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Abstract

Geographical information systems and remote sensing are the two
principal elements of geographic technology, which in turn represent the
infrastructure of modern geography. In this context, Cartographic
modeling is also an advanced field in geographical research, which
includes the applications of mathematical analysis and structure on the
map, and then the production of spatial documents that are reliable in
understanding the phenomenon studied at the geographical and planning
levels .

The problem of the study is determined by the scarcity of maps that
can be used in the fields of planning and geographical studies. This
includes the agricultural reality and urban spatial expansion, as well as
the ambiguity of the technique that must be followed by geographers who
seek to provide this type of map. Therefore, the objective of this study is
to develop a technique that includes the production of different maps
related to landuse. These maps will represent spatial documents that can
support planning processes. As well as providing geographers with a
technical vision that contributes to developing the capabilities of
geographical research that deals with the topic of landuse, under the
concept of integration between GIS and remote sensing depending on the
cartographic modeling perspective. To achieve that, a set of data related
to land uses in the Erbil plain district (as a model) have been used.

The main hypothesis of the study includes the possibility of
producing different maps of land uses in the Erbil plain district, based on
its past, present, and future nature. And also from the ability of the area
under study to accommodate different uses, and this will be done using
cartographic modeling with the concept of integration between GIS and
remote sensing.

To verify the hypothesis, it relied on remote sensing techniques to
classify the satellite visuals taken from the Landsat platform from the
ETM+ and OLI sensors, after processing them in the ENVI 5.3 Software
and interpreting the classes. While it relied on geographic information
systems in modeling maps of changing uses with multiple perspectives,
with the development of two tools in ArcGIS Desktop 10.6.1, one of
them under the name MBU to model the presence of buildings and arid
lands. To verify the hypothesis remotely sensed data were used to classify
the satellite imagery taken from the ETM+ and OLI Landsat platform
sensors, after processing in the ENVI 5.3 Software and also interpreting
the output classes .

While it relied on geographic information systems in the modeling
of landuse maps with multiple perspectives. To achieve that, two tools in
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ArcGIS Desktop 10.6.1, have been developed. The first is called MBU
was used to determine the presence of buildings and arid lands. The
second is called Change Detection for Spectral Indices was used to
determine the change detection model in spectral indices. Several maps
were also modeled in IDRISI Selva 17.0 Software to detect landuse
changes with multiple perspectives to obtain more detailed geographic
features.

The study relied on cartographic modeling to evaluate the land
according to its ability to produce, using the classification of the US
Department of Agriculture (USDA). This was done by relying on data
from various sources, as well as formulating a set of global mathematical
equations in ArcGIS Desktop 10.6.1, which led to the production of a
map of the productive ability of the land in the Erbil plain district.

After that, the present study used cartographic modeling to evaluate the
suitability of the land for the cultivation of strategic crops (wheat, barley,
and maize) that are included in the national food security. This was
achieved by relying on the FAO classification in assigning appropriate
items, according to implicit integrations between geographic information
systems, statistics, and spatial decision support systems. Tow tools for
evaluating the suitability of the land for the cultivation of wheat, barley,
and maize crops have been developed in ArcGIS Desktop 10.6.1. The
first tool was called Wheat and Barley Crops Suitability, while the second
was called Maize Crop Suitability.

The work continued in the study towards cartographic modeling of
the suitability of the land to the urban areal expansion under the
agricultural lands sustainability perspective. This is done by selecting a
set of variables affecting the expansion according to the spatial specificity
that characterizes the Erbil plain district. As well as relying on the
productive capacity of the land and its suitability for the cultivation of
strategic crops as determinants of expansion. It was based on spatial
decision support in setting appropriate weights for variables and
determinants. In this context, the study developed a special tool for
modeling the suitability of urban space expansion called Urban Spatial
Expansion Suitability, which can be used with any spatial space similar to
the spatial privacy of the Erbil plain. The study also included the
application of cartographic simulation of the future of land uses until
2029, using artificial intelligence according to the mathematical model
ANN-CA. The study also included the application of cartographic
simulation of the future of land uses until 2029, using artificial
intelligence according to the mathematical model ANN-CA. It is the main
element in achieving effective integration between geographic
information systems and remote sensing in the modeling of a set of maps



that revealed the potential uses of the land in the Erbil plain district, and
then prove the hypothesis developed.

The maps modeled with the technique developed by the study
revealed several facts that the agricultural land uses in the Erbil plain
district ranged between expansion and contraction, affected by the
economic and political conditions of the country. In addition, there is a
chronic urban expansion that occurred between the studied periods and at
high spatial levels. The district is characterized by fertile land with good
and medium varieties of land suitability for agricultural production, and
an area estimated at more than 50% of the total area of the district. It is
also characterized by lands that have great suitability for the cultivation
of wheat, barley, and yellow corn. On the other hand, the land of the
district is characterized by the settlement of high and moderate varieties
in terms of their suitability for urban area expansion, especially when
taking into account not to exceed the permissible limit on agricultural
lands of good wvarieties according to the land ability perspective to
agricultural production and its suitability for the cultivation of strategic
Crops.

Meanwhile, it was found that there will be a change in the uses of
agricultural land until 2029 in the winter agricultural season. This change
will be towards increasing the area of land planted with cereals, with a
decrease in the cultivation of land with vegetable crops.

As well as a decrease in the areas planted with cereals and vegetables
together in the summer agricultural season. Related to urban areal
expansion, there is a spatial increase of urban land in the region estimated
at 27 km?2 until 2029.

The study presented a set of proposals, the most important of
which is the necessity of carrying out irrigation projects and avoiding
dependence on sustainable agriculture only, to improve agriculture to the
level of large and organized production on the one hand, and the
sustainability of agricultural land on the other. As well as directing the
urban spatial expansion in the district of the Erbil plain towards its
eastern side, despite the cost of expansion from the economic aspects,
as the relative height of the ground slopes. As well as, the settlement
of lower wvarieties of the ability of the land to produce and
its  suitability for the cultivation of strategic crops to prevent the loss
of good agricultural land as an irreplaceable national wealth.
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