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ABSTRACT

The overall objective of this study is to design geographic information based
decision support system, for sustainable land use assessment in irrigated areas. One
of the particular interests in this study is the linkage between geographic information
system (GI8), decision support system {DSS), artificial neural network (ANN) models
and knowledge base (KB). The goal of this type of integration is to develop more
useful computer tools that can assist in spatiaf problam solving, nat oniy by
conventicnal camputing, but also by some sort of reasoning similar to those of human
experts.

The developed system is an integrated approach represented by a
computer program designed specifically for non GIS users, and could be used by
decision-makers, techaical advisers, planners, and researchers in 2 facilitated land
use decision making process. The system consists of ten components namely, digital
map, mapping object, external database, knowledge base, model base, internal
database, report generator, graph generator, and map generator accessed by a user
interface.

The results of the KB subsystem validation showed a full agreement with the
expert's knowledge. The results of the crop water requirement model gave a high
correlation {0.988) with those obtained from the FAO's CropWat pregram for all land
uses (crops).

The system used two case studies, to test the overall system performance,
and generate different kinds of maps, reports and graphs from which in-depth data
anzalysis was possible. One of those cases came from the Sugar Beet area, Egypt,
while the other one was obtained from Fuka-Matrouh area, Egypt. Tha testing results
show that the system provides a powerful tool to support the user in muiti-objectives
multi-criteria decision-making process for the different alternatives of land use ranking
and selection.

The developed system was compared with other local and international land
evaluation software. It is evident that this system achieved the integration of GIS and
intelligent systems. Moreover, the developed software helps in easing and speeding
the land evaluation process, as well as mapping the land capability and crop
suitability.

Keywords: Land evaluation, Decision support system, Artificial neural network, GIS,
Models, Knowledge base.

INTRODUCTION

Land use planning is the systematic assessment of land and water
potential alternatives for land use, and economic and social conditions in
order to select and adopt the best land use options. Its purpose is to select
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and put into practice those land uses that will best meet the needs of the
peopie while safeguarding resources for the future. Land use planning can
help decision-makers to use land in such a way that current land use
problems are reduced and specific social, economic and environmental goals
are satisfied, (FAQO, 1993},

Decision support systems are computer-based sysiems with the
objective- to enabte a decision-maker to devise high quality soiutions to what
are often only partially formulated problems. The DSS is composed of three
elements; the database; the model base, and the dialog base. The database
containg the main fites of information used in models that are contained in
model base. The model base comprises management scenarios and other
mathematical models that are used to analyze data. The dialogue base (user
interface) provides a user-friendly intera<tive front end to the DSS (Brennan
and Elam 1986).

Multiple objective decision support systems (MODSS) has been
classified as a specific type of system within the broad family of DSS (Lu et al
2000). The multi objective, multi criteria decision-making process is the most
realistic and interesting in land evalualion {(Rossiter 1994). Integrating the
knowledge components in the DSS conceptual framework wilt considerably
increase the expertise embedded in DSS and will improve the capacity far
users to enhance this experise (Michel and Leif 1995).

Geographic information systems, which allow for the acquisition,
slorage, manipulation, analysis, visualization, dissemination of geospatial
information are therefore of prime interest to society at large. This implicit
definition of a GIS follows the well-known IMAP (input, management,
analysis, presentation) model, but adds the aspect of dissemination of the
information, because the latter has become a major focus of research,
development, and economic activity (Heipke, 2004). The distinct contribution
of GIS to decision making lies in the ability of these systems to store and
manipulate data based on its spatial location. Spatial data is of interest in a
wide range of government and business activities (Mora et al, 2003).

There are many strategies for coupling GIS with models. Fedra
(1993) discussed the types of coupling that couild be sought between
environmental models and GIS, and classified such integration as loose,
close, and tight coupling with GIS software.

The spatial decision support systems (SDSS's) are becoming
important tools for planning and decision making for environmental
management. The SDSS has to combine spatially explicit observational data
and simulation of physical processes with a representation that is suited for
communication with non-specialist decision-makers. Model based simulation
systems provide the mean for scientific analysis of decision scenarios (Taylor
et al 1999). One of the most important capabilities of GIS is to interpret and
map data for solving spatial problems. One of the approaches for the analysis
of spatial data has focused on artificial intelligence techniques such as
knowledge-based systems with GIS (Choi and Usery, 2004).

Knowledge must be represented in such a way that allows us {0
relate facts in a formal representation scheme to facts in the real world. Rule-
based systems allow knowledge to be represented as a set of IF-THEN or
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condition-action rules, Reasoning can be centroiled using a forward or
backward chaining interpreter (Cawsey 1998).

Yeh and Li, (1598) tested different development scenarios and land
consumption parameters, and concluded that planners and government
officials can use GIS sustainable land development model as a 0SS in areas
in the world that are under great pressure of rapid urban growth. The model
will he able to suggest areas where future urban development should take
place.

Automated Land Evaluation System (ALES) is an empty sheli, that is,
a framework within which land evaluators are free to generate different
models and develop database. This program has a framework where
proposed land uses can be described and evaluated in both physical and
economic formats. It matches the knowledge base describing the proposed
land use and the database where land units are described. ALES does not
have any georeferencing capability, can not produce maps, and can not take
into account spatia] analysis requirements (Rossiter and Van Wambeke,
1987).

The MicroLEIS (Micrecomputer Land Evaluation Information System)
was developed 10 assist specific types of decision-making faced with specific
agro-ecological problem in the Mediterranean region. it has been designed as
a knowledge-based approach with incorporates a set of information {ools.
Each of these tools is directly linked to another, and custom applications can
be carried oul on wide range of problems related to land productivity and land
degradation (de la Rosa ef al. 2003).

Parametric land evaluation system (PLES-ARID) is a mathematical
model constructed to calculate the tand productivity and land suitability, and
designed to simplify and facilitate data processing for users (Khalifa 2004).

Agriculture land evaluation system for arid region (ALES-Arid) was
designed 1o estimate land capability and land suitability evaluation, based on
the minimum data set concept. The GIS software can read the output for
visualization of land capabilily and suitability maps. This approach is
considered as loose coupling with GIS software (Abd-El Kawy 2004),

The main objective of this study is to build geographic information
based decision support system, for sustainabte land use in irrigated areas.

MATERIALS AND METHODS

System design and implementation

To achieve the objective of this study, the target system integrated
the functionality of GIS with knowledge base and DSS. The system consists
of the following main components (Figure 1):
1) Digital map; 2) Mapping object; 3) Extemnal database; 4) Knowledge base;
5) Model base; 6) Internal database; 7) Report generator; 8) Graph
generator; 9) Map generator; and 10) User interface.

The digital map utilizes the shapefile format developed by ESRI
{ESRI, 1998), to load, view and query the map. Mapping object is used to
display the map, and provides most common GIS functions (ESRI 2002). The
system has been designed to include eight GIS functions necessary by the
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non-GIS users, namely, display a map; zoom and pan throughout a map;
identify features; select features based on SQL (Structured Query Language)
expression; label map’s feature with text; copy and paste maps; virtual
database join, and map printing.
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Figure 1: Target system architecture,

External database is a MS-Access database file format created inside a
project directory to store the input and output data. Figure (2) shows the
external database tables with inter relationships.
The Internal database contains the constant parameters that used for the
model base. It contains seven tables to store the neural network models
connections weights, in addition to a table to store the constant parameters of
the crop water requirements model (crop type, crop index, crop growing
period, and crop coefficient value).

Twenty-two land use types (crops) were selected based on Sys et al
(1993), taking into consideration the regional experience in the form of
production rules to simulate the FAO land suitability classification framework
(FAO, 1976a) and maximum limitation method, for estimating the suitabitity
class according to the land characteristics for each land use type.
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The Knowledge base has been formalized in an object-oriented manner. To
represent the knowtedge using an object oriented knowledge representation
scheme, the class hierarchy, the instance variables and instance methods of
each class have been defined. After defining the instance variables, a set of
instance methods operating them for each class have been defined. The
production rules are organized in five groups, namely, land capability classes;
environment limitations; land suitability classes; climate according to the
metrological data; and irrigation water suitability classes.
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Figure 2: External database tables and their -re-"lationship.

As an example, based on the decision process of land capability
classification, the following ratings of land characteristics have to be made
during the process:

1. Determine the soil texture rating;
Determine soil depth rating;
Determine calcium carbonate status rating;
Determine gypsum status rating,
Determine salinity/alkalinity rating;
Determine drainage rating;
. Determine slope rating;
Rules for each step are treated, and defined as instance methods for the
relevant class as summarized. Land capability index is determined using the
model base. The definition of instance methods with two examples, namely,
“Gypsum_rating“ and “Capability_class” could be tlustrated as follows:

N@ O RGN
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Class name: Gypsum_rating
Instance variable: Soil_Gypsum_rating
Instance methods:
Determine_Soil_Gypsum_rating{ )
{ If Gypsum >= 50 THEN Soil_Gypsum_rating = 30
If Gypsum <= 0.3 THEN Soil_Gypsum_rating = 90
If Gypsum>0.3 AND Gypsum <= 10 THEN Soil_Gypsum_rating =
100
If Gypsum > 10 AND Gypsum <= 25 THEN Soil_Gypsum_rating = 85
i Gypsum > 25 AND Gypsum < 50 THEN Soll_Gypsum_rating = 60 )
Class name: Capabitity_class
Instance variable: Land_capability_class
Instance methods:
Determine_Land_capabifity_class (Capabiiity_index}
{ If Capability_index > 80 THEN Land_capability_class = |
If Capability_index <= 80 AND Capability_index > 60 THEN
Land_capability_class = Il
If Capability_index <= 80 AND Capability_index > 45 THEN
Land_capability_class = IlI
If Capability_index <= 45 AND Capability_index > 30 THEN
Land_capahility_class = IV
If Capability_index <= 30 THEN Land_capability class=V }

The model base was used to allow user to obtain information about land
capability index, crop water requirements, the leaching requirements and land
use suitability. The model base subsystem contains four models, namely,
land capability (Sys et al, 1991); crop water requirements (FAO, 1998b);
leaching requirements (FAQ, 1876b); and land suitability using artificial neural
networks {Gaafar, 2005). The report generator was designed to represent a
powerful ang flexible reporting tool, that enable the user to preview, print, or
export the report as a file directly to disk. The Grapl. generator can be used
to create graphs to display the data. It was designed tc enable the user to
preview, print or save the charts.

Map generator represents the visualization technique for results
presentation. It allows the users to look at the geographical data. Figure {3)
iliustrates the main compenents ¢f the graph generator.

The User interface serves to integrate various sub-systems as well as to
interact with the user. It consists of a system desktop with a pull-down menu
bar at the top. There are eight sub-menus that form the functions in this
system. To choose from the pull-down menu, the user can click the mouse or
use a keyboard shortcut. A button bar iocated beneath the menu bar in the
system window contains buttons giving the user quick access to various
controls. The user can use the mouse to click on a button to choose it. The
button bar contains a buttons for open new project, open saved project and
print map functions. It also contains a buttons for zoom-in and zoom-out, full
extent, identify, select, and pan map functions, (Figure 4).
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Case studies,

The system was tested using two case studies, yielding different
kinds of maps reports and graphs from which in-depth data analysis was
possible, The digital maps and all the related information and data are
obtained from Yehia (1998) for the Sugar Beet area, Egypt whiie the other
was obtained from Bahnassy et al. {1997) for Fuka-Matrouh area, Egypt.
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Figure 3; The types of maps produced by the system and the data flow

diagram.
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Figure 4: The main user interface

Sugar Beet area {as described by Yehia, 1998}):

The Sugar Beet area is located at 55 Km southwest of Alexandria
citly. it is bound by Alexandria-Cairo deseri road from the east, EI-Nasr canal
from the scuth and the west, and by Bahig canal from the north. It lies
approximately between latitudes 30° 45" and 30° 55" N and longitudes 29°
30" and 29° 50" E. the Suger Beet area runs west and north-west covering an
approximately area of 113,750 feddans. It is divided into 6 villages of 1200 -
1500 feddans. The study area is located in villages No. 23, 24, 25 and 26.
These villages cover approximately 5000 feddans, which were delivered to
the graduates in October, 1991.
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Fuka-Matrouh area (as described by Bahnassy et al., 1997):

The study site is located west of Matrouh city, and extends from the
sea shore in the north to about 40 km in the south, and from Fuka town in the
east to Ras Afam EL-Roam in the west, and bounded by longitude 27° 25" -
27° 55" E and latitude 30° 56" - 31° 35" N. The total acreage of the study site
is 2834.55 km’.

RESULTS AND DISCUSSIONS

System validation:

To validate the performance of the system, it has to be tested on
sample cases and its results compared with the results obtained from other
scurces for the same cases. It is important then to use a test set that covers
all the imporiant cases and enough examples to ensure that the correct
results obtained are not just anomalies.

Knowledge base validation:

The validation of the knowledge base is an essential step in the
global system validation. In addition to wvafidating the knowledge base
structure, its contents should also be validated and checked for ¢orrectness,
completeness and consistency. To evaluate the rule base correctness, the
expert's knowledge provides a set of trial cases (input / expected output),
then the system used these trial cases as an input, the results produced by
the system have been compared with the results {(expected outputs) initially
provided by the experts, The resuits showed that, the accuracies of the ruie
bases (land capability classification, environment limitation hazard, land use
suitability, climatic suitability, and water suitability) are 100% correct
compared with the expert's knowledge. Table (1) shows the results of
knowledge base testing.

Tabie 1. Results of the ability of the knowledge base to classify the
testing data.

Number of Classification Accuracy
Rule bases
Testing Data| Correct | Incorrect %

Land capability 643 643 0 100
Environment limitation 160 160 1] 100
Land use suitability 250 250 0 100
Climatic suitability 1210 1210 0 100
Water suitability 450 450 0 100

Crop water requirement model validation:
To test the accuracy of the model, the resulls cbiained from the
model were compared with the CropWat model results for the same data
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input.  CropWat version 4.3.0013 (FAO, 1998b} is a program that used to
calculate ETo and the crop water requirements. The correlation coefficient for
the results obtained from the model and that obtained from CropWat program
is 0.998 (Figure 5).
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Figure 5; Comparison of crop water requirements (mm/period) obtained
from the system mode! and from CropWat model.

Spatial data input:

The digital maps used as inputs for the system are in ESRt's
shapefile format. The number of polygons is 57 and 213 for the Sugar Beet
area and the Fuka-Matrouh area, respectively. Onge the digital map is
selected and loaded, the system creales new database file with the same
name of the digital map with the extension “mdb" and creates the required
table. It also creates a text file with the same name o slore all paramelers
and settings of the new project. If the project is already created and the user
needs to open it, the user select the “Open Project” option from the “File”
menu angd seiect the project name from the dialog box. The system loads the
digital map, which has the same name as the project, and opens its external
database. The user interface displaying these digital maps is illustrated in
figure (6) and figure (V) for the Sugar Beet area and the Fuka-Matrouh area,
respectively.

Attribute data input:

The polygon vector land unit map having a unique intermal number
(ID) for each polygon, as well as the non-spatial (attribute) data related to
each polygon. The non-spatial data contains the soil characteristics, such as
texture, EC, exchangeable sodium percent, pH, depth, etc, whether station
and metralogical data, irrigation water characteristics, and other information,
These values are recorded and stored in aftribute table in the extemnal
database.
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Figure 7: The system user interface displaying Fuka-Matrouvh area
digital map.

Figure (8) shows the user interface for data entry. It illustrates that
the system was designed to enable users access and update of the nan-
spatial (attribute) data stored in the external database easily. The systern
allows user to edit data in a tabular form similar to spreadsheet. It supports
the copy and past function from the spreadsheets and vise versa. It also
supports the data entry through the combo box to eliminate the errors during
the data entry stage for the text data. The entered data should be first edited
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and tested for correctness. Once the data is validated and become error free,
the user could be directed 1o the data processing step.
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Figure 8: Data entry user interface.

Map visualization:

The system yields different kKinds of maps from which in-depth data
anaiysis was possible. In addition to the standard menu bar and toolbar, a
map view displays a graphic features in the right side of the system interface,
and a map fegend in the lefl side, which provides the user with the ability to
show the name of the map layer that currently displayed and its legend. The
legend shows the layer name and the syrbol used to draw it, as well as any
custern coloring that applied to the map. The pointer can be used (o select
toots from the tool bare to0 zoom the map, change the map extent, select map
features, and perform other standard map functions that are familiar to users
of GI8 software and easily leamed by less-experienced users. The system
save the map properties that used for visualizing the map, i.e., the map
name, the number of symbols, the number of classes, and the symbois color.
The map view is not static, the user can modify the appearance of the map at
any time after retrieving the previously saved view and resave it again.

The system classifies the numeric filed in the external database to
create graduated color maps to reflect the status of the soil characteristics.
The system allows user 10 choose the number of classes Figure (8A). The
user clicks the “Start” and “End" color boxes to change the starting and
ending colors for the color ramp. The Unique Values classification dispiays
features by applying a different color to each unique value for the any text
field in the external database. The system automatically assigns random
colors 10 each unique classification {Figure 9B). The user checks the draw
outline box if he wants polygons boundaries to be drawn. This is useful when
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the map has many small polygens. User clicks *Apply” to commit the changes
or “OK" to commit and save the changes and close the legend editing dialog
simultaneously (Figures 9A and 98).
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Figure 9: legend editing interface for numeric and string attributes.

The system provides group of buttons {o the user for navigating a
map. “Zoom In" button is used to enlarge a particular area on the view, "Zoom
Out" button reduces the map size, “Pan” button allows the user to move the
view by pulling the display in any direction with the mouse, and "Full Extent”
butten zooms to the full spatial extent of the map in the map view.

To carry out spatial query abouf any polygen in the map, the user
selects the identify function or button from the menw bar or from the tool bar,
respectively. A dialog box appears asking the user to check the kind of
information the user is looking, {(Figure 10A). The user clicks on the desired
information, and the system will display the resuits in the identify results box
(Figure 10B).

The system provides a simpie map {ayout in {andscape (horizontal)
format for printing. The layout includes a north arrow, fegend, title text, and
map view. The system suppors

the user to edit or change the map title and print the map. The map
will be printed to the default printer. The user can choose "Print Setup”
function from the “File” menu to change printers or to access other printer
options. Figure (11) shows the system user interface for priniing a map.

Figures 12 and 13 show some land characteristics maps for the two
study areas visualizing the numeric and string characteristics.
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Figure 11: The system user interface for printing a map.
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Flgure 13: Soil depth map of Fuka-Matrouh area.

The data processing phase in the system estimates land capability
and iand use suitability for each land unit, climatic suitability for each land use
type, and imrigation water suitability for each irrigation sources. The System
displays the results on a map to aflow the user to see distributions,
relationships, and trends. Figures 14 and 15 illustrate the user interface of
the system, displaying the map after determining land capability classes of ail
land units for the two study areas. The classes of land capability are clearly
shown on the map by different colors.
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Flg ure 15: Land capability map of Fuka-Matrouh area

The system takes into account 22 land use types when carrying out
the Tand use suitability evaluation. These land use types are grouped in three
groups according to the season of growth. These groups are, summer,
winter, and permanent as follows:

1. Summer season land use (Cotton, Green pepper, Maize, Onion,
Sorghum, Sunflower, Sweet potato, Watermelon).

2. Winter season land use (Baey, Beans, Carrots, Soya, Wheat, White
potato).

3. Permanent land use (Alfalfa, Banana, Citrus, Guava, Mango, Olives,
Sugar cane).
These land use types are evaluated, and the results reflect the suitability
class and type and degree of limitations for each land use. Seven soil
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limitations are involved, namely, texture (), salinity (s}, caicium carbonate (c),
Gypsum (g), depth {d), alkalinity (a), slope (). The map shows the suitability
classes and the degree of limitation after checking the “Limitation type ang
degree” box in the bottom bar as shown in Figures 16 and 17.
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Figure 16: Land suitability for sorghum map of Sugar Beet area.

Figure 17: Land suitability for sorghum map of Fuka-Matrouh area.

Decision-making:

The system provides a user-friendly interface to allow selection of
spatial polygons from the map, or from the land charazteristics tabular form
{Figure 18). The land use alternative ranking process extracts the necessary
information corresponding to the selected polygon from the extemnal
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database. The extracted information includes fand use limitation type and
degree;, cumatic limitation type and degree; iand use priority; in addition the
land use suitability class and the climatic suitability class. Also the system
estimates the crop water requirement for each land use alternative. The
objective of displaying these information is to give the decision-maker a clear
view about the limitation of each alternative. Each land use alternative is
evaluated and analyzed in relation to others, in terms of a pre-specified
decision rule. The ranking depends upon the decision-making preferences
with respect to the importance of the evaluation criteria (climatic suitability,
physical suitability, fand use priority, and crop water requirement). The
system allows the user to change the importance order of the evaiuation
criteria to reflect the main objectives and the crientations of the decision-
maker. For example, if the main objective of the decision maker is to select
the land use type which has low water requirement, the criteria importance
order will be climatic suitability > physical suitability > crop water requirement
> land use priority. There are many different scenarios that could be
generated according to the decision maker objective. The system also allows
the user after ranking the aiternatives to select the best alternative manually
by the decision maker or automatically by the system for each polygon. The
user can enter any text comments up to 255 characters for the selected
polygon for wirder or summer seasons. This text comments may reflect any
advices, i.e. the type of management, leaching requirernent, etc.

Figure 18: Decision making-;-'hser interfa't_:-;.w“

Once the user clicks on the map polygon, it will flash with yellow
color, and the soil characteristics, as well as the summer and winter crops
corresponding to this polygon are displayed. If the user clicks on the “ID” from
soil characteristics table, the polygon is flashed with yellow color, and the
data corresponding to this polygon are collected from the external database
and displayed in its position on the user interface according to the user
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request (suinmer, winter or trees). The user can select the land use type from
the combo box and click “Accept” to siore this decision with the text
comment, or leaching requirement on the proper location in the external
database. The user can also chose the “Accept” boitom at the “Automatic
land use selection” section on the user interface to allow the system to select
the land use type for all polygons automatically, according to the importance
order of the land use ranking criteria. The system allows the user to calculate
the leaching requirement by entering the value of the desired salinity of the
rooi zone (Figure 18).
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Figure 19: Layout of soil characteristics report for Sugar Beet area.

Report generator:

The report generator provides access fo the external databases to
summarize the data using the system’s built-in SQL statements. The system
creates several kinds of reports to summarize the information and data that
were collected from the external database. The system enables the user to
preview, print, export and save the report (Figure 19).

Graphs generator:

The system provides a user-friendly interface containing menu bar
and buttons to support many graph functions. The system pravides the ¢charts
in two forms, bar chart and pie chart. The system displays the chart data in
a tabular form below the chart to allow the user make a better decision. The
user can save the graph in “bmp” format or print it (figure 20).
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Comparison with other land evaluation system:
Table (2) provides a summary view of the referenced works depicting
the basic features of the implemented systems. Although direct comparison is
not possible, it is evident that this system achieves the integration of
geographical information system and intelligent systems.
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Figure 20: The graph user interface containing example of the bar chart

Table 2: Summary view of the main features of the referenced systems.

international National systems

Feature Systems
ALES | MicroLEIS | PLES- | ALES- |Developed
ARID | Arid system

Map integration No No No No Yes
GIS functionality No No No No Yes
GIS integration Yes Yes Yes Yes Yes
Knowledge base (KB} Yes Yas Yes Yes Yes
KB base user customization| Yes No No No No
Neural network supporls | No No No No Yes
Estimate water suitability | No No Yes Yes Yes
crop water requirement No No No No Yes
Econormic suitability Yes No No No No
Local upgrade ability No No Yes | Yes Yes

CONCLUSION

The developed system is an integrated approach for helping
decision-maker toc make better decision about sustainable land use
altermatives, using multi-objectives multi-criteria decision-making process. It
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alternatives, using multi-objectives multi-criteria decision-making process.’ It
integrates the functionality of GIS, knowledge base, neural network mode!s
and DSS. It is modular in design 5o new functionality can be easily added to
the core application. This approach to software design makes upgrades
simple and provides expandability as user requirements grow. The developed
system could be distributed without having to pay a licensing fee for any GIS
software.

The system provides a user-friendly interface for organizing, storing,
retrieving, displaying and maintaining data. #t is targeted towards users who
have only the basic skills in dealing with computers and GIS software.

The system contains built-in queries to provide immediate information
in multiple format to support the decision making process. This format can be
tabular reports, graphs, and maps. The system allows the user to modify the
map at any time, including a previously saved view.

Compared with the local and international tand evaluation software,
the deveioped system achieved the imegration of GIS and intelligent
systems.
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