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The objective of this study is twofold. The first stage of the research comprises a hydrological 
analysis of different irrigation strategies defined according to water users' preferences. The second 
stage of the study comprises the evaluation of SWAP93, a one-dimensional hydrological model, as 
a water management tool to support scheme management in the formulation of design criteria. The 
used approach makes an on-field analysis of irrigation strategies possible. Based on this analysis 
site-specific design criteria can be identified covering the total command area. 
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Preface 

This report presents the results of a one year study on water management in an irrigation 
system. The study is conducted for the Winand Staring Centre in Wageningen, and 
is mainly a continuation of the work initiated by Baars and Van Logchem on the 
quantification of water users' preferences. These researchers integrated marketing 
research into irrigation engineering. Using quantitative perception, preference and utility 
analysis, they designed an innovation of a large-scale irrigation project relating farmers' 
attitudes to physical features in the water distribution system. The studies originating 
from Baars and Van Logchem are an important gain in research regarding water 
management in irrigation systems. 

This study presents an approach to formulate hydrological design criteria. The aim of 
this study is to incorporate aspects of different disciplines in the formulation of the 
design criteria. This incorporation is facilitated by the fact that the approach includes 
a ranking algorithm and the evaluation of profiles instead of features. I hope this study 
will induce more research on how to combine information of different disciplines in 
the formulation of design criteria for intervention in irrigation projects. 

For the realization of this report I like to thank Dr Menenti of the DLO Winand Staring 
Centre who made this research possible, for his valuable suggestions and support during 
the research. I also wish to thank Dr Bastiaanssen and Ing. Schakel for their valuable 
support and comments in SWAP related matters and Dr Querner for providing me with 
SIMGRO output data, all from the DLO Winand Staring Centre. 

Special thanks to Prof .Ing. Chambouleyron and Ing. Morabito of INCYTH in Mendoza, 
Argentina for providing me with essential input data for the simulation runs. 



Summary 

This report presents a one-year study at the Department of water management in arid 
zones of the DLO Winand Staring Centre Wageningen. The study is conducted for 
a large-scale, farmer managed irrigation system in Mendoza, Argentina. 

This study originates from the study conducted by Baars and Van Logchem (1993). 
They identified and quantified water users' preferences regarding water delivery. In 
this study, the design criteria originating from water users' preferences are used to 
identify different irrigation strategies; of these strategies a hydrological analysis is made. 
Additionally, a second stage is added aiming at the evaluation of SWAP93 as a water 
management tool. 

The study aims to contribute to the solution of the general problem of the gap in 
exchange of information that may exist in an irrigation project between researchers 
and policy makers on the one hand and groups of farmers on the other. For an 
intervention in the water distribution of an irrigation system it is essential to incorporate 
water users' preferences in the design, although it should not be restricted to water 
users' preferences only. It is equally important to assess the hydrological consequences 
of different water delivery strategies, since the water delivery should not lead to 
aggravating problems like water logging and/or salinization. Therefore the study 
encompasses the hydrological analysis of the water delivery based on water users' 
preferences, stage A of the study. Stage B is an extension of the former and aims at 
formulating hydrological design criteria by applying a hydrological field based 
simulation model. In this stage it is tried to evaluate the performance of the irrigation 
system conform the technique (utility analysis) used by Baars and Van Logchem (1993), 
instead of using subjective criteria (perception and preference of water users) technical 
criteria are used for the analysis. 

For both stages the first three steps are identical. The first step comprises the 
identification of the irrigation strategies. For stage A these should be based on the water 
users' preferences, while for stage B it is important that different hydrological 
parameters are included. Four irrigation strategies have been identified for stage A and 
twelve for stage B. Step two comprises the regionalization and performance of the 
simulation studies, different situations have been identified to represent the command 
area. The situations consist of a combination of the following spatial variable parameters: 
three different crop types, three soil types, two initial soil solute concentration and three 
bottom boundary fluxes. The hydrological analysis is performed for every situation 
with the field based hydrological model SWAP93. This model describes the water-
balance and salt balance parameters of a soil profile. The third step is the identification 
of indicators to describe the hydrological parameters of the different simulation runs. 
Twelve different so-called water management indicators have been used and are used 
for further analysis of both stages of the study. In stage A the strategies most preferred 
by different water users will be compared with water management indicators. 



Stage B of the study constitutes of two additional steps. First the ranking of the different 
irrigation strategies is established. The ranking is established through applying a multi 
objective decision analysis. The input comprises the actual values of four different water 
management indicators. For every situation a ranking has been established. This ranking 
is used as input for the utility analysis. The utility analysis is performed to gain 
information on the relative importance (i.e. utility) of individual hydrological aspects; 
interval, application depth and solute concentration. Information on the individual aspects 
facilitates scheme management in decision making, since a relative value is assigned 
to the different parameters which indicates where action is required. 

The outcome of stage A is that there are no hydrological constraints for the 
implementation of the water delivery based on water users' preferences. For stage B 
the results is that additional design criteria are formulated, every situation attaches a 
high utility value to low solute concentrations of irrigation water. Besides general design 
criteria, these can also be formulated for specific situations. 

The major advantages of the use of these procedures are: 
- that information regarding relative importance is presented regarding single 

hydrological features and feature levels, 
- that an effort is made to combine physical parameters and parameters describing 

water users' objectives and needs in a single analysis. This can be established 
because both classes of parameters can be included in the multi-objective model 
used, or utility analysis. 

The following aspects need more attention: 
- More attention is required regarding the incorporation of variable feature levels in 

the utility functions. 
- More research is needed regarding the incorporation of this approach in regional 

hydrological models and GIS techniques. 
- More research is required regarding the type of utility analysis used. 
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1 Introduction 

1.1 Problem identification 

This study was carried out in two stages. Stage A is a follow up on the study conducted 
by Baars and Van Logchem (Baars and Van Logchem, 1993(a); Baars and Van 
Logchem 1993(b); Baars et al., 19951). During 1990 and 1991 they investigated the 
possibilities of quantifying farmers' wishes regarding irrigation water distribution in 
the Lower Tunuyan irrigation system in Argentine. Marketing techniques were used 
to draft a procedure in which farmers can actually contribute towards the design of an 
intervention. One of the outcomes of the study was the identification of an alternative 
water distribution system (see paragraph 2.1). Stage A of this study evaluates the 
hydrological consequences of the alternative water distribution system and henceforth 
is referred to as: hydrological analysis of water users' preferences. 

Stage B is an extension of the foregoing. The hydrological analysis is extended by 
including more hydrological parameters for the analysis than defined in stage A. The 
aim is to formulate hydrological design criteria with the use of a hydrological simulation 
model (SWAP93, see paragraph 1.3). This part is added to the foregoing analysis 
because the assessment of design criteria should not be made on water users' preferences 
only. Hydrological aspects are considered in this stage of the study. These aspects are 
of major importance for a new water distribution system because waterlogging and 
salinization related problems should be minimized as a result of implementation of a 
new water management system. This part of the study henceforth is referred to as: 
evaluation of SWAP93 as a water management tool to support scheme management. 

Stage A: Hydrological analysis of water users' preferences 
Operation procedures (for managing irrigation on all levels) can be explained in a few 
words and are not very complicated from a conceptual point of view, but are often 
difficult to implement; it is also obvious that individual water users can have different 
demands. This is illustrative for the fact that water users do not follow official pro­
cedures as they have personal preferences. Therefore Schrevel (1993) advocates that 
water users' preferences regarding irrigation water should be identified. The case study 
conducted by Baars and Logchem presents a method to identify and quantify water 
users' preferences. They also consider irrigation as a question of demand instead of 
the assumption that irrigation is a supply question (Schrevel, 1993). The outcome of 
this case-study was the identification of design criteria for the design of an innovation, 
here a new water distribution procedure (BL). 

Starting point of stage A is the new irrigation water distribution system as has been 
identified by Baars and Van Logchem (see paragraph 2.1). The design criteria for an 
alternative water distribution system, identified by Baars and Van Logchem comprise 

1 For the remaining part of the report, the reference to Baars and Van Logchem (1993(a). 1993(b)) 
and Baars et al., 1995 is abbreviated to BL. 
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the following features: 
- irrigation interval, 
- flow rate, 
- new allocation rule (see paragraph 2.1). 

It is up to the scheme management whether or not to incorporate the design criteria 
in the new water distribution system. A hydrological analysis regarding the outcome 
of the study conducted by Baars and Van Logchem can be useful and is therefore 
conducted. This can be of use for the assessment whether or not the hydrological 
situation puts a restriction on the implementation of the alternative water distribution 
system based on water users' preferences. 

To make the hydrological analysis of the study conducted by Baars and Van Logchem 
possible the design criteria need to be translated in actual irrigation application strategies 
(see paragraph 2.2). Therefore all three features of the design criteria should be incorpor­
ated in the identification of irrigation strategies. 

The hydrological model used to analyze the irrigation strategies is SWAP93. SWAP93 
is a recent version of the SWATRE model; both models have been developed to 
simulate the transient one dimensional water flow and solute transport through the 
saturated/unsaturated zone (Belmans et al., 1983; Feddes et al., 1978). Two of the three 
design criteria mentioned above, irrigation interval and new allocation rule are directly 
translated to irrigation applications. However, simulation of the actual flow rate is 
difficult to obtain with SWAP93, since the amount of water applied at one day will 
be equally divided over that day; for example, if the actual irrigation application is 100 
mm in 3 hours, this is schematized as 100 mm in 24 hours in the model. Simulation 
of the flow rate is possible, but two prerequisites need to be fulfilled: 
- Knowledge of detailed information on farm irrigation to derive the application depth 

from the flow rate. Therefore information is required regarding the area of the field 
to be irrigated and the application time. When these parameters are known the flow 
rate can be translated into an application depth. The flow rate is equal to the 
application depth times the area irrigated times the application time. 

- The simulation should be based on a fraction of the day (e.g. minutes) instead of 
on a daily basis; in that case the water applied will not be equally divided over a 
day but over a fraction of a day. 

Consequently, the hydrological analysis of different irrigation strategies is restricted 
to the irrigation interval and the new water allocation rule (see paragraph 2.1). It should 
be mentioned that the flow rate is an important feature for water users' preferences as 
well, which unfortunately cannot be analyzed at this stage of the study. 

Stage B: Evaluation of SWAP93 as a water management tool to support scheme 
management 
Although water users and water users' communities do influence the definition of 
scheme use, they are not the only ones to influence it. Besides water users the external 
complex and the physical environment also influence the definition of scheme use. The 
external complex comprises factors related to agriculture that influence scheme use, 
but cannot be directly influenced by donors, designers, water users and water users' 
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communities, like financial conditions, legal conditions, etc. (Bastiaansen, 1992). The 
scheme use on its turn does result in the formulation of design criteria. The design 
criteria regarding water users' wishes have been assessed by Baars and Van Logchem 
(BL). 

Baars and Van Logchem (BL) have identified several design criteria originating from 
water users' preferences. The physical environment also influences the scheme use and, 
not surprisingly, it also results in design criteria (Bastiaansen, 1992). Criteria originating 
from water users and from the physical environment may conflict with each other. 
Therefore not only the design criteria based on water users' preferences need to be 
assessed but also the design criteria based on physical environment. Accordingly, stage 
B is an analysis of SWAP93 as a management tool to identify additional hydrological 
design criteria. 

The physical environment relates to water and soil resources: rainfall, melt water, snow 
fall, soil types, solute concentration and the technical characteristics of the irrigation 
and drainage system. In this study the topography and soil related parameters are site-
specific, while the climate-related parameters as well as the hydrological parameters 
'water application depth' and 'solute concentration of irrigation water' are not site-
specific. The climatological parameters are fixed and cannot be influenced. The 
hydrological parameters, that can be controlled to a significant extent are used for the 
formulation of hydrological design criteria regarding the new water distribution system. 

1.2 Aim of the research 

The aim of this report is twofold: 
- Hydrological analysis of an alternative water distribution system identified by Baars 

and Van Logchem (BL). 
- Evaluation of the use of the numerical model SWAP93 as a water management tool 

to support scheme management in the assessment of design criteria. 

The assessment of the alternative water distribution system will be based on the design 
criteria which have been identified by the analysis of water users' preferences. 

1.3 Research approach 

SWAP93 is used for both studies. For stage A of the study the design criteria are the 
starting points. These criteria have been identified by Baars and Van Logchem and are 
used to formulate different irrigation application strategies. These irrigation strategies 
are used as input for SWAP93, whereas for stage B of the study a range of feasible 
irrigation strategies is the starting point and design criteria is the outcome. A graphical 
presentation of the steps to be taken is shown in figure 1.1. 
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For the study of water users' preferences (stage A) the irrigation strategies do vary in 
the following features: interval and alternative water distribution. For the study regarding 
SWAP93 as a management tool (stage B) the features are supplemented with the 
following hydrological elements: total irrigation water application and solute 
concentration of irrigation water (see paragraph 2.2). The irrigation strategies are the 
object of research. 

identification of situations 
and irrigation applications ^ 1 
simulation studies 
(SWAP93) 

calculation of water 
management indicators 

ranking of the irrigation 
strategies (ELECTRE) 

Utility analysis 

0) 
CQ 
CD 

Fig. 1 Flow chart for both stages of research 

A field-based model like SWAP93 is often used to just evaluate the hydrological 
situation of experimental plots, which results in an outcome that is only usable for a 
small area and a specific combination of micro-meteorological, hydrological and soil 
data. Another option is to extrapolate the output for an experimental plot to a regional 
level (Schakel, 1994). For the extrapolation of the output the emphasis should be on 
the assessment of the different representative soil, crop, meterological and hydrological 
data (Menenti et al., 1994). To make a regional analysis possible the latter option is 
chosen. 

For the analysis 54 situations have been identified as representative of the entire scheme. 
These are assumed to be a representative description of the command area. The 
situations include the following characteristics: 
- three different crop types (grape, peach and onion), 
- three different soil types, 
- two different initial solute concentration of the soil, 
- three different initial ground water levels and bottom boundary conditions. 
Twelve irrigation application strategies have been identified (see paragraph 2.2). 

To quantify and describe the hydrological conditions as a result of the simulations 
different water management indicators have been identified. 

Improvement of irrigation performance can be based on different policies. For this 
analysis three different scenarios have been identified: 
- Production has a high priority, because irrigation system often have the goal of 

raising the production. 
- Sustainability has a high priority, to secure the sustainability of the irrigation system 
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and reduce recurrent maintenance costs, salinization and water logging should be 
minimized. 
Application efficiency has a high priority, to prevent water losses the run-off should 
be reduced as much as possible. 

Hydrological analysis of water users' preferences 
The identification of irrigation strategies based on water users' preferences' is the first 
step for stage A of the study. These irrigation strategies can be used as input for the 
simulation model SWAP93. Water management indicators (WMI) summarize the results 
of the simulation runs (Bastiaanssen, 1993; Schakel, 1994). The analysis of the different 
irrigation strategies is based on the comparison of the water management indicators. 
For every combination of irrigation strategy and situation these WMI's are calculated. 
To facilitate the comparison the WMFs can be presented as an average for all situations. 
These values can be used to make a hydrological analysis of water users ' preferences 
possible. 

Evaluation ofSWAP93 as a water management tool to support scheme management 
Different site specific characteristics are combined, to construct a representative 
characterization of the area. Because these are hypothetical situations it is important 
to assess the sensitivity of individual characteristics of the input parameters and to assess 
the consequences of possible errors in calculating input parameters. 

To identify hydrological design criteria different steps need to be taken. The first two 
steps in this process are equal to the first two in stage A of the study. First the different 
irrigation strategies need to be identified. Next the hydrological, conditions as a result 
of a new water management intervention, is presented by water management indicators. 
The value of these indicators is used to evaluate the strategies and perform a ranking 
of the different strategies. The strategy ranked number 1 is the best and the one ranked 
number 12 the worst. For the ranking of the irrigation strategies criteria need to be 
defined to make an evaluation of these strategies possible. Important is that these criteria 
comprise several hydrological components (e.g. crop production, this is a result of the 
actual salt and water content in the soil profile; change in water content of the profile; 
change in salt load of the soil profile). The evaluation process is complicated since these 
different elements do influence the performance of an irrigation system. 

Additionally, the different elements can not be translated into the same scale of costs 
or benefits. The technique required to make this evaluation possible should include 
multi-objectives and each objective should have its own scale of expressing its 
appropriateness for a given irrigation strategy. 

The ranking is performed for every situation and for each of the three scenarios. The 
ranking of the irrigation strategies is established through ELECTRE II, a multi-variate 
decision analysis model. The advantage of using this model (see chapter 5) is: 
- the actual values of the water management indicators are used as input for the model, 
- weighing factors can be assigned to different criteria, 
- both aspects dealing with harmony and disharmony between criteria are considered 

in the ranking procedure. 

15 



The irrigation strategies consist of a combination of features (interval, application depth, 
solute concentration). To analyze the impact of the individual features on the perform­
ance of the system a utility analysis is performed. Usually a utility analysis is executed 
to link objective features with preferences of people. In this study the utility analysis 
is used to link objective hydrological features with the hydrological performance of the 
irrigation system. This is done to assess the importance of the individual features on 
an intervention in water management. This facilitates scheme management in decision 
making regarding the impact of different water management measures on the 
hydrological performance. Consequently, it is easier to identify the proposed 
intervention. 

1.4 Set-up of the report 

This report describes first stage A, then stage B. The approach regarding the first two 
steps of stage A and stage B are basically the same. These two steps include the 
simulation runs and the identification of the water management indicators to describe 
the hydrological properties of the result. 

Chapter 1 and 2 give an introduction to stage A and stage B of the study, the general 
problems and purpose of the study. In chapter 2 the background of this research will 
be described in more detail with a description of the alternative water distribution 
system. Additionally the irrigation strategies for both studies will be identified. 

Chapter 3 and 4 describe the first two steps in the hydrological analysis. Chapter 3 
elaborates upon the theory of the hydrological simulation model SWAP93 and the 
identification of water management indicators. The water management indicators must 
describe the hydrological characteristics of the irrigation strategies, since they will be 
used for further data processing, namely the ranking of irrigation strategies. In chapter 
4 a description is given of the regionalization. SWAP93 is a one-dimensional model, 
to extrapolate the outcome of the model to a regional area different situations need to 
be identified. These situations are identified according to different site specific character­
istics. These site specific characteristics need to be translated to input parameters of 
SWAP93. This is also done in chapter 4 together with a sensitivity analysis to assess 
the impact of possible errors in calculating input parameters. 

The results for stage A of the study will be described in chapter 5. In this chapter 
different water management indicators of different irrigation strategies will be compared. 
The identification of the irrigation strategies was based on the study conducted by Baars 
and Van Logchem. 

In chapter 6 and 7 stage B of the study will be elaborated. In chapter 6 the theory 
regarding the ranking procedure will be discussed, while in chapter 7 the utility analysis 
will be described and performed. Finally the conclusions and recommendations will 
be presented in chapter 8. 
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2 Background information 

2.1 Geographical information 

Mendoza province is located in the western part of the country bordering Chile. The 
province, with an area of 150 839 km2 is completely arid. In the province a total of 
359 523 ha is irrigated. Irrigation water stems from snowmelt runoff from the Cordillera 
de Los Andes (Chambouleyron, in Menenti, 1990). 

The area irrigated by the Lower Tunuyan River amounts to 67 500 ha. Water availability 
is regulated by the Carrizal storage reservoir. As rainfall in the province of Mendoza 
amounts to only 190-340 mm per year and the crops grown require a water supply of 
700 mm, their growth depends almost entirely on the use of irrigation water. Water 
distribution to the secondary command areas is proportional to the area with water rights 
(on a pro-hectare basis), and occurs on a simultaneous and continuous basis (BL). 

2.2 Background of the study 

The analysis of the hydrological consequences of water users' preferences is based on 
the study conducted by Baars and Van Logchem (BL). Other studies based on Baars 
and Van Logchem were performed by Schakel (1993), who conducted a study regarding 
the organizational and technical feasibility of alternative water distribution at secondary 
level, and Benjamins (1994) who studied the development of a procedure to assess 
actual land use and combine it with clusters defined by Baars and Van Logchem. The 
starting point for stage A is the alternative water distribution system, which has been 
identified by Baars and Van Logchem through analyzing water user preferences. In the 
alternative water distribution system the water users have more influence on how the 
water is distributed. 

In the Tunuyan irrigation system in Argentina local problems regarding water excess 
and water shortage occur periodically, depending on the individual changes in the crop­
ping pattern. Both aspects of mis-allocation do have a negative impact on the perform­
ance of the irrigation system. Excess water supply will result in infiltration and a rise 
of the water table, which reduces the production of crops sensitive to waterlogging. 
Water shortages will cause a reduction of the production. Summarising it was found 
that the water delivery did not meet the demand of the water users. Three causes had 
been identified: 
- rigidity of water distribution system, 
- water allocation was based on the water requirements of the vine crop, 
- variation in the annual water availability. 

Baars and Van Logchem tried to solve the difference between water supply and water 
demand by paying attention to all three aspects which cause the mis-allocation. The 
result of their study was the alternative water distribution. 
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The amount of water available for irrigation can be calculated on a yearly basis and 
per area. The amount of water available in the reservoir can be forecasted by using 
model's and remote sensing (Menenti, 1995). Within this maximum amount of water 
available per hectare the water users can indicate their preference regarding irrigation 
interval, flow rate and the formulation of their monthly water allocation in the alternative 
water distribution system. The limitations of the new water distribution system are 
summarized as follows: 
- The maximum amount of water a water user receives per hectare on a yearly basis 

depends on the water available in the reservoir. 
- The maximum amount of water a water user receives on a monthly basis is restricted 

to prevent him from concentrating the water supply to one month while also water 
is needed for the dry season. 

- The amount of water supplied is restricted by the technical layout of the infra-struc­
ture, e.g. depth of canals. 

The formulation of the alternative water distribution system is based on the client 
oriented approach developed by Baars and Van Logchem. This approach comprises of 
the following procedures derived from the marketing technique: 

Perception analysis 
In the perception analysis attributes which describe the new water distribution system 
are presented towards the water users to measure their perceptions. The outcome is a 
list of key attributes that are most relevant for the water user to describe the water 
distribution system. Besides identifying perceptual dimensions, the perception analysis 
shows how water users' experience the existing method of water distribution compared 
to the alternative water distribution system on each perceptual dimension. After the 
position of present and alternative water distribution system on each perceptual axis 
has been identified, one has to find out which perceptual dimensions are most important 
to the water users. This is done through a preference analysis. 

Preference analysis 
According to the water users' individual conditions one may assign different emphasis 
towards perceptual dimensions. A preference analysis identifies how and when water 
users weight one perceptual dimension against another. The second part consists of how 
to achieve improvements in the present water distribution system along the important 
perceptual axis. The perceptions need to be linked to technical features, since in order 
to meet the water users' wishes one should link the perceptions with actionable 
measures. Therefore the water users' score on each important perceptual axis was related 
to objective features of irrigation water distribution. 

Utility analysis 
The utility analysis is performed to determine how the selected features should be 
shaped and combined as to best represent the water users' preference. A water user will 
seldom find the alternative which satisfies all his requirements for all features, therefore 
he has to make a trade-off of some of the qualities of one method to gain more of 
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another. The most important aspect of the utility analysis is the conjoint measurement, 
i.e. the trade-off measurement of water users. The objective of the utility analysis is 
to study the linkage of features of water users ' preferences with features of water users ' 
perceptions. This is performed at discrete points (levels) for different features. Three 
features had been used with the following levels: 
- interval; 8, 10 or 16 days, 
- flow rate; 250, 500 or 1000 1/s, 
- new allocation2 rule; yes or no. 

Utility segmentation 
Water users with similar utility values are grouped together by means of a cluster analy­
sis. The groups segmented by difference in utility values may be explained by certain 
farm or farmer characteristics. This resulted in the identification of three clusters (see 
figure 2): 
cluster 1 : Farmers with perennial crops only and currently receiving a large flow rate 

at their farm-inlet, 
cluster 2: Farmers with part of their land under vegetables and a relatively large part 

of their land with water rights abandoned attach more importance to smaller intervals 
than to flow rate ranges, 

cluster 3: Farmers with part of their land under vegetables and hardly any land is being 
abandoned. Preference is given towards to small flow rates. 

Farmers in all clusters gave preference to the new water allocation rule over the present 
system. 

The design criteria for the design of the new water distribution system concern the 
following criteria (see fig 2.1) 
- irrigation interval, 
- flow rate, 
- new allocation rule. 

Figure 2 shows the different utilities for the three features per segment. This is the 
starting point for the identification of the irrigation strategies for the study regarding 
the hydrological analysis of water users' preferences. 

2 

The new allocation rule implies the formulation of the monthly water allocation by the water users. 
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CLUSTER 1 

CLUSTER 2 

CLUSTER 3 

8 10 16 

interval (d) 

250 500 1000 

flow rate (l/s) 
yes no 

new allocation rule 

Fig. 2 Average utility values per feature level and per segment (Baars and Van Logchem 1994). 

2.2 Identification of irrigation strategies 

The irrigation strategies used for input in SWAP93 are the object of research. This 
paragraph deals with the formulation of the irrigation strategies for both stages. 

2.2.1 Irrigation strategies to analyze water users' preferences, stage A 

To analyze the alternative water distribution system through applying the hydrological 
simulation program SWAP93, design criteria need to be translated in actual irrigation 
application strategies: 
- The irrigation internal is a design criteria that directly can be translated in the identi­

fication of irrigation strategies. The 8, 10 and 16 days interval are used, since these 
have been identified by Baars and Van Logchem. An additional 30 days interval 
is included in the analysis since this describes the current irrigation interval (Dingen, 
1990). 

- The flow rate is not included in the formulation of the irrigation strategies, due to 
the difficulties in simulating the flow rate with SWAP93 and the lack of detailed 
on-farm information (see paragraph 1.1). SWAP requires the application depth (cm) 
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as input of the irrigation data. To simulate the flow rate one has to know the actual 
area which is being irrigated and the actual application time for the specific area 
(see equation 1). This information is site-specific and difficult to obtain, since this 
is a point of contact between 'engineering' and social management aspects. The 
relation between flow rate, application time and applied water depth is a typical 
'users' and management aspects'. Therefore flow rate is not simulated. It is 
acknowledged that this is a limitation for stage A of the study, since flow rate in 
combination with the area to be irrigated does influence the infiltration of water in 
the soil. And the infiltration is an important variable for the hydrological analysis 
and an important feature for water users in cluster 1 and 3. When however the new 
water distribution is to be implemented all vegetable growers (cluster 2 and 3) would 
receive sufficient irrigation water and would all put a high importance on the feature 
interval. 

Q=. 
A.d 

(1) 

where: 
Q = flow rate (m3/s) 
A = area (m2) 
d = application depth (m) 
t = time (s) 

The new allocation rule gives the water users the opportunity to formulate their water 
requirements on a monthly basis. To draw up an inventory on how water users 
wanted the water distributed the following technique was used by Baars and Van 
Logchem. Water users received 36 buttons (or other plural of 12). Each button is 
a fraction of the total water they are entitled to, depending on their water rights and 
the water availability (BL). This is a so-called button technique (see figure 3). For 
the simulation one monthly distribution strategy is considered. 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

0 0 0 0 0 
0 0 0 0 
0 0 0 
0 0 0 
0 0 

0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 0 

Fig. 3 Relative wafer distribution over the year 
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Besides application depth and day of irrigation, the solute concentration of the irrigation 
water is also needed as input for SWAP93. The solute concentration is fixed at 0.92 
g/1. The EC values of surface water is depicted from maps that describe the solute 
situations of the irrigation system Tunuyan in Mendoza, Argentina. The salt values 
presented on this maps are electric conductivity, while SWAP requires concentration 
figures. The following relationship has been used to converse EC values in concentration 
values (Van Hoorn and Van Alphen, 1990): 

c = -0.067 +0.707* EC (2) 

where: 
c = solute concentration (g/1) 
EC = electric conductivity (mmho/cm) 

For stage A of the study, it is assumed that the fields are irrigated with surface water 
only (EC amounts to about 1400 mmho/cm). 

The study is conducted for vegetable and non-vegetable crops, since the (non-) 
cultivation of vegetables is an important farm characteristics to explain the different 
clusters. The crop that represents the vegetables is onion, and the crops that represent 
the non-vegetables are grapes and peaches (fruit trees). Grapes and fruit trees are 
perennial crops, the growing season comprises the total year. Onions have a shorter 
growing season (about 150 days). The analysis is based on the growing season. The 
water applied for onions is about 550 mm per growing season. The total water 
application depth for grapes and fruit trees is kept to about 900 mm, equivalent for all 
strategies, and represents the present amount of water applied. These data have been 
obtained from the Viejo Retamo secondary unit. 

Table 1 represents the irrigation strategies identified for the analysis of stage A of the 
study. The actual water applications are presented in annex 1. 

Table 1 Irrigation application strategies for stage A 

Irrigation 
application 
strategy 

c 
d 
O 

1 

interval 
(day) 

30 
16 
10 
8 

solute concentration of 
irrigation water 

0.92 
0.92 
0.92 
0.92 

(g/1) 
total application 
depth (mm) for 
grape and peach 

858 
870 
880 
880 

total application 
depth for onion 

524 
550 
540 
540 

2.2.2 Irrigation strategies to assess hydrological design criteria, stage B 

The aim of this stage is to formulate hydrological design criteria for an intervention 
in an irrigation system. To establish this features need to be analyzed which can be 
controlled to a certain extent, these are: water application depth and solute concentration. 
Therefore different levels of these parameters have been identified for the analysis of 
stage B. 
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Two water sources can be identified: surface water and ground water, both are used 
for irrigating the fields and have different solute concentrations. To simulate both water 
sources, different solute concentrations have been identified. Data regarding electric 
conductivity of the different water sources are obtained from maps describing the solute 
conditions of the irrigation scheme. The variance in solute concentrations for surface 
water is limited and therefore fixed at a concentration of 0.92 g/1, see equation 2. More 
variation exists for the solute concentration of the ground water. Two representative 
points have been selected from a map containing solute data. Water with a high solute 
concentration (EC = 2700 mmho/cm, c = 1.84 g/1) and water with a low solute concen­
tration (EC = 0.64 mmho/cm, c = 0.64 g/1). 

Different water sources (e.g. ground water and surface water) have different solute 
concentration. So the use of different water sources for irrigation can be schematized 
through assigning different solute concentrations to the irrigation water supplied. For 
SWAP93 the solute concentration need to be given per application depth, so irrigation 
with alternating ground water and surface water as source can be simulated. Although 
the input for the utility analysis requires discrete values of the features, e.g. solute 
concentration, but this will be elaborated in paragraph 7.2. Still option m (see table 2) 
simulates irrigation with alternating water sources. The remaining simulations have a 
constant value for the solute concentration (see table 2). 

Besides variation in solute concentration, different total application depths are simulated 
to simulate irrigation under conditions of water deficit and excess water. The amount 
of water applied for the reference situation is 850-900 mm for grapes and fruit trees 
(Morabito et al., 1988; Dingen, 1990) and 500-550 mm for onions. Two irrigation 
strategies have been identified to simulate varying volumes of water. For strategy o the 
total application is multiplied by 0.50 and for strategy n the total application depth is 
multiplied by 1.50. The interval remains fixed at 10 days. 

Table 2 Irrigation application strategies for stage B 

Irrigation 
strategy 

a 
b 
c 
d 
O 

j 
k 
1 
m 

n 
0 

P 

application Interval 
(day) 

30 
30 
30 
16 
10 
8 
8 
8 

not fixed1 

10 
10 
-

Solute 
of irrig 
(g/1) 

1.84 
0.64 
0.92 
0.92 
0.92 
1.84 
0.64 
0.92 

concentration 
;ation water 

0.92/0.64 alternately 
0.92 
0.92 

-

Total appl ication 
depth (mm) for 
grape 

858 
858 
858 
870 
880 
880 
880 
880 
880 

1320 
440 

-

and peach 

Total applica­
tion depth for 
onion 

524 
524 
524 
550 
540 
540 
540 
540 
550 

810 
275 

-

The interval is not fixed since different water sources are used alternately, deep tube well water 
is used supplementary to surface water. 
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3 SWAP93 and water management indicators 

3.1 Introduction 

Both stages of the study use the simulation program SWAP93 for the hydrological 
analysis. SWAP93 is a one-dimensional hydrological model and simulates situations 
on field level, and generates output data regarding: 
- Water balance: Precipitation + irrigation, run-off, interception, evaporation of 

ponding layer, actual transpiration, actual soil evaporation, flux through bottom of 
the soil profile, lateral drainage flux of all drainage levels, water content of the soil 
profile + ponding layer, potential transpiration, potential soil evaporation. 

- Solute balance: Solute concentration, water content, solute concentration, flux at 
the top, flux for water uptake by roots, these data are all presented for each 
compartment of the soil profile. The total salt content profile is given for the entire 
profile. 

- Ground water level: Year number, day number, thickness of the ponding layer, 
ground water level, perched ground water table, base of the perched ground water. 

The output can be generated on a daily basis. For this study the output was set on a 
weekly basis. This results in a large amount of output. To facilitate data management 
different water management indicators have been identified which describe the 
hydrological properties of the soil profile. This chapter presents the theory of SWAP93 
and the formulation of the water management indicators. 

3.2 The simulation model SWAP93 

3.2.1 Water balance 

SWAP93 is a recent version of the program SWATRE or SWACROP (Feddes et al., 
1978; Belmans et al., 1983; Wesseling et al., 1992). The model has been developed 
to simulate transient one-dimensional water flow and solute transport through the 
saturated/unsaturated zone. SWAP93 can be an useful tool for an analysis of the soil 
water and salt balance at field level. For the one dimensional water flow the water 
balance is described as follows: 

dW=P+I+Q-Es-Et-ErR~P0-Dr (3) 

where: 

AW = rate of change in moisture content (cm/d2) 
P = precipitation (cm/d) 
I = irrigation (cm/d) 
qb = flux at the bottom of the profile (cm/d), positive if upward 
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E; = interception (cm/d) 
Es = soil evaporation (cm/d) 
Et = transpiration (cm/d) 
qd = flux to the drains (cm/d) 
R = run-off (cm/d) 
At = time interval (d) 

The Richards' equation describes the liquid phase of the soil water flow (see equation 
4). This equation has the advantage of being applicable for both saturated and 
unsaturated flow, and in layered soils, where the pressure head remains continuous at 
the boundaries between the layers (Feddes et al., 1978). 

^=C(h)| l=i-[K(h)( | i+ l)]-S(h) (4) 
Ôt ôt ôz ôz 

where: 
0 = water content (cm3/cm3) 
t = time (d) 
C = differential moisture capacity (cm3/h.cm3) 
h = pressure head (cm) 
K = unsaturated hydraulic conductivity (cm/d) 
z = height (cm) 
S = sink term (d1) 

A sink term has been added to the Richards' equation to account for the extraction of 
water by the roots (see equation 4). High salt concentrations or extreme soil water 
content values (high or low) will limit the water uptake of the roots. The 
évapotranspiration (atmospheric demand) also influences the amount of water extracted 
by the roots (see figure 3). The water extraction by roots is described as a function of 
the pressure head and the depth of the root zone (Prasad, 1988; Feddes et al., 1978). 
The root extraction can be described semi-empirical (see equation 5). 

S(h)=a(h)Smax (5) 

where: 
S = root extraction (d1) 
Smax = maximal possible root extraction (d1) 
a = prescribed plant specific function of pressure head (-) 

The a is a reduction factor for Smax for the wet and the dry conditions in the soil profile 
(see figure 4). For a pressure head smaller than h, no water will be extracted by the 
roots due to oxygen deficit. At pressure head h2 the water uptake is optimal and a 
remains 1 until h3 is reached. Between h3 and h4 the water uptake decreases 
hyperbolically and a ranges between 1 and 0. The critical pressure heads are estimated 
on the basis of soil physics (hi and h2), actual crop stress observed in the field and 
meteorological data (h3) and biology (h4) (Bastiaanssen, 1994). 
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Figure 4 shows the total potential of the soil moisture. Osmotic pressure heads do have 
an important impact on water uptake by the roots, therefore the definition of the pressure 
heads is schematized as follows (Bastiaanssen et al., 1996): 

h = h +h + e h 
III g 0 

where: 
h = total pressure head in the soil matrix (cm) 
h,,, = matric pressure head 
h„ = gravitational pressure head 
hosm = osmotic pressure head 
8 = salinity resistance factor 

(6) 

The effect of salinity on water uptake by the roots is crop dependent. One crop is more 
sensitive to a saline environment than the other. The factor e does describe the 
sensitivity of different crops regarding water uptake under saline conditions. 

SWAP93 offers several options for the calculation of the potential evaporation and 
transpiration. (Work group SWAP, 1994). For the simulation runs the radiation method 
of Priestley and Taylor is being used to determine the potential évapotranspiration. The 
main factors influencing the Etp (potential transpiration) and the Esp (potential evapor­
ation) are the net radiation and the temperature; the Priestley and Taylor approach has 
the advantage of being a radiation method (De Bruin, in Hooghart, 1987). Factors as 
wind do influence the Ep, but they are not considered since they are often not known 
for the actual field on which the model is applied. Although the Priestley and Taylor 
validity in humid regions is acknowledged more attention should be paid regarding 
shortcomings of the method under (semi-)arid conditions (FAO, 1990). 

1.0 

0.8 

| 0.8 

3 
> 
I 0.4 

0.2 

0.0 
h3 

absolute head h 

Fig. 4 Dimensionless sink term as a function of the absolute matric head for high and low atmospheric 
demand (after Feddes et al., 1978) 
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The division of the évapotranspiration (E ) in evaporation and transpiration is established 
using a function of the leaf area index (LAI) and the soil cover (SC), see equation 7a 
and 7b (Feddes and Bastiaanssen, 1992). 

E =exp(-0.6)E 
sp F p (7a) 

E =E -E (7b) 
tp p sp 

where: 
Esp = potential evaporation (cm/day) 
Etp = potential transpiration (cm/day) 
Ep = potential évapotranspiration (cm/day) 
1 = leaf area index (m2) 

The conditions at the bottom of the profile need to be defined. The flux can either be 
given as a function of the ground water table, pressure head or can be specified. The 
last option has been used as input. 

3.2.2 Salt balance 

The salt concentration in the soil system is being described as follows (Boesten et al., 
1991): 

c*=0.c+p..X (8) 

where: 
c* = concentration of matter in the soil system (g/1) 
0 = volumetric moisture content (cm3/cm3) 
c = concentration matter in liquid phase g/1) 
pb = dry bulk density of the soil (g/1) 
X = matter adsorbed (g/g) 

Since the soil is not homogeneous, the flow through the soil is subject to diffusion and 
dispersion. The vertical flux through the soil is being described as follows: 

ôc J=qc-0(Dd i s+Dd i f)^ (9) 

where: 
J = mass flux through the soil (g/cnr.s"1) 
q = vertical flux of soil moisture (cm/s) 
Ddif = diffusion coefficient (cm2/s) 
Ddis = dispersion coefficient (cm2/s) 
z = depth (cm) 

Ddis is being calculated using the dispersion length (see equation 10). 
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DH =L.. *|v| (10) 
dis dis ' ! 

where: 
Ldis = dispersion length (cm) 
v = average stream velocity (cm/s) 

For the simulation runs it is assumed that the salts are easily soluble; as a result the 
term pbX (equation 8) equals zero. The diffusion coefficient and the dispersion length 
remain important parameters for the analysis of the salt balance. 

3.3 Water management indicators 

As mentioned in paragraph 3.2, water management indicators have been identified to 
reflect conditions of water logging and salinization on field level. Formulation of these 
indicators is based on a study conducted in India (Bastiaanssen, 1993; Schakel, 1994). 
Water management indicators do not necessary represent an efficiency in the sense of 
input in relation to output. It is used to describe the transpiration (crop growth), soil 
moisture condition and degree of salinization as a result of changes in water 
management practises. Three categories of indicators can be distinguished: general 
indicators, water content indicators and salt load related indicators. 

3.3.1 General water management indicators 

WMI 1: Irrigation water supply: EI 

where: 

I = irrigation water supply (cm) 

WMI 2: Irrigation supply index: ZI/LP 

where: 
P = precipitation (cm) 
WMI 1 and 2 are used to identify the different irrigation delivery scenarios. These two 
indicators provide information on the irrigation strategy. 

WMI 7: Relative evaporation: Es/Esp 

where: 
Es = actual evaporation 
Esp = potential evaporation 

WMI 8: Relative transpiration: Et/Etp 
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where: 
Et = actual transpiration 
Etp = potential transpiration 

WMI 9: Relative évapotranspiration: E/Ep 

where: 
E = actual évapotranspiration 
Ep = potential évapotranspiration 

WMI 7, 8 and 9 are three general WMIs used for an analysis of the overall performance 
of the system on a seasonal basis (growing season). The relative transpiration is used 
for the analysis of the production. The higher the relative transpiration the higher the 
production. 

3.3.2 Water management indicators related to soil moisture content 

The general water balance equation can be described as follows: 

dW=P+I+Q-E -E-E.-R-P -D (H) 
^ s t i o r 

where: 
dW = water storage change (cm) 
P = precipitation (cm) 
I = irrigation water supply (cm) 
Q = flux at the bottom of the boundary (cm) 
Es = actual soil evaporation (cm) 
E, = actual transpiration (cm) 
Ej = interception evaporation (cm) 
P0 = ponding (cm) 
Dr = drainage (cm) 

WMI 3: Percolation index: ZQdown/(EI+IP) 

where: 
Qdown = flux a t t n e bottom of the profile (clearing the soil column) 

In case of excessive irrigation, the percolation will preferably be negative. This is an 
important parameter since in Mendoza local problems regarding over-irrigation do occur. 

WMI 4: Moisture storage change: (0end - ebegin)/9begin 

where: 
9end = average water content over the first two meter of the soil profile at day 365 
Qbegin = average water content over the first two meter of the soil profile at day 1 
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W M I 5 : Moisture saturation index (0-1 m) : 9ac t0 . ,m/9sa l0_,n 

where: 
9aci.oini = actual moisture content (0-1 m) (cm3 /cm3) 
Qsato-im = saturated moisture content (0-1 m) (cm3/cm3) 

WMI 6: Moisture saturation index (1-2 m): 6act,i-2n/0sat,i-2ni 

where: 
9acU_2m = actual moisture content (0-1 m) (cm3/cm3) 
9satl.2m = saturated moisture content (0-1 m) (cm3/cm3) 

WMI 4, 5 and 6 have been defined to describe the soil moisture condition of the profile. 
WMI 4 provides information regarding the storage of water in the soil and can be both 
positive (replenishment) and negative (depletion). WMI 5 and 6 describe the degree 
of saturation of the root zone (0-2 m) to assess the extent of water logging. 

Water uptake by the roots depends on the water content in the soil. A reduction in the 
water uptake results in a lower production. One of the aims of irrigation is to improve 
or secure crop production. To keep production at an acceptable level the water uptake 
by the roots should be optimal. The reduction of water uptake by roots can be described 
as a function of pressure heads. Formula 12 and 13 describe for the relation between 
pressure head and soil water content, using the soil specific Van Genuchten parameters 
(Van Genuchten, 1980; see paragraph 4.2.3). 

Se=_!A (12) 
es-er 

where: 
0 r = residual water content (-) 
9S = saturated water content (-) 
9 = actual water content (-) 

Se=[ l + |cch|n]-m (13) 

where: 
oc,n,m = soil specific Van Genuchten parameters 
h = pressure head (cm) 

Since 9 r is nearing 0, Se is equal to W M I 5 or W M I 6. Combining equation 3.10, 3.11 
with W M I 5 or W M I 6 results in the following equation, where water content is 
expressed in pressure head. 

WMI5,WMI6=[l + |ah|n]-m O 4) 

In paragraph 3.2.1 the reduction of water uptake by the roots is described as a function 
of four critical pressure heads (see figure 4). Between h2 and h3 the water uptake is 
optimal, both (h2 and h3) are crop and soil dependent. The water uptake should be 
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optimal to keep production at a acceptable level. Therefore the total pressure head 
should preferably vary between h2 and h3. Van Genuchten describes the volumetric 
water content of the soil as a function of the pressure head, see equation 12 and 13 (Van 
Genuchten, 1980). WMI 5 and WMI 6 describe the water content of the soil profile. 
To obtain the critical ranges for water content, the minimum (h2) and the maximum 
(h3) pressure heads should be filled in in formula 14. 

3.3.3 Water management indicators related to salt concentration 

From data of soil water composition it appeared that salts in the soil are highly soluble 
(no adsorption). The salt balance equation is described as follows: 

dc=I ,.c+q.c -dr.c. (15) 
net i " q dr 

where: 
dc = salt concentration change (g) 
Inet = irrigation application (1) 
C; = salt concentration of irrigation water (g/1) 
q = seepage (1) 
cq = salt concentration of seepage water (gA) 
dr = drainage (1) 
cdr = salt concentration of drainage water (g/1) 

WMI 10: Salinity hazard index (0-1 m): (cact,0.lm- cmin)/(cmax- cmin) 

where: 
cact,o-im = average salt concentration of the first meter of the soil profile (g/1) 
cmin = salt concentration for 100% crop yield (g/1) 
cmax = s a l t concentration for 0% crop yield (g/1) 

WMI 11 : Salinity hazard index (1-2 m): (cacM.2m- cmin)/(cmax- cmin) 

where: 

cact.i-2m= average salt concentration of the second meter of the soil (g/1) 

WMI 12: salt concentration change: (cend- cbegin)/cbegin 

where: 
"end = average salt concentration of the first two meters of the soil profile (gA) at 

day 365 
cbegin - average salt concentration of the first two meters of the soil profile (gA) at 

day 1 
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WMI 12b: salt load change: (wmi4 + 1) x (wmil2 + 1) - 1 

WMI 10 and 11 are used for the analysis of the salt load concentration in the soil, a 
high concentration reduces crop growth since water uptake by the roots is restricted 
due to high osmotic pressures in the soil. The value of a salinity hazard ranges between 
0 and 1; 1 is the worst situation and 0 is the most preferred. WMI 12 is used for the 
analysis of the salt concentration change, besides solute concentration it is also 
worthwhile to gain information on the change in salt load. Therefore WMI 4 and WMI 
12 are combined, to give information regarding the salt load change (see WMI 12b). 
The less salts accumulate over the years the more sustainable the system is. 
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4 Regionalization of SWAP93 

4.1 Introduction 

SWAP93 is a one dimensional hydrological flow model and will be used for an analysis 
of irrigation delivery schedules on a regional level. To establish the regionalization 
different representative situations were selected, resulting in a number of runs that had 
to be performed. The following variables had been identified: three soil types (see 
paragraph 4.2.3), three crop types (see paragraph 4.2.2), three initial ground water level 
and different bottom boundary conditions (see paragraph 4.2.4) and two initial salt 
concentrations of the soil (see paragraph 4.2.5). Resulting in 54 different situations. 
This chapter will describe the different input parameters to describe the different 
variables, and the parameters needed to simulate water- and salt balance for each 
situation. 

4.2 Input parameters 

Each simulation run comprises three years, the first year should balance the initial set­
tings, the second and third year are used for the analysis. The different water manage­
ment indicators (see paragraph 3.3) describe the water and salt balance. The output of 
the simulation is therefore directly processed into water management indicators, and 
these are used for the analysis for both stages. 

4.2.1 Meteorological data 

The meteorological data have been obtained from the meteorological station in San 
Martin, located in the command area of the scheme. The potential evaporation and tran­
spiration has been calculated, using the Priestley and Taylor approach (Hooghart, 1987) 
(see annex 1). The first year of analysis is 1984, with a rainfall of 193 mm, an average 
year (see table 3), during the second year the rainfall is 345 mm, high rainfall intensity. 
High rainfall figures are used to assess hydrological consequences during extreme 
weather conditions. 

Table 3 Annual rainfall rates in Mendoza (mm) 

1951-1960 1961-1970 1984-1987 

190 151 190 

Average 
year 

175 

1984, first year 
of analysis 

193 

1985, second 
year of analysis 

345 
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4.2.2 Crop data 

The major crop cultivated in the area remains grape, despite the changing cropping 
pattern (BL; Menenti, 1988). The other major crops grown are vegetables and fruit trees. 
Therefore the following crops had been identified for the simulations: 
- crop type 01: grape, 
- crop type 02: onion (represents vegetables), 
- crop type 03: peach (represents fruit trees). 

SWAP93 simulates one crop season per year. This has not been a restriction for the 
analysis of the different irrigation scenarios, since grape and peach are perennial crops 
and therefore no crop rotation is practised. 

Onions are not perennial crops and have a growing period of around 150 days. Outside 
the growing season it is assumed that the land is laying fallow. To prevent a dropping 
water table irrigation water is also delivered outside the growing season to the fallow 
land. Irrigation of fallow land is not unusual in the area (BL). The period of analysis 
for both stages is the growing season to make a comparison of the different crop types 
possible. 

Besides available data on crop parameters, additional data is being calculated by using 
crop specific data obtained from literature survey (Doorenbos and Pruitt, 1984; 
Doorenbos and Kassam, 1979; Van Keulen et al., 1986;, Feddes et al., 1988, Van 
Genuchten, 1980; Wösten and Van Genuchten, 1988; Bastiaanssen, 1994). The data 
used for the crop parameters are presented in annex 2. 

4.2.3 Soil data 

The command area comprises 75000 ha. During 1974 and 1975 there has been a soil 
survey in the command area (Chambouleyron et al., 1975). This has resulted in a soil 
map of the command area in which three soil classes soil had been identified: 
- Class 1: suitable for irrigation, 
- Class 2: moderate suitable for irrigation, 
- Class 3: hardly suitable for irrigation. 

For twenty four soils scattered over the command area data of soil hydraulic properties 
had been estimated on the basis of soil texture. The location were all numbered from 
calicata 1 through 24. For the simulation three different soils have been used (see annex 
3), each representing a different class. The Van Genuchten parameters have been 
determined by Bos and Marges (Bos and Marges, 1990; Van Genuchten, 1980; Drost, 
1990). These parameters were used as input for SWAP93. 
- soil nrs 01 & 04: class 1, calicata 8, 
- soil nrs 02 & 05: class 2, calicata 20, 
- soil nrs 03 & 06: class 3, calicata 22. 
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