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ABSTRACT 
 
The purpose of this project is to model the rural utilization of groundwater and to study the 
consequent seawater intrusion in a coastal aquifer.     
 
In pursuing this goal, a conceptual model was created to relate crop water needs, and water 
consumption for domestic use, with seawater intrusion.  To simulate the aquifer the finite 
differences model "SHARP" was used, and for calculating the crop water needs, the model 
Cropwat for Windows 4.2 was used. In general, through the observation of the results, it was 
concluded that a relationship could be established between the pumping flows, the location of the 
wells, the number of wells, the drop of freshwater heads, and the movement of the interface. The 
use of the conceptual model presented in this study, allows one to monitor, control and create 
several scenarios of water extraction for irrigation in agriculture, while adapting to future 
situations. The modeling of the crop water needs allows one to estimate the consumption in an 
agricultural area where consumption data does not exist. Alternatively, it can be opted for the 
planning and construction of irrigation and drainage networks that facilitate the optimized use of 
withdrawals, without negative consequences for the aquifer. 
   
1. INTRODUCTION   
   
Groundwater excessive pumping in coastal areas can cause seawater intrusion in fresh water 
aquifers, contaminating reserves and deteriorating the underground reservoir. Damaging aquifers 
also affects the aquatic ecosystems in water lines and estuaries, which receive the water in 
inadequate amounts and quality [1].  
 
This project intends to model the groundwater consumptions used in agriculture, and to study the 
consequent saline intrusion in the aquifer of Mexilhoeira Grande, in Portimão. With this goal in 
mind, a conceptual model was created, in order to relate crops’ hydraulic needs, water 
consumption for domestic use, and forecast of agricultural soils’ utilization, with saline intrusion 
in coastal aquifers. For aquifer simulation, the finite differences model, SHARP [2], is used, and 
for calculating crop hydraulic needs the model Cropwat for Windows Version 4.2 [3] is used.    
   
2. METHODOLOGY   
   
In this section, we present the conceptual model adopted for the accomplishment of the project. 
The model’s organization is in a three level pyramid of information acquisition and results’ 
gathering. This was used to accomplish a data survey for introduction and achievement of 
results, which is essential for the database construction in a posterior application of the work at 
field. The use of the conceptual model allows one to obtain data and use it in two simulation 
models, thus achieving values for the volumes of groundwater withdrawal for irrigation and its 
effect on the displacement of the saline interface in a coastal aquifer.   
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2.1 - Representation of the conceptual model 
 
The general structure of the conceptual model is now shown (Figure 2.1.1). The structure is 
distributed in three levels: the first level of information acquisition is the most general, to which 
all the more specific information of the following levels will flow. 
  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.1.1 - Schematized structures of the conceptual model. 
   
In what follows, the description of each entity and its importance to the following entity are 
presented. For a more detailed description of each entity of data acquisition factors were used, 
which are tabled with the respective description. These tables are necessary to guide a data 
survey. Thus, for the information level I:   
The first necessary entity for beginning the project is the aquifer surface area (I.1). In this, 
factors are obtained that allow one to geographically locate the aquifer and to begin the whole 
work of information research, using this surface area as a starting point. The agricultural surface 
areas that capture water from the aquifer are then located.   
   
Table 2.1.1 - Factors and respective description necessary to the entity I.1 (Aquifer area)   

Factor Description
Aquifer Geographical Location of the aquifer 

Included Agricultural Area Agricultural Area that pumps water from the aquifer 
 
It is then important to identify and describe the information of agricultural surface areas (entity 
I.2), which pump from the aquifer in I.1. 
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Table 2.1.2 - Factors and respective description necessary to the entity I.2 (Agricultural Area)   
Factor Description 

Farm Identification of each farm with the respective surface area in hectares 
Name of the farm place Regarding the place to which the farm belongs or any geographical reference 

Catchment data System of tubes (or pipes), types of bombs, distance to the catchment zone 
Irrigation catchment type Catchment from riverside, hole, well, dam, etc 

Wells location Location coordinates of the wells, if they exist 

Wells Elevation of top of open interval of the well; 
Elevation of bottom of open interval of the well; 

 
It then becomes possible to outline the data acquisition for table I.3 – Catchment of Water. 
Starting from this entity, data related to the groundwater pumping is obtained through entities I.4 
and I.5. This allows its connection to entity R – Final Aquifer Reaction.  
 
Entity R – Final Aquifer Reaction – enables one to identify the pumping or injection effects of 
water on the intrusion of salted water in the aquifer. This is done through modelling of the 
aquifer starting from its characteristics (entity R.2) and groundwater catchment (entity I.3).  
 
In entity R.2, data is obtained relating to factors that characterize the aquifer, thus enabling its 
modelling.  
 
Table 2.1.3–Factors and necessary respective description to entity R.2 (characteristics of the 
aquifer)  

Factor  Description  
Conductivity  Hydraulic conductivity of aquifer freshwater 

Storage  Specific storage of fresh water; specific storage of salted water  
porosity Aquifer effective porosity 

Thickness  Aquifer thickness 
Head Initial fresh water head 

Interface  Initial interface elevations 
Leakage Leakage (K'/B') of overlying confining layer:  

Fixed head Fixed fresh water head above top confining layer in unconfined aquifers 
Confinement  Location of confined and not confined zones 

Recharge Recharge rate of the aquifer  
 
Entities I.4 and I.5 use data from information level II, which is described next:  
 
Entity II.a.6 refers to the information available in agricultural areas about water catchments. This 
can almost supply all the necessary information entity I.4 needs, if it has a reliable groundwater-
consumption control system.  
 
Table 2.1.4–Factors and respective description necessary to entity II.a.6 (available Information)  

Factor  Description  
Dates  Dates of data (Monthly and/or quarterly and/or Annual)  

Type of water catchment Riverside reception, hole, well, dam, etc  
Location of the catchment Location and coordinates of the reception  

Place of the catchment zone  Local or any geographical reference that can identify it  
Association manager of the catchment  Association identification (name / tel. fax / Address)  

Monthly data irrigation flows  Data of water catchment from the aquifer for irrigation 
Useful observations  Any useful observation for groundwater catchment for irrigation 

 
Entity II.a.4 supplies values of plants’ hydraulic needs in l/s/ha, for an agricultural area with 
several cultures. These values are obtained through modelling of the agricultural area using the 
program Cropwat, and input data coming from the entities II.a.1, II.a.2, II.a.3, II.a.5, and II.a.7.  
 
Entity II.a.1 supplies data concerning the cultures used in the agricultural area, obtained from 
entities III.a.1, III.a.2, III.a.3 and III.a.4.  
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Entity II.a.2 supplies climatic data obtained from entities III.b.1, III.b.2, III.b.3, there being two 
viable possibilities: if all factors in table 2.1.11 were to be introduced, the Cropwat program 
immediately calculates the reference evapotranspiration (ETo) the values of table 2.1.10 being 
unnecessary. Those values can, however, be used for comparison purposes. On the other hand, if 
the ETo values of table 2.1.10 were available, only the values of factor precipitation of table 
2.1.11 would be needed.  
 
Entity II.a.3 supplies data of the soil type of the agricultural zone, obtained from entities III.d.1, 
III.d.2, and III.d.3.  
 
Entity II.a.5 supplies the irrigation options used in each property or agricultural area. Those 
values and information are obtained from entities III.c.1, III.c.2, III.c.3, and III.c.4.  
 
Entity II.a.7 supplies conditioning factors of irrigation water needs per property, such as 
irrigation efficiency that influences total water pumped for irrigation, and the production of each 
culture per area and per period of agricultural use. This is also important for the forecast of 
future values. 
 
Table 2.1.5–Factors and respective description necessary to the entity II.a.7 (conditioning 
factors) 

Factor  Description  
Irrigation Effectiveness Effectiveness of the irrigation system, being 70% by default  

Production  Annual, semi-annual or monthly production of each culture in each exploration or 
agricultural area (no. cultures/hectare or only no. of cultivated hectares of each culture)  

 
Entity II.b.1 supplies data relative to the characteristics of the groundwater catchments for 
domestic purpose referring to tubing types, catchment flows and water-meter.  
  
Table 2.1.6–Factors and respective description necessary to entity II.b.1 (characteristics of the 
catchments)  

Factor  Description  
Date  Date regarding water catchment for domestic uses  

Catchment type  Type of water catchment (river, riverside, well, hole)  

Location of the reception  Location and coordinates of the reception for domestic ends  
(It can coincide eventually with irrigation withdrawal)  

Reference  Place to which belongs the reception zone  
Pumping data  Flows data (m3) pumped of the aquifers for domestic uses 

Characteristics of the bombs  All the information that can give an estimate of the consumption of water  
(Including energy consumption of the bombs)  

Useful observations  Any useful observation not referred about reception of underground water for domestic 
uses  

 
Entity II.b.2 supplies data of water consumption by the Public Water Services. These could be 
used to evaluate tendencies in domestic water consumption.  
 
Entity II.b.3 supplies all the information landowners supply on the relative habits of groundwater 
use.  
 
Entities II.a.1, II.a.2, II.a.3 and II.a.5 use data coming from level III entities, which are described 
next:  
 
In entity III.a.1, relative values of each plantation area are supplied, including the percentage of 
the area used for each culture.  
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Table 2.1.7–Factors and respective description necessary to entity III.a.1 (Plantation area (%))  

Factor  Description  
Dates referring to data  Dates referring to cultivation data (Monthly and/or quarterly and/or Annual e/ou)  

Crop Name  Identification of each culture on certain plantation area  
Area of each plantation  Percentage of the plantation area used for each culture on each farm  

Staggered in blocks  Division of the cultivation of each culture in different blocks (Staggering)  
Number of blocks  Number of blocks if there is staggering  

Time between plantation Time interval between planting of blocks (days)  
Day of the last planting Planting day of the last cultivated block (day/month) 
Day of the last harvest  Harvesting day of the last harvested block (day/month) 
Any useful observation Any useful observation for plantation area of cultures  

 
In entity III.a.2, any observations or useful comments about the plantations that have not been 
mentioned, are supplied.  
 
In entity III.a.3, data is supplied relating to the characterization of the culture; culture name and 
respective plantation date being generally sufficient, because there are several databases that 
characterize the crops.  
 
Table 2.1.8–Factors and respective description necessary to entity III.a.3 (Characteristics of the 
cultures)  

Factor  Description  
Crop Name  Identification of each crop in a plantation area  

Cultural coefficient Kc  For each culture in each growth stage  
Root Depth For each culture in each growth stage  

Depletion factor P  For each culture in each growth stage  
Culture Response Coefficient (Ky)  For each culture in each growth stage  

Duration of each stage  Duration of each crop growth stage,  
First cultivation day First cultivation day for each culture day/month  

 
Entity III.a.4 supplies the cultivation and harvesting dates for all cultures.  
 
Table 2.1.9–Factors and respective description necessary to the entity III.a.4 (cultivation data)  

Factor  Description  
First day of cultivation  First day of cultivation for each culture day/month  

First day of crop  First day of crop for each culture day/month  
 
In entity III.b.1 climatic data relative to the agricultural zone is supplied. This data, except for 
precipitation, is used for calculating reference Evapotranspiration (ETo). This way, if the values 
of entity III.b.3 exist, they are no longer necessary, with the exception of precipitation, or could 
simply be used for comparison of ETo values.  
 
Table 2.1.10–Factors and respective description necessary to entity III.b.3 (evapotranspiration 
ETo)  

Factor  Description  
Date of data (day/month)  Date regarding the evapotranspiration ETo (day/month) 

ETo (mm/day)  Measured Evapotranspiration 
 
In entity III.b.1, values of evapotranspiration measured on-site are supplied.  
 
Table 2.1.11–Factors and respective description necessary to the entity III.b.1 (climatic data)  

Factor  Description  
Date  Date of the climatic data (day/month)  

Name of meteorological station Identification of the station  
Maximum temperature  Temperature observed inside of interval (-30 to 60 ºC)  
Minimum temperature  Temperature observed inside of interval (-30 to 60 ºC)  
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Altitude  Altitude of the measurement zone  
Latitude  Latitude of the measurement zone (ºN ºS) -60 to 60th  

Longitude  Longitude of the measurement zone (ºE ºW) -180 to 180 º  
Precipitation  Precipitation (mm)  
Air humidity Air humidity percentage of the zone of measurement 0 to 100%  
Wind speed Wind speed of the measurement zone 0 to 1000 Km/d at a height of 2m 

Month of the climatic observation  Month for each of previous data 
Duration of solar day  Duration of the solar day during the measurement, 0 to 20 hours  

Any useful observation  Any useful observation about climate not mentioned  
 
In entities III.c.1, III.c.2, III.c.3, and III.c.4 several options are supplied relative to methods and 
options of irrigation, added by other observations thought to be important for irrigation.  
 
Table 2.1.12–Factors and respective description necessary to entity III.c.2 (Application time)  

Factor  Description  
Irrigate when a specified percentage (%) of readily soil moisture depletion occurs  
Irrigate when a specified percentage (%) of total soil moisture depletion occurs 

Irrigate when a specified soil moisture depletion occurs (mm) 
Irrigate at fixed intervals (days) 

Irrigate at variable intervals (user-defined) (days) 

Irrigation 
Options 

Another type irrigation time application  
 
Table 2.1.13–Factors and respective description necessary to entity III.c.3 (Beginning of 
irrigation)  

Factor  Description  
First day of cultivation  First day of cultivation for each culture (day/month)  

Specified date Date of the beginning of irrigation (day/month)  
 
Table 2.1.14–Factors and respective description to the entity III.c.4 (application Depth)  

Factor  Description  
Refill Refill to a specified percentage (%) of readily available moisture 
Depth  Irrigate at fixed depths (mm)  

Variable depth  Irrigate at variable depths (user-defined) (mm)  
Other Another irrigation application type  

 
Entities III.d.1, III.d.2 and III.d.3 supply information on soil with possible additional 
observations.  
 
Table 2.1.15–Factors and respective description necessary to the entity III.d.1 (soil Type)  

Factor  Description  
Heavy  Soil of heavy texture, usually, with a total available water of 180 mm/m 

Medium  Soil of medium texture, usually, with a total of available water of 140 mm/m 
Light  Soil of light texture, usually, with a total of available water of 100 mm/m  

 
Table 2.1.16–Factors and respective description necessary to the entity III.d.2 (soil data)  

Factor  Description  
Humidity  Total available humidity 0-300mm/m 

Infiltration  Maximum rate of rain infiltration 1-300 mm/m  
Depth  Maximum root depth (m)  

Decrease  Decrease of the initial soil humidity (% of the total available humidity)  
    
2.2– Forecast Strategies of Water Consumptions in Agriculture  
 
A forecasting strategy of water consumption for irrigation is essentially the calculation of future 
agricultural surface areas by culture type. This calculation can be done through three forecast 



 

  7/12 

methods: (1) expert opinion of land use trends and land capabilities, population projections, and 
local planning information obtained by regional administrations, hydrographical basins plans, 
irrigation schemes, regional water councils, water users’ associations, individual users (2) the 
regional culture market perspective, the CAP (common agricultural politics) production quotas 
attribution and its effect on the national distribution by the National Agriculture Administration 
and consequent regional distribution by the Regional Agriculture Administration, (3) the 
Regional Development Plan (RDP), that have developing projects in: traditional irrigated fields, 
new collective irrigated fields, rehabilitation of irrigation perimeters and the development of 
large irrigated fields [4,5,6].   
 
After obtaining the future agricultural areas for each culture by inquiry, this value can be 
introduced in the conceptual model in entity II.a.7 (conditioning factors) on table 2.1.5. And, if 
there is some change related to the irrigated fields, the water administration, or any other 
observation, these should be introduced in the model substituting the previous data factors.  
The forecast of data relative to the consumption of groundwater for domestic use always depends 
on the type of information supplied through direct inquiries in the field. If these are reliable and 
its values significant, when compared to the catchments of water for irrigation, the theory time 
series for future forecasts can eventually be used.  
 
In this way, the calculation of agricultural water consumptions values foreseen together with 
statistics and climatic tendencies for a given region, updated information about the aquifer 
characteristics can be introduced in the model. An approximate forecast is then obtained of the 
evolution of the saline interface and piezometric levels, for a period of time.  
 
3. APPLICATIONS  
 
The goal of this work was the modeling of groundwater consumption for agricultural use and the 
study of its effect on the movement of the saline interface in a coastal aquifer. Due to the 
impossibility of obtaining data on the intended region, it was decided to use data from two 
previous works. From these, all of the necessary data was derived to perform some simulations 
and to create possible scenarios [7,8].   
 
The simulated area of the aquifer was considered, on which different agricultural properties had 
been distributed with some aquifer water pumping scenarios and strategies.  
 
3.1 - Agriculture Characterization in the Area of Algarve  
 
Climatic Characterization:  
The main characteristic of the whole Algarve region, and what identifies it, is the Mediterranean 
climate type. That is: a dry season in the summer, with semi-aridity conditions, irregular 
precipitation, high evaporation, and great deficit of water, although strong rainfall can also 
happen occasionally. An altitude line to the North protects this area, the winter being quite mild. 
In the cold semester, solar radiation and sunstroke are quite high, reaching significant yearly 
values, consequence also of the weak nebulosity in the hot semester.  
 
Crop occupation:  
The crop occupation, adapted from a project study of an irrigation network execution [7] and 
from statistics data [9], has the following distribution: citrine 54%, vine plantation 4.6%, 
permanent pasture ground 4.2%, horticulture 28%, and growing on tilled ground crops 8.9%.  
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3.2– Definition of the Aquifer Area.  
 
The definition of the aquifer area used for the development of the modeling scenarios was 
adapted from a previous study [7]. This area was divided in a grid of square elements with 1 km 
sideways and with a dimension of 7 by 10 km. In Figure 3.2.1 the grid of the model established 
for the simulation of the aquifer is presented. The physical parameters necessary for the 
modeling process and for the simulation of the interface position that depend on the aquifer type 
whose study is intended were determined for each cell of the grid. In this case the aquifer is 
confined and the input parameters for the model are the following: effective porosity, freshwater 
hydraulic conductivity, aquifer thickness, fresh water head, salt water head, and specific storage. 
These values were taken from the same study.   
 

 
Figure 3.2.1– Model grid for the simulation of the aquifer in the Lagoa de Santo André area 

   
3.3– Scenarios’ Development 
 
For the application of the modeling and forecast system several scenarios were developed. For 
the development of these scenarios, an agricultural area of 100 hectares per landowner was 
supposed.  
 
The groundwater utilization for irrigation was calculated. This was made by the calculation of 
the crop water needs, using the program Cropwat, for nine agricultural properties by an 
adaptation of a real situation. The scenarios were developed for different property and water 
catchments’ locations, in a way that gives a brief representation of the possible real situations. It 
was assumed that the catchments were just used for irrigation, depreciating the domestic use. It 
was considered an irrigation efficiency of 70% and the losses by transport and infiltration were 
despised. The simulations were performed in a horizon corresponding to the dry months (April to 
September), when there is irrigation to satisfy the crop water needs. From the obtained data an 
average pumping flow, in m3/s, was calculated for the five months of irrigation. The simulation 
of the aquifer was accomplished for a period of five months.  
 
Afterwards, the different simulations will be described with scenarios for several combinations 
of the wells’ location on the grid (figure 3.2.1) and respective properties. The first scenario 
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(scenario 0) corresponds to an aquifer simulation situation, where the pumping of water is null, 
being useful as a comparison term for the following scenarios.  
 
In  scenario I, three wells were simulated, pumping in different locations from 1 to 2 Km of 
distance from the interface, each pumping being jointly performed by three properties, as can be 
verified in the following table:  
 
Table 3.3.1–Location of the wells in the grid, corresponding pumped flow and groups of 
properties that capture water by well for the scenario I  

Location of the well in 
the grid  Identification of the well  Pumped flow (m3/s)  Identification of the 

properties  

4-E  I 1.209 P1, P2, P3  
4-H  II  1.518 P4, P5, P6  
3-G  III  1.166 P7, P8, P9  

 
Scenario II was simulated in a similar way to scenario I, varying only the location of the wells on 
the grid, deviating them, from the previous position, about 1 Km away from the shore, as can be 
verified in the following table:  
 
Table 3.3.2–Location of the wells in the grid, corresponding pumped flow and groups of 
properties that capture water by well for the scenario II  

Location of the well in 
the grid  Identification of the well  Pumped flow (m3/s)  Identification of the 

properties  

3-E  I 1.209 P1, P2, P3  
3-H  II  1.518 P4, P5, P6  
2-G  III  1.166 P7, P8, P9  

 
Scenario III, was simulated in a different way from scenarios I and II. Each property was placed 
in a different position, the water catchment being performed by individual wells in each 
property, as can be seen from the following table: 
 
Table 3.3.3–Location of the wells in the grid, corresponding pumped flow and groups of 
properties that capture water by well for scenario III  

Location of the well in 
the grid  Identification of the well  Pumped flow (m3/s)  Identification of the 

properties  

2-B  I 0.475 P1  
2-C  II  0.362 P2  
2-H  III  0.373 P3  
2-G  IV  0.701 P4  
3-B  V 0.245 P5  
3-D  I SAW  0.572 P6  
3-F  VII  0.148 P7  
3-H  VIII  0.895 P8  

 
 
4. RESULTS  
 
Through the model application, results were obtained in terms of freshwater head and interface 
elevation, measured in relation to sea level, and of the saline intrusion, after reaching the 
stationary state. From these, several scenarios were developed, through which one can evaluate 
the aquifer response in different situations.  
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Figure 4.1– Seawater intrusion verified along the grid, for the initial situation without pumping. 
 
The following figure refers to the first scenario (Scenario 1) where there is catchment of water as 
shown in table 3.3.1.  

Figure 4.2– Saltwater Intrusion verified along the grid, for scenario I. 
 
Through the comparison of figures 4.1 and 4.2 it can be verified that there was saltwater 
intrusion in the aquifer, since the interface toe moved forward in the grid, to location 4-G.  
 
This phenomenon can be explained by the fact that the pumping of the three wells at the same 
time has caused a reduction in the flow of fresh water in the direction of the sea, allowing the 
dislocation of the interface inland caused by the salt water inward pressure, which results in 
saltwater intrusion in the aquifer.  
 
The next figure refers to the second scenario (Scenario II), where water catchment is performed 
according to table 3.3.2.  

Figure 4.3–Saltwater Intrusion verified along the grid, for scenario II. 
 
As can be verified through the figure 4.3, there was not saline intrusion. This phenomenon can 
be explained by the decrease of the freshwater heads, which have only happened upstream of the 
wells and in locations more distant from the interface, relatively to the previous scenario. Thus, 
the freshwater flow in the direction of the sea was practically not altered during the simulation 
period, above all in the interval between the location of the wells and the location of the 
interface.  
 
The next figure refers to the third scenario (Scenario III) where there is catchment of water as 
described in table 3.3.3.  
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Figure 4.4– Saltwater Intrusion verified along the grid, for scenario III. 
 
It was also verified, when compared with scenario II, that the use of a larger number of wells, 
having each one a smaller pumping flow, causes a larger interface elevation and a consequent 
saline intrusion (figure 4.4), in spite of the distance of the interface to the catchment zone, as 
compared to when grouping the pumping by wells.  
 
5. CONCLUSIONS AND FUTURE ORIENTATION  
 
Through the results’ analysis, it can be concluded that setting the wells inland significantly 
affects the saline intrusion. That is because, in the first two scenarios, in spite of existing nine 
agricultural properties pumping the same water flow of water per well, this new inland setting 
kept the interface from progressing. Thus, it could be concluded that it would be enough to move 
the catchment zones away from the interface position, preventing it from moving upward. 
However, in another situation (scenario III) in which the total flow is smaller, once it has one 
less agricultural property and the catchments are even more distant from the interface, it is 
verified that the interface moved inland, causing saline intrusion. Thus, it could also be 
concluded that the individual pumping of several wells, distant one from another, can also cause 
saline intrusion, thwarting the previous supposition.  
 
In a general way, it was verified, through the results observation, that there exists a relationship 
between the pumping flows, the location of the wells, and the number of wells, the heads 
decrease, and the movement of the interface.  
 
According to Catarina Diamantino [7], the used grid has cells of relatively large dimensions due 
to the existence of an insufficient and dispersed amount of input data. Through some 
simulations, in which the time was increased, it was verified that the interface stayed indefinitely 
in the intrusion position reached in the scenarios presented in this work. This way, it can be 
concluded that the grid cells are too large, causing, during the simulation, an oscillation of the 
interface position inside of the cells, resulting in an undefined real position. Thus, according to 
Diamantino, the starting point for a future study should include the execution of a monitoring 
network that includes the construction drill holes closer of the coast line, where piezometric 
readings and chemical analysis are performed periodically.  
 
The use of the conceptual model presented in this study, allows one to monitor, control, and 
create several scenarios of water catchment for irrigation in agriculture, to foresee future 
situations using the following input data: the forecast of the agricultural production, per area, per 
culture type; the foreseen use of agricultural lands, the several parameters necessary to model the 
aquifer, and interactions among the fresh water and salt water domains. The results of the 
interface position are then obtained and the respective elevation and heads, indicative of the 
aquifer behavior as a function of the volume and position of the water catchments.  
 
The modeling of the crop water needs allows one to calculate the consumption of an agricultural 
area where consumption data doesn't exist, although this is inferior to the real one in many cases, 
due to the lack of measurement equipment in the catchment zone.  
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Sometimes, according to information from irrigation associations, the agricultural areas use the 
association’s provided waters whose flow is controlled. In these areas, it is usual to compensate 
irrigation, at certain schedules, with groundwater without flow control. To overcome this 
problem, the model can be used to calculate crop water needs in the afore mentioned agricultural 
areas, subtracting from the obtained volume the association’s provided volumes, achieving an 
approximation to the extracted groundwater  
 
It becomes possible, this way, to foresee the future tendency of saline intrusion, deciding timely 
solutions that avoid the problem, whether it be by changing pumping strategies, in collective or 
even singular agricultural areas where it is possible to opt for other freshwater sources, such as 
water catchment from a river, lake, stream, weir; or whether it is done through the better location 
of holes for water injection in the aquifer, with the objective of inducing an interface movement 
towards the sea. On the other hand, it can be opted for the planning and construction of irrigation 
and drainage nets that optimize the catchments without negative consequences for the aquifer.  
 
Future orientation proposals: application of the conceptual model with other variables, such as 
the aquifer recharge, coming from several origins: precipitation, irrigation drainage. Modeling 
the saltiness caused by agricultural effluents.  
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