were conducted for a 
period of sixteen days at the end of April 2013. A functional drip irrigation system was 
already installed upon arrival and the plants were fully-grown. The irrigation rows were 
50 meters long, with plants every 0.6 meter.  

2.3.1 Tensiometers 
A tensiometer is an instrument used for measuring tension in the unsaturated zone. The 
instrument is built as a pipe with a ceramic cup in the bottom, a vacuum dial gauge further up 
and a reservoir at the top, see Figure 2.5. When in use the pipe is filled with water and all air 
is removed, creating a vacuum. Water can flow in and out of the tensiometer through the 
pores of the ceramic cup.  This creates a balance with the surrounding water in the soil. Water 
will flow from high to low potential, so if the soil dries water will flow from the tensiometer 
and after precipitation or irrigation water will flow to the tensiometer. As water flows out, it 
creates a vacuum inside the tensiometer, which the vacuum dial gauge registers. When the 
water potential is the same in the soil as in the tensiometer, the value registered by the 
vacuum dial gauge is equal to the tension in the soil.  

 

 

 
Figure 2.5 Tensiometers installed in field. 
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Seven Jet Fill tensiometers were installed at three different locations. Two locations had two 
tensiometers each at the depth of 10 and 20 centimetres and one location had three 
tensiometers at 10, 20 and 30 centimetres. Prior to installation the tensiometers were filled 
with water and put in direct sunlight, allowing the ceramic cup to dry. They were then placed 
in a bucket of water overnight, allowing the ceramic cup to become fully saturated. The 
reservoir pump could remove the remaining air. During installation water was slowly poured 
into the installation holes, assuring a tight contact between the ceramic cup and the 
surrounding soil. The tensiometer readings could start 24 hours after installation, when the 
soil disturbance caused by installation was estimated to be back to normal. Readings were 
then done before and after every irrigation occasion. The only tensiometers used later on in 
CoupModel were however the ones possible to correlate to a number of moisture meter 
readings, described below.  

2.3.2 Moisture Meter   
An electronic moisture meter of the type HH2 Delta-T together with ThetaProbes was used in 
the field in order to measure the volumetric soil water content. The probes are, according to 
the user’s manual (Delta-T Devices Ltd, 2005), responding to changes in the apparent 
dielectric constant of the moist soil. The response is converted into a DC voltage, which is 
then finally converted to a volumetric soil moisture content in the HH2 Moisture Meter. The 
volumetric soil moisture content, being the ratio between the water volume and the total 
volume of the sample, is a dimensionless parameter expressed as a percentage. 
 
The moisture meter readings were made at six occasions. These readings were performed 
together with tensiometer readings at the same time, location and ground depth. For each 
occasion, the soil was freshly excavated to the proper depth and ten values were read in order 
to find their median moisture content value. The aim with these median values was to gain 
one representative value to correlate with each tensiometer reading. The excavation depth was 
held to the corresponding tensiometer depth minus five centimetres, since the ThetaProbes 
were five centimetres long.   

2.3.3 Infiltration test 
In order to study the infiltration process an area under two plants were excavated and rulers 
were placed in vertical and horizontal directions. Irrigation started at 10:32 and ended at 
12:44, when the horizontal diameter had reached a constant value. This diameter is the 
diameter for the surface area wetted by the drip irrigation and the soils capillary forces. 
Through the excavation the wetted volume underneath the surface were displayed, showing a 
shape similar to that of a cone. At the same time as the diameter were measured, the drip 
irrigation rate for the system was calculated. A container was placed underneath a drip outlet, 
measuring the distributed amount of water. Since the time of irrigation was known it was then 
possible to calculate the irrigation rate. All values from the infiltration test can be found in 
Appendix A.     
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2.4 Laboratory 
Soil samples were brought from the field study site to a laboratory belonging to the 
Geotechnical Engineering Department of the Southern Institute of Water Resources Research, 
Ho Chi Minh City. The soil samples represented two different depths: 0 – 20 centimetres and 
20 – 40 centimetres. Some of the samples were disturbed samples, and some were as 
undisturbed as possible. Undisturbed samples have the advantages of representing the actual 
soil structure in-situ, meaning that more tests regarding structure characteristics can be made. 
The laboratory staff conducted a number of experiments, the ones used in this study was the 
grain size distribution index, the saturation and the hydraulic conductivity. All the results can 
be found in Appendix B. 
 
The grain size distribution for the two different layers received from the laboratory can be 
found in Table 2.2. The grain size categories intervals differ from the ones requested in 
CoupModel and what is normally used in Sweden. This laboratory data was therefore 
adjusted into the categories found under Table 2.3. The hydraulic conductivity needed to be 
adjusted to desired unit. It was given as vertical and horizontal hydraulic conductivity, which 
can be calculated into a combined hydraulic conductivity by using Equation (2.1). Where K is 
the general hydraulic conductivity, Kh is the horizontal hydraulic conductivity and Kv is the 
vertical hydraulic conductivity.  
 
 
 K = 100,5!(logKh+logKv)   (2.1) 
 
 

 
 
 
 
 

Layer Sand [%] Silt [%] Clay [%] 

Coarse Medium Fine Coarse Fine 

 4.76  
– 2  

2  
– 0.85 

0.85  
– 0.425 

0.425  
– 0.25  

0.25  
– 0.106 

0.106  
– 0.075 

0.075  
– 0.01 

0.01  
– 0.005 

< 0.005 

1 – – 4.30 47.60 42.50 1.70 0.40 0.50 4.0 

2 – – 3.50 47.40 36.10 6.40 0.50 0.50 5.6 

 
Table 2.2 Grain size distribution index from the laboratory. 
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2.5 Computer simulations  
CoupModel is a computer software tool that can simulate the soil-plant-atmosphere system in 
a great variety of ways. Soil water processes, evapotranspiration, biotic fluxes and plant 
growth processes are a few examples of possible simulations. A one dimensional depth 
profile of the soil, being the basic structure of the model, is divided into a finite number of 
layers. The thickness and numbers of these layers depends on the specific simulations 
necessary requirements of accuracy, since there are no variations within the layers or the 
integration time step. The finite difference method is then used by the model to find the 
solutions, where these two following basic assumptions are being used for each layer and 
layer boundary: 
 

1) The law of conservation of mass and energy 
 

2) That flows occur due to gradients in temperature (Fourier’s law) or water potential 
(Darcy’s Law). 

 
 
The two basic principles are together building up the two coupled differential equations for 
water flow and heat flow and is the central part of the model. They can, depending on the 
specific needs of the current simulation, be solved together or separately. If separately, one of 
them is solved while the states of the other are kept at constant values during the whole 
simulation. (Kasmei, 2012) (Jansson & Karlberg, 2004)  
 
 
 
 
 
 

Layer Sand [%] Silt [%] Clay [%] 

  2 – 0.06 
  

0.06 – 0.002 < 0.002 

1 95.5 
 

0.5 4.0 

2 94 
 

0.4 5.6 

 
Table 2.3 Grain size distribution index used form modelling. 
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The inputs to the model are either parameter values or driving variables. The parameters are 
assigned a numerical value, each parameter corresponding to a particular property of the soil-
plant-atmosphere system. One example of this is the soil water retention curve, being one of 
many soil properties affecting the simulation. Driving variables are also numerical values but 
these are varying with time throughout the simulations. In CoupModel it is the meteorological 
data that makes up the driving variables and they are regulating the boundaries between the 
atmosphere and plant as well as the boundary between atmosphere and soil. 
(Jansson & Karlberg, 2004) 
 
In the same way the inputs are divided into single numerical values and time series can the 
outputs also be divided into these categories. The output time series of variables are 
representing individual layers in the soil and shows how the specific output is varying with 
the time step during the simulation. Examples of these output time series are temperature, 
water potential, storage of water and heat. A single variable output is on the other hand an 
accumulated single value after the finished simulation, for example accumulated surface 
runoff. (Jansson & Karlberg, 2004) 
 
During the modelling processes the model were set to run from 1992-01-01 00:00 to 2012-12-
31 00:00, with one output value for each day at 12.00 and the number of iterations were 
96 per day, see Figure 2.6. The focus of this project was the soil water processes, the plant 
processes and the irrigation, which inputs and characteristics are described in the following 
sections. All the inputs were inserted as daily mean values. Please see Appendix C for the 
setup values used in CoupModel. 
 

 

 
 
 
 
 

 
Figure 2.6 Setup values for the Run Info in CoupModel. 
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2.5.1 Soil profile 
According to Msc. Hung the roots has a depth of 15 centimetres. This effective root zone 
depth was also confirmed during the infiltration test described in Chapter 2.3.3. Because of 
the rather shallow root system was the deepest tensiometer and moisture meter measurements 
held at 30 centimetres. This resulted in a soil profile that was 40 centimetres in depth with 
two different textures as described under Chapter 2.4. The profile was divided into six layers 
with the first four layers being five centimetres thick and the two deepest ten centimetres, see 
Figure 2.7. The effective roots zone is therefore in the first three layers.  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Figure 2.7 The soil profile divided into six layers. 

 



Long-term modelling of the Soil-Plant-Atmosphere System 
 
 

 19 

2.5.2 Soil hydraulics 
In order to understand and calculate the water flow the water retention curve and the 
unsaturated hydraulic conductivity needed to be determined. The model was set to express the 
water retention function according to Brookes and Corey (1964), see Equation (2.2), where 
the actual tension, ψ, is defined with relation to the air-entry tension, ψa the pore size 
distribution index, λ, and the effective saturation Se. The effective saturation is in this case 
defined by Equation (2.3), where θ is the actual water content, θr the residual water content 
and θs the porosity. CoupModel can estimate the hydraulic properties for the functions either 
through soil texture, SWRC or by a fixed residual water content. If the residual water content 
is unknown, the model will estimate it through a number of iterations. 
(Jansson & Karlberg, 2004) 
 

 Se =
!
! a

"
#$

%
&'

()

  (2.2) 

 

 Se =
! "!r

! s "!r

  (2.3) 

 
Two simulations were made, one in which the water retention function was estimated from 
the soil texture values previously determined at the laboratory, see Chapter 2.4, and one that 
used values for the SWRC from the tensiometers and moisture meter values determined 
through the field work, see Chapter 2.3. Both simulations had unknown residual water 
content. Since the soil texture is not homogeneous through the soil profile, which can be seen 
in Chapter 2.4, it was divided into two parts corresponding to the different soil texture values. 
Each part had a specific water retention function. Values used for the estimations can be seen 
in Table 2.4 and 2.5. (Jansson & Karlberg, 2004) 
 

 
Soil Texture Simulation 

 
Sand content [%] 

 
Clay content [%] 

 
Saturation [%] 

 
Layer 1 

 
95 

 
4 

 
41 

 
Layer 2 

 
94 

 
5.6 

 
42.7 

 
 
 
 
 
 
 
 

 
Table 2.4 Values used for estimation of hydraulic properties for the Soil Texture Simulation.  
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The unsaturated hydraulic conductivity, kw

* , is calculated by CoupModel using 
Mualem (1976), see Equation (2.4). Where kmat is the total matrix conductivity, Se is the 
effective saturation, λ is the pore size distribution index and n is a parameter for flow path 
tortuosity and pore correlations. Since Brookes and Corey (1964) is used for calculation of the 
water retention curve, the function can also be expressed as Equation (2.5). The matrix 
conductivity is a function of the total saturated conductivity and expressed as Equation (2.6). 
Were ksat is the saturated hydraulic conductivity, hcom and hsans are parameters. The saturated 
hydraulic conductivity was measured in the laboratory, see Chapter 2.4, and is given as an 
input to CoupModel. Temperature is not taken into consideration for the water retention 
curve, but as the conductivity depends on water properties the temperature needs to be taken 
into account. (Jansson & Karlberg, 2004) 

 kw
* = kmat !Se

(n+2+ 2
"
)
  (2.4) 

 

 kw
* = kmat !

" a

"
#
$%

&
'(

2+(2+n))

  (2.5) 

 kmat = 10
(log ksat!loghcom )"hsens+log ksat   (2.6) 

 
SWRC Simulation 

 
Depth [cm] 

  
Pressure head 
[cm water] 

 
Water content 
[vol%]  

 
Layer 1 

 
10 

 
320 

 
8.2 

 
Layer 1 

 
20 

 
160 

 
7.2 

 
Layer 1 

 
10 

 
60 

 
19.7 

 
Layer 1 

 
20 

 
20 

 
18.9 

 
Layer 2 

 
30 

 
400 

 
8.4 

 
Layer 2 

 
20 

 
320 

 
8.2 

 
Layer 2 

 
30 

 
80 

 
16.5 

 
Layer 2 

 
20 

 
60 

 
19.7 

 
Table 2.5 Values gained from field measurements, used for estimation of hydraulic properties 
for the SWRC Simulation.  
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2.5.3 Plant physiology 
Plant physiology for Grapes Leaves were measured in field by Msc. Tran Thai Hung. The 
characteristics needed for CoupModel were: leaf area index, canopy height, root distribution 
and growing seasons, see Table 2.6. The leaf area index (LAI) is the total, one sided, area of 
all leafs per square meter ground; the unit can be seen as square meter per square meter. The 
canopy height is the height from the ground up to the top of the plant. For the root distribution 
both the depth of the roots and the fraction of roots in each layer is specified. The growth 
season for the Grapes Leaves in Vietnam are not definite, they can grow and be harvested all 
year around if irrigated during the dry season. The only time it is not possible to harvest is 
when the winds are too strong for the leaves to grow to full size. Instead the growth season 
can be seen as the time it takes for the leaves to grow big enough to be harvested, which is 
about ten days.      
 
 

  LAI 1.001 m2/m2 

Canopy height 1 m 

Root distribution 
  

Depth 
0 – 0.05 m 
0.05 – 0.10 m 
0.10 – 0.15 m 

Fraction 
0.1 
0.2 
0.7 

Growth season Harvest every 10th day 

 
 
The vegetation was represented as “explicit single big leaf” in CoupModel, which means that 
the potential transpiration and soil evaporation is separately accounted for and not only seen 
as a sum in potential evapotranspiration. The term “single big leaf” refers to the fact that the 
plants are not competing with each other. The plants are assumed not to grow, neither in 
height of the canopy nor in depth and length of the roots. Only the leaves, and thereby the 
LAI, changes with time. At day one the LAI is assumed to be zero and at day ten it is fully 
evolved, then it is harvested and the growing cycle restarts.    
 
 
 
 
 
 

 
Table 2.6 Plant physiology values used in CoupModel, gained from Msc. Tran Thai Hung. 
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2.5.4 Irrigation  
CoupModel was set to automatically control the irrigation schedule during the simulations. 
Time of irrigation is controlled by the actual soil water storage in in the layers belonging to 
the effective root zone. When the water amount is below a chosen lower critical limit, a 
specified volume of water is added directly to the layers. Meaning that no water is added to 
the surface, but directly into the soil. How much that is added into each layer depends on how 
the distribution coefficients are chosen. Both according to Kasmei (2012) and the infiltration 
test it is suitable to model the flow and storage layers from the drip irrigation as a cone. The 
shape comes from gravitational forces that create vertical flow and capillary forces for the 
horizontal flow. The surface area of the cone is equal to the wetted area from the infiltration 
experiment that correlates to the depth of the affected root zone. This gives the irrigation 
parameter “DripIrrigCover”. The distribution coefficients for each layer is calculated from the 
shape and size of the cone, see Figure 2.8. 

 

The critical limit and the added water amount come from calculations based on the Soil Water 
Retention Curve, SWRC. The available water for the plants is the amount between the wilting 
point and the field capacity. It was specified that the critical limit was when the water amount 
was half of the available water and the amount added would then be so that the soil reached it 
field capacity again, see Figure 2.9. Since the SWRC varies for the two different simulations 
the critical limit and water amount differs as well.  The drip irrigation rate is specific for the 
drip system used in the fieldwork and was calculated during the infiltration experiment 
described in Chapter 2.3.3. 

 
Figure 2.8 The modelled cone shaped irrigation volume and corresponding distribution 
coefficients.   
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2.5.5 Soil evaporation 
There are different options in CoupModel on how to calculate soil evaporation. One way is by 
the Penman-Monteith equation, which is based on the idea of calculating the latent heat flux, 
and thereby the evaporation, through the available energy at the ground surface. Another way 
is through iterative solutions based on the surface energy balance. The two simulations were 
at first set to use the Penman-Monteith equation since it is particularly suitable for 
calculations regarding water balances (Method 1). Secondly, in order to see differences 
between soil areas affected and not affected by drip irrigation, the energy balance method was 
used as well (Method 2). This second method is dividing the soil into two sections based on 
the irrigation parameter “DrippIrrigCover”. Meaning that Section 1 represents the fraction of 
wetted soil from drip irrigation and the remaining unaffected area is Section 2. 
(Jansson & Karlberg, 2004) 
 
 
 
 
 
 

 
Figure 2.9 Water amount for saturation, field capacity, wilting point and irrigation amount 
for the two simulations.   
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3 Results 
The following chapter displays the results from both the field study as well as the computer 
simulations. The results from the field study were also used as inputs in CoupModel. For 
results from the laboratory and infiltration test, please see Appendix A and Appendix B.  

3.1 Field study results 
Results obtained from the field studies at the study site in the Binh Thuan Province, Vietnam, 
are shown in Table 3.1 and 3.2. These tensiometer and corresponding moisture meter values 
are also used as inputs in the Soil Texture Simulation in CoupModel for determination of the 
measured soil tables retention curves. The measurements at depth 20 cm are included in both 
tables since it is the boundary of the measured soil layers. There is therefore only six different 
occasions of measurements included.   
 

 
 

 
 

Layer 1 (0-20 cm depth) 

Depth Pressure head [cm water] Volumetric moisture content [%] 

20 320 8.2 

10 160 7.2 

20 60 19.7 

10 20 18.9 

Layer 2 (20-30 cm depth) 

Depth Pressure head [cm water] Volumetric moisture content [%] 

30 400 8.4 

20 320 8.2 

30 80 16.5 

20 60 19.65 

Table 3.1 Pressure head and corresponding moisture content for Layer 1, 0-20 cm depth 

 

 
Table 3.2 Pressure head and corresponding moisture content for Layer 2, 20-30 cm depth 
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3.2 Simulation Results 
The first results obtained from CoupModel were the Soil Water Retention Curves for the two 
different simulations. Figure 3.1a and Figure 3.1b are showing the SWRCs. Figure 3.1a is 
showing the two SWRCs for the SWRC Simulations two measured soil hydraulic horizons. 
Figure 3.1b is showing the corresponding SWRCs from the Soil Texture Simulation. The 
retention curves representing the SWRC Simulation are based on the moisture meter and 
tensiometer values gained from the field, while the curves representing the 
Soil Texture Simulation are based on the two layers grain size distributions gained from the 
laboratory. All the curves are resulting in field capacities (at pF 2) between 10 % and 15 % 
water content. This means that there is a large amount of drainable water, which is typical for 
sandy soils. The permanent wilting point (pF 4.2) is only possible to read off the SWRCs 
representing the Soil Texture Simulation, which might be due to the fact that the wilting point 
value is based on the soils clay content. For Layer 1 this point is 3.8 % and for Layer 2 it is 
4.52 %.  
 

 
 
 
   
 
 
 

Figure 3.1 a Soil Water Retention Curves retained from the SWRC Simulation. On the left 
side is the SWRC for Layer 1 and at the right side for Layer 2. 
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Figure 3.1 b Soil Water Retention Curves retained from the Soil Texture Simulation. On the left 
side is the SWRC for Layer 1 and at the right side for Layer 2. 
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The following results are outputs from the SWRC Simulation and Soil Texture Simulation in 
CoupModel, based on the SWRCs seen above. Selected outputs and climate data are here 
being combined in order to show relevant correlations. A water balance equation of the 
accumulated outputs can be seen in detail in Table 3.3, and for a overview with its 
components see Figure 3.2 and as a summary see Figure 3.3. As can be seen the 
SWRC simulation has a higher accumulated irrigation amount and a higher soil evaporation 
and deep percolation, but a similar transpiration amount. There is no surface runoff for any of 
the simulations, showing that the whole amount of water input is either infiltrating the soil or 
evaporating.  
 

 
 

 

 
 
 
 
 

Components SWRC Simulation Soil Texture Simulation 

Irrigation (I) 506 385 

Precipitation (P) 1185 1185 

Total Input (I+P) 1691 1569 

Soil Evaporation (E) - 734 - 653 

Transpiration (T) - 261 - 256 

Surface Runoff (S) - 0 - 0 

Deep Percolation (DP) - 697 - 661 

Total Outputs (E + T + S + DP) -1692 - 1570 

Difference - 1 - 1 

Table 3.3 Mean yearly accumulated values from the simulations. Showing both the water 
balance components as well as the water balance state of the two simulations. 
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Figure 3.2 Overview of the water balance components for the two simulations.  

Figure 3.3 Summary of the water balance states for the two simulations.   
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The largest amounts of the simulated deep percolation are occurring during the wet months of 
the year when there is very little irrigation, which can be seen in Figure 3.4. This is indicating 
that the majority of the annual deep percolation is coming from the precipitation rather than 
the drip irrigation. The transpiration is fairly constant throughout the year, probably due to the 
fact that the plant has a constant growth of leaves that does not change over the year and 
neither does the plant itself. The soil evaporation is also rather even over the months, showing 
how there are almost as high amounts of evaporation as there is irrigation during the dry 
period of the year. In other words there are only a small amount of the supplied irrigated 
water that is running to the plant during these months.   
 

 

 
 
 
 
 
 
 
 
 
 

Figure 3.4 Mean monthly accumulated amounts of deep percolation, irrigation, transpiration, 
soil evaporation and precipitation for the SWRC Simulation.   
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For a comparison between the two simulations Figure 3.5 is showing how the monthly 
distribution of irrigation is constantly higher for the SWRC Simulation. Figure 3.6 is also 
showing how the SWRC Simulation is resulting in higher soil evaporation during the dry 
months of the year, while the potential ground evaporation is fairly equal for both 
simulations. This is because the potential ground evaporation is highly depending on the 
climate data, which is the same for both simulations. It can also be seen in Table 3.4 that the 
average number of irrigation days per month are constantly higher for the SWRC Simulation 
than for the Soil Texture Simulation.  
 
 

 
Figure 3.5 Monthly distribution of precipitation from the climate data and corresponding 
irrigation amount for both simulations   
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mm 
 
 
 
 
 

 
 

 
Rain days 

Irrigation days,  
Soil Texture Simulation 

Irrigation days,  
SWRC Simulation 

Jan 1 7 12 

Feb 1 8 13 

Mar 1 10 15 

Apr 4 8 12 

May 14 3 5 

Jun 14 1 3 

Jul 19 1 2 

Aug 19 1 2 

Sep 18 0 1 

Oct 13 1 3 

Nov 7 4 7 

Dec 4 6 10 

Figure 3.6 Monthly distribution of potential and actual soil evaporation for the two 
simulations.   

Table 3.4 Comparison between the monthly distributions of average number of days there is 
precipitation in the climate data and irrigation in the two simulations.   
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As can be seen in Figure 3.7a and Figure 3.7b there is a rather big difference for the two 
simulations total water content in the layers where the active root zone is located. Although 
the SWRC Simulation is requiring a higher drip irrigation amount it is also drier than the 
Soil Texture Simulation throughout the year. The third layer located on the depth 10 – 15 cm 
is experiencing a particularly low water content, especially during the dry months, which is 
because the majority of plant roots is estimated to be located here. Figure 3.8 is showing the 
monthly mean variations of total resistance for water flow from the bulk soil to the root 
surface of the plant. It is shown here that the Soil Texture Simulation is constantly 
experiencing a higher water flow resistance from the soil. 
 

 

 

Figure 3.7a The monthly distribution of total water content in the SWRC Simulations four top 
layers. 
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Figure 3.7b The monthly distribution of total water content in the Soil Texture Simulations four 
top layers. 

Figure 3.8 Mean monthly resistance for water flow from the bulk soil to the plants root surface  
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Regarding the water flow statistics between the different simulated soil layers it can be seen 
in Table 3.5a and Table 3.5b that the two simulations are similar. The water amount is 
generally greater for the SWRC Simulation. The median values are showing that the upward 
flows are more common than the downward flows for the layer boundaries at 5, 15 and 20 cm 
depth. However, the upward flows are very small in magnitude compared to the downward 
flows for all the layer boundaries. This is why the mean annual accumulated water flow 
amounts are strongly dominated by downward flows for all the layer boundaries.  

 

 
 
 
 

 
 

5 cm 10 cm 15 cm 20 cm 30 cm 40 cm,  
Deep 
Percolation 

Mean Annual 
Accumulated [mm] 

802 912 696 696 697 697 

Median [mm/day] -0.19 0.42 -0.02 -0.01 0.10 0.22 

Min [mm/day] -0.79 -0.05 -0.18 -0.06 0.00 0.01 

Max [mm/day] 201 189 173 162 138 115 

 
 

5 cm 10 cm 15 cm 20 cm 30 cm 40 cm, Deep 
Percolation 

Mean Annual 
Accumulated [mm] 

797 876 661 661 661 661 

Median [mm/day] -0.16 0.33 -0.04 -0.02 0.00 0.12 

Min [mm/day] -0.88 -0.27 -0.60 -0.29 -0.03 0.00 

Max [mm/day] 202 191 176 164 142 121 

Table 3.5a Statistics of water flow at different layer boundaries in the SWRC Simulation.   
 

Table 3.5b Statistics of water flow at different layer boundaries in the Soil Texture Simulation.   
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As described in Chapter 2.5.5 two different methods for simulating soil evaporation were 
used. All the results above were gained when using Method 1 (Penman-Monteith equation 
particularly suitable for water balances calculations). The results below were obtained through 
the simulations using Method 2 for soil evaporation (the Energy Balance Method especially 
suited for drip irrigation simulations). This second method is giving three soil evaporation 
outputs. One Total Soil Evaporation, corresponding to the soil evaporation obtained in 
Method 1. The other two outputs, Soil Evaporation 1 and Soil Evaporation 2, are showing 
how the soil is divided into two sections for this particular method. Soil Evaporation 1 is 
representing the soil section affected by drip irrigation and Soil Evaporation 2 is representing 
the soil section not affected by drip irrigation. Figure 3.9 is showing these three outputs 
together with soil evaporation of Method 1. It can be seen that Method 1 is resulting in higher 
soil evaporation throughout the year. The exception is January, where the section affected by 
drip irrigation (Section 1) in Method 2 is giving the greatest amount of soil evaporation. Soil 
Evaporation from Section 1 is constantly higher than the amount from Section 2, or equally 
for the months of very low irrigation.  
 

 

 
 
 
 
 
 

Figure 3.9 Mean monthly accumulated evaporation from Method 1 and Method 2.  
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Figure 3.10 is showing the water balance components resulting from Method 2. Compared to 
Figure 3.4 it is clear that Method 2 is resulting in a larger deep percolation and smaller soil 
evaporation during the wet months of the year. Method 2 is also resulting in a smaller 
irrigation amount. Figure 3.11 is showing that the mean days of irrigation per month is also 
less in Method 2 than in Method 1.  
 
 
 

 
 
 
 
 
 

Figure 3.10 Mean monthly accumulated amounts of deep percolation, irrigation, transpiration, 
soil evaporation and precipitation for Method 2.   
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Figure 3.11 Mean days of irrigation per month for Method 1 and Method 2. 
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4 Discussion 
Varying results were gained from the simulations and their different methods, indicating how 
different parameters relate to each other. In CoupModel it is easy to vary parameters in order 
to see how it reflects in the results. The two simulations based upon different soil properties 
can for example show how outcomes can vary largely with such relatively small input 
differences. A comparison between different simulations and reality is needed in order to 
understand the system as much as possible.         

4.1 Differences between the two simulations Soil Water Retention Curves 
From the results it can be seen that the SWRC Simulation requires a higher amount of 
irrigation than the Soil Texture Simulation. This can be explained by the SWRCs of the two 
simulations. The irrigation amount is based on the available water content, which for the 
SWRC Simulation is less than for the Soil Texture Simulation. Meaning that the 
Soil Texture Simulation can hold a larger amount of water at the same tension span as the 
SWRC Simulation. Therefore the SWRC Simulation needs to irrigate smaller amounts at a 
more frequent rate to avoid the critical limit, resulting in a higher accumulated irrigation 
amount over the year. Through the water balance it can be seen that the higher accumulated 
irrigation amount results as soil evaporation and deep percolation rather than transpiration. 
This indicates that the plant does not have need for the whole water amount that is distributed 
during the simulations, and that the leftover water either evaporate or percolate. Therefore, it 
is possible that a lower irrigation amount would affect other outputs than the plants 
transpiration. This could in fact indicate that a large amount of the irrigated water is wasted.  
 
The difference between the SWRCs of the two simulations is also leading to a different 
outcome regarding the water flow resistance between the soil and plant. The resistance is 
constantly higher in the Soil Texture Simulation than for the SWRC Simulation, generally the 
difference is greater during dry months. It can be seen that during these months the water 
content for the Soil Texture Simulation is around 7.5 % ± 1 % and the water content for 
SWRC Simulation is around 4 % ± 1 %. The corresponding pressure heads are for these 
values much higher in the Soil Texture Simulation (being close to the wilting point) than it is 
for the SWRC Simulation. So even though the curve generally is steeper in the 
SWRC Simulation, for this particular interval of low water content the pressure head is 
considerably higher in the Soil Texture Simulation. 
 
The resistance is generally higher during the dry months of the year, confirming how a greater 
pressure head also leads to higher water flow resistance. However, it is difficult to see a 
straightforward explanation in why the resistance peaks are in December for the 
SWRC Simulation and January for the Soil Texture Simulation, since these months are not 
the driest. One explanation could be that the mean monthly accumulated water content values 
do not correspond directly to each other as the real day to day outputs would. In other words, 
mean accumulated values do not show the spread or deviation of the parameter, which might 
influence the water flow resistance output. 
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The correlations between the resistance, water content and tension is important for irrigation 
scheduling since it becomes easy to see how the water content does not necessarily reveal the 
plants accessible water. Looking solemnly at water content can be a starting-point, but the 
situation is also highly depending on the type of soil and its soil water tension. This is why 
tensiometers in the field are so widely used. Normally, if one is using a tensiometer in the 
field as a irrigation scheduling tool, the irrigation starts when the tension is higher than a 
certain point. In CoupModel however, the irrigation starts when the modelled water content is 
below a certain point (more specifically, when it drops below 50 % of available water). This 
available water is in turn based on the soils field capacity and wilting point, two values which 
are directly connected to the soil tension. The model is therefore also taking in account the 
specific soils unique SWRC when simulating. When it is modelled that irrigation needs to 
take place the irrigation amount is always the same, determined by the irrigation amount 
parameter (also, being 50 % of available water). This is good since it is prohibiting that 
irrigation is continuing after the field capacity point is reached. It is probably the reason why 
so little irrigation seems to lead to deep percolation. 
 
In order to use this method in the field it would be necessary to find the correlating tension to 
this point of which 50 % of available water is gone. And after reading this with tensiometers 
the right amount could be irrigated. The method is however depending on that it is possible to 
irrigate as soon as this tension is reached, which is either depending on automatic systems or 
putting high demands on labour and may be time-consuming. Also, if only a few tensiometers 
are used in order to represent a large field of crops there is also always going to be faults due 
to the grounds heterogeneity.  

4.2 Changes in simulated soil evaporation 
As can be seen under results for the second soil evaporation method, this method has 
distinctly less soil evaporation. The soil evaporation output are split into two parts 
corresponding to the sections described under Chapter 2.5.5. Section 1 has throughout the 
simulation an equal or higher evaporation than Section 2, which is a result of a higher water 
amount in this part of the soil, due to irrigation. During the periods when no or very little 
irrigation is performed the evaporation is equal between the two sections. Which can be seen 
clearly during the rainy months.  
 
One big difference between Method 1 and Method 2 can however be seen during the wet 
months. Where Method 1 has an evaporation amount almost as high as during the dry months, 
Method 2 has a relatively decreasing evaporation amount. The irrigation amount differs some 
these months as well, but the difference in evaporation can mostly be balanced with a higher 
percolation for Method 2 during these wet months. It is hard to find a clear answer for this 
difference through the drip irrigation modelling. Presumably it is due to the fact that the soil 
evaporation for the two methods is calculated, not only with different soil sections, but also 
with different equations and approaches, see Chapter 2.5.5.   
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Under results it can also be seen that Method 2 results in less irrigations days than Method 1. 
Since the soil evaporation method is the only difference between them it is easily seen that the 
evaporation plays a major role for water usage, especially for a dry and warm area such as the 
Binh Thuan province. This makes the area well fitted for drip irrigation and the simulation 
using Method 2 more suitable. However, even if drip irrigation is used it can be seen in 
Figure 3.10 in Chapter 3.2 that soil evaporation can be as high as around 50 mm per month, 
compared to precipitation the same month at around 10 mm. This means that a lot of the 
irrigated water evaporates from the soil rather than being used by the plants. As mentioned 
before, this could indicate that too much water is irrigated each time; more than the plant has 
use of.  

4.3 Possible Simulation Faults 
Both simulations were based on parameters specific for the area; therefore possible faults with 
these parameters can come to play an important part for the simulation results. The 
Soil Texture Simulation possible problems are coming from the soil samples and laboratory 
work. The soil samples were taken from only one part of the field, which leads to a simulation 
with the assumption of a homogeneous soil texture. In reality an area is always more or less 
heterogeneous in its texture. For sandy soils, such as the one at the field, a homogeneous 
assumption is not as far reached as it can be for other soils. Even though, it is an assumption 
and samples collected from a more widespread area of the field could give a better image of 
the site than those collected at one small place. If more samples for some reasons were not 
possible to obtain, another approach could be to inspect the field a bit more carefully in order 
to detect possible texture changes, which could verify or disaffirm the assumption of 
homogeneity.   
 
Another difficulty is the collection and handling of the undisturbed samples. Some of the tests 
done at the laboratory requests sample with in-situ structure, for example the hydraulic 
conductivity and porosity tests. These characteristics are largely depending on volume and 
structure. If the soil is disturbed after collection these values can change considerable. The 
difficulties with collection of undisturbed samples vary depending on area, texture and site 
situations. The samples from the Binh Thuan field are, regarding to disturbances, difficult to 
handle. The soil has a high percentage of dry sand, which has a fragile structure. Therefore 
the value of hydraulic conductivity (that is directly used for simulations of matrix 
conductivity and unsaturated conductivity) and the porosity (which is a part of the 
determination of saturation) have both large uncertainties. Improvements regarding this 
source of error often means a development of the methods used when collecting and handling 
the samples. Performing several trials and tests, which are gradually evaluated to find the 
most convenient method possible, can for example do this. 
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After the laboratory work the results for the soil size distribution index were in different 
classes than the ones conventionally used in Sweden and in CoupModel. Therefore they were 
fitted to suit the model. This fit was made carefully, in attempt to change as little as possible, 
but of course it is a potential error. Since the wilting point is based solely on the percentage of 
clay, both simulations can be faulty regarding this value. These possible errors are then 
propagated through the simulations, since the wilting point is in this study a part of the 
calculation for the irrigation amount.       
 
Regarding the simulation based on the tensiometer values from the fieldwork, the largest 
possible error is the time of the measurement series. The fieldwork lasted for two weeks 
during the end of April. It took several attempts to install the seven tensiometers in the field, 
leaving only a short time for actual measurements, hence the few data collected. Similar to the 
soil samples, the tensiometers did only cover a small area of the field. For more reliable 
values more tensiometers covering the field for a longer measuring period is needed. It is 
possible to connect several tensiometers to a logger taking regular measurements over a 
longer time span, which could be a possible future data collection. However, tensiometers are 
expensive and the fieldwork would be more time consuming.  
 
During computer simulations the plants have been assumed to be constant, meaning no 
growth in either the canopy or in the roots. The only change for the plants have been for the 
leaves, which have been assumed to grow from sprouts to fully grown in ten days, and 
continuing to do so for the whole year. This assumption results in a very static plant which 
does not represent very well how a plant grows in nature. In order to improve the simulation 
more information and data for the plants are needed. Moreover, the water amount for 
irrigation has not been adjusted for the plants. Perhaps the plant does not need as much water 
as has been added. The amount has now been based on soil properties for available water, but 
available water only means that the plant can accommodate the water, not that it in fact needs 
it. Improvement can once again be made by more information regarding the plants, perhaps 
from the local farmers growing the Grape Leaves.  
 
Regarding the meteorological data being the driving variables in the simulations there are a 
number of potential errors. Since data were used from one weather station only there is a risk 
of systematical errors deriving from this particular stations measuring instruments and 
methods. For example, precipitation measurements can be done with more or less 
sophisticated instruments and methods. Generally it is more common that the measured 
precipitation is less than the actual precipitation due to aerodynamic errors. It is therefore 
common to use rain corrections on the data for preventing such underestimation. However, 
since information regarding the weather stations measurement instruments is missing such a 
precipitation correction was not used. For example, it is not known whether the used 
measuring gauge had a wind shelter or not. More importantly, since the main objective with 
the simulations are regarding irrigation, and not for example floodings, it was assessed that an 
underestimation of the precipitation was preferable to an overestimation.  
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Also, the weather station being located at the coast and close to sea level it is possible that the 
meteorological data is not exactly corresponding to the field sites conditions. The field site is 
located inland at a greater altitude, which is probably making a slight meteorological 
difference. Ideally the measurements of the meteorological data should be made at a reference 
height, information on whether that was the case is also missing.  

4.4 Modelling approaches  
Furthermore, the simulations are based on the meteorological data of the past 21 years. So 
how can they be useful when it comes to irrigation scheduling for the future? In other words, 
how does one turn the results based on past inputs to an irrigation schedule suited for the 
future? What is this modelling approach contributing with that cannot be obtained with 
automatic drip irrigation systems in the field governed by tensiometers? First of all, more 
information about the whole system can be gained this way. These simulations made will not 
tell the farmer on how to irrigate the crops tomorrow, but instead give a more general idea on 
how the seasonal changes in the meteorological data together with this sites particular soil is 
contributing to changes in needed irrigation. Secondly, the simulations give a general 
prediction in how much irrigation water a plant will need throughout the year which is 
important when it comes to planning water resource management for more than only one site.  
 
A model can also contribute with knowledge regarding patterns and how different parameters 
depends upon each other. This is important since a sustainable irrigation needs to minimise 
water usage without jeopardising the yield. As mentioned, it can not give an exact value of 
irrigation, but it can for example be seen how evaporation, percolation and transpiration relate 
to each other. This can lead the farmer into directions that would not have been considered 
otherwise. Another example of information that can be gained from the model but difficult to 
get from field studies is the way the water flows in the unsaturated soil layers. The model can 
show the flows of water between the soil layers in a very clear schematic way over a long 
period of time. However, the complexity of unsaturated soils is great, making even the best of 
models uncertain. Furthermore, experimenting with irrigation amounts and scheduling in the 
field can take years in order to get a proper result, which can be very costly and the farmer 
can lose several years of harvest. A model is easier to change and experiment with, by 
changing parameters different outcomes can be found without interfering with the farmers 
work. However it is important to not completely trust a model, it needs constant evaluation, 
critical thinking and comparison with the field.    
 
A number of improvements are assessed to be made for further usage of the model. Longer 
time series of field measurements with tensiometers and moisture meters at this particular site 
would be useful to validate the model. A validation would help clarify how to combine the 
Soil Texture Simulation and the SWRC Simulation to only one. However, in that case it 
would be important not to use the same tensiometer installations for the validation as for the 
inputs, since a potential error would then transmit through the whole process. A more simple 
way would be to validate the Soil Texture Simulation with long-term tensiometer 
measurements. 
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Since Binh Thuan is a dry area and climate change is risking to turn it even drier, it would 
also be interesting to let the irrigation, either the frequency or amount, be a limiting factor in 
the model. It would then be possible to estimate the irrigation schedule most favourable to the 
plant with this limited resource. A method like that would also indicate the sites and crops 
vulnerability, for example in the cases of drought or water supply technical break-down.  
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5 Conclusion 
Through the modelling processes, which had the objective to set up a soil-water-atmosphere 
model for the growing of Grape Leaves with drip irrigation in the Binh Thuan Province, it 
could be seen which area specific properties that has been important model inputs. These are: 

• A number of soil properties from field measurements and laboratory tests 
• 21 years of meteorological data from a weather station in the province 
• Facts about the drip irrigation system used at the farm.  

 
Small changes in these inputs resulted in relatively large output differences. This is especially 
evident for the two simulations based on different soil properties. Even though the properties 
are quite similar, the irrigation amount varies with more than 100 mm per year. Some 
information about Grape Leaves was found but more knowledge about the plant would be 
useful in order to create a more dynamical model regarding its health. 
 
Although the simulations were designed for the water efficient technique of drip irrigation 
there were still relatively high amount of soil evaporation, even during the dry months of the 
year. A conclusion from this is that the irrigation condition used in the model might be higher 
than the simulated plant had usage of, possibly resulting a waste of irrigation water. However, 
the models can provide an overall image of how the irrigation scheduling for this particular 
area and plant is differing throughout the year. For further usage of the model longer time 
series of field measurements are required in order to conduct model validations and 
improvements.  
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Appendix A   Field Measurements 
 
The measured values from the Infiltration Experiment described in Chapter 2.3.3 can be seen 
in Table i. The experiment was conducted April 22 2013 on two Grape Leave plants on the 
same crop row, here numbered 1 and 2.  
 
 
Table i Infiltration experiment results with the diameter and depths expressed in centimetres. 

Time Diameter 1 Depth 1 Diameter 2 Depth 2 
10:44 20 5 20 8 
10:54 20 6 21 10 
11:04 24 9 23 11 
11:14 26 12 26 18 
11:24 28 13 28 24 
11:34 29 15 30 25 
11:44 30 16 30 30 
11:54 21 25 30 32 
12:04 32 30 30 34 
12:14 33 31 30 35 
12:24 33 33 30 39 
12:34 33 35 30 40 
12:44 33 38 30 41 
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Appendix B   Laboratory Test Results 
 
The following figures are showing the received laboratory test results in their original state.  
 

 
Figure i Laboratory test results for the two soil layers from the field site. 
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Figure ii Grain Size Distribution Curve from laboratory tests on soil layer 1, 0 – 20 cm. 

 



 Bachelor Degree Project by Sara Andersson and Julia Cavell 
 

 IV 

 
Figure iii Grain Size Distribution curve from laboratory tests on soil layer 2, 20 – 40 cm. 
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Appendix C   Setups used for the simulations in CoupModel 
 
The following figures are showing the setup values in CoupModel differing from the default 
values. It can be read in the figure descriptions which 21 years simulations the different setups 
were applied for.  
 

Switches 

Switches:/ 

 
Figure iv Switches having other values than default ones, used for all of the simulations. 
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Parameters 

Parameters:/Meteorological Data 

 
Figure v Meteorological parameters used in all of the simulations.  

Parameters:/Irrigation 

 
Figure vi Irrigation parameters used in the SWRC Simulation.  

 

 
Figure vii Irrigation parameters used in the Soil Texture Simulation. 
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Tables  

Tables:/Irrigation 

 
Figure viii Irrigation table with the different layer depths and irrigation distribution 
coefficients used in all of the simulations. 

 

Tables :// Plant 

 
Figure ix Plant table with values for its above ground developments and root developments 
with time, used in all of the simulations.  



 Bachelor Degree Project by Sara Andersson and Julia Cavell 
 

 VIII 

 

Tables:/Soil Profile 

 
Figure x Soil Profile with its layer depths used in all of the simulations. 

 

Tables:/Soil Hydraulic 

 
Figure xi Soil hydraulic conductivity values of the two measured soil layers, used in all of the 
simulations. 

 

 
Figure xii Soil hydraulic conductivity values of the modelled horizons, used in all of the 
simulations. 
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Figure xiii Soil hydraulic Brooks-Corey values of the two measured soil layers, used in the 
SWRC Simulation. 

 

 
Figure xiv Soil hydraulic Brooks-Corey values of the modelled horizons, used in the 
SWRC Simulation. 

 

 
Figure xv Soil hydraulic Brooks-Corey values of the two measured soil layers, used in the 
Soil Texture Simulation. 

 

 
Figure xvi Soil hydraulic Brooks-Corey values of the modelled horizons, used in the 
Soil Texture Simulation. 

 


