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The complex nature of urban growth in cities whose population is exponentially
increasing requires a comprehensive understanding to create a precise and descriptive
modelling. In order to identify the main factors that influence the behavior of such
complex growth and consequently recognize the most applicable future projection to the
growth in each urban category, a system dynamics model was developed in which all
pertinent variables are incorporated. This model was proven to be capable of simulating
the urban growth in Baquba city for some six decades from 1957 to 2017. The simulation
results showed very high goodness of fit with the historical records with an R2 ranging
between 0.987 and 0.997 proving the validity and applicability of the model. The
interaction between various urban categories showed that the road network area was
negatively influenced mainly by the rapid growth of residential and public areas. The
future projections of this model to the target year of 2035 showed that the residential,
public, commercial and industrial categories are increasing by; 55%, 84%, 40%, and 19%
respectively. The road area has also increased by 19% in the same projection gaining
more expansion than what it got in the last three decades prior to 2017.

1. INTRODUCTION

Most of the Iraqi cities, especially in the middle district
which surrounds the capitol Baghdad, witnessed a special
urban growth pattern in the last half a century due to the
fluctuating situation of the country if not the whole region.
Several distinctive patterns could be distinguished since late
fifties in the last century until now [1, 2]. Baquba City, like
many cities in the middle district has endured many changes
in growth pattern of various sectors. It witnessed a very fast
urban expansion propelled by the economic growth, this
expansion produced a profound negative effect on the
environment of the city due to the sprawl of buildings over the
adjacent orchards and agricultural areas [3, 4].

A good understanding of urban growth patterns requires
holistic perspective in order to measure the morphological
changes through different phases in a long period [5]. One of
the most comprehensive techniques in this field is the System
Dynamics in which the model can be very useful in simulating
the inter-relation among the various urban development
dimensions [6]. and capturing the causal relations and
feedback as well as performing quantitative analysis of urban
development policies [7, 8].

In this article, a system dynamics model was developed to
simulate the growth patterns of residential, commercial,
industrial and public sectors in the city of Baquba in the past
five decades in order to comprehend the pros and cons of the
patterns of growth in each sector and finally assessing the
overall growth impact on the road network.
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2. LITERATURE REVIEW
2.1 Urban growth and system dynamics

The urban growth and land use change takes multiple
patterns affected by many endogenous and exogenous factors.
A vast number of studies were conducted in this regard all over
the world. The dynamics of urban growth are conventionally
captured by the integration of information extracted from
multi-temporal maps, with the help of the wide variety of
landscape metrics made through the use of Geographic
Information System (GIS) and the remote sensing or other
similar techniques [9-11].

In many cases, the rapid urban expansion brought about a
lot of land use changes and consequently, give rise to
enormous impacts on landscape patterns, in most cases the
adjacent arable, agricultural, pasture lands are the most land
use types that developed for urban growth [9, 12-15].

Considerable effort was paid in coupling system dynamics
with other modeling techniques to produce more descriptive
and precise simulation and results. The integration between
system dynamics with agent-based modeling has been widely
used. The two approaches are suitable for simulating social
and economic systems which are characterized by delay, non-
linearity and feedback processes [16, 17]). For modeling the
intercity transportation [18] adopted a hybrid approach by
developing A system dynamics model for multimodal intercity
transportation which is calibrated against a set of data points
from the previously developed agent based model. The hybrid
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model demonstrated an inheritance of the proven predictive
power of agent-based model with enhanced capabilities that
could not be achieved by a single technique.

An integration between system dynamics with cellular
automata techniques was also presented for it has its own
advantages. Since the cellular automata, the bottom — up
model, which consists of a lattice of discrete cells with values
changing on regular time steps, are capable of representing
spatial, stochastic, and nonlinear procedures. Yet they are not
suitable for representing macro scale variables [19]. While on
the other hand, the top — down, system dynamics model which
is favorable for investigating all socioeconomic variables and
all land change driving forces and simulating complex systems
as well as predicting system changes under different scenarios
[20-22].

2.2 Urban growth and land use dynamics

The urban growth and land use change takes multiple
patterns affected by many endogenous and exogenous factors.
A vast number of studies were conducted in this regard all over
the world. The dynamics of urban growth are conventionally
captured by the integration of information extracted from
multi-temporal maps, with the help of the wide variety of
landscape metrics made through the use of Geographic
Information System (GIS) and the remote sensing or other
similar techniques [9-11].

In many cases, the rapid urban expansion brought about a
lot of land use changes and consequently, give rise to
enormous impacts on landscape patterns [23-26], in most cases
the adjacent arable, agricultural, pasture lands are the most
land use types that developed for urban growth [9, 12-15].

Considerable effort was paid in coupling system dynamics
with other modeling techniques to produce more descriptive
and precise simulation and results. The integration between
system dynamics with agent-based modeling has been widely
used. The two approaches are suitable for simulating social
and economic systems which are characterized by delay, non-
linearity and feedback processes [16, 17]. For modeling the
intercity transportation [18] adopted a hybrid approach by
developing A system dynamics model for multimodal intercity
transportation which is calibrated against a set of data points
from the previously developed agent based model. The hybrid
model demonstrated an inheritance of the proven predictive
power of agent-based model with enhanced capabilities that
could not be achieved by a single technique.

An integration between system dynamics with cellular
automata techniques was also presented for it has its own
advantages. Since the cellular automata, the bottom — up
model, which consists of a lattice of discrete cells with values
changing on regular time steps, are capable of representing
spatial, stochastic, and nonlinear procedures. Yet they are not
suitable for representing macro scale variables [19]. While on
the other hand, the top — down, system dynamics model which
is favorable for investigating all socioeconomic variables and
all land change driving forces and simulating complex systems
as well as predicting system changes under different scenarios
[20-22, 27].

2.3 Urban growth and land use dynamics
Road networks and transportations as related to urban

growth has been an important study topic for a long time now.
The transportation system and land use are considered as the
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most influencing factors in determining the urban form and
structure, and they mutually influence each other overtime
[28]. Urban expansion is spatially determined by the road
network which has a great significant influence on human
activities, socioeconomic development, and the environment.
The understanding of road network expansion pattern is
crucial to optimize the comprehensive urban planning [29].
[30] developed a new modeling approach for capturing a
region's urban agglomeration pattern. The centrality of the
road network is used as the major indicator in the proposed
model to capture the urban agglomeration pattern [31]
investigated the sustainable implications of transportation and
land use relationship with some concentration on the
investments in transportation infrastructures and their impact
on land development patterns. It was concluded that the
benefits of transportation in the compact urban development
could be achieved by adopting plans and policies that support
sustainable transportation and land use relationships in the
compact urban form. In some cases, where the urban
development is polycentric around rural villages and activity
hubs, a linear development is expected to take place along the
main transportation arterials. The population growth is mainly
concentrated in urban areas whereas the construction boom
followed the low-priced lands in suburbia and urban
extremities [32].

3. STUDY AREA

Baquba city is the capitol of Diyala governorate, located to
the north east of Baghdad the capitol of Iraq. Historically, the
city of Baquba represented a station on the Silk Road in
medieval ages between Khorasan and Baghdad [4]. The city
as a whole is bounded by the GPS coordinates (33°47" 4" -
33°40° 33°° N) and (44°38” 15°’ - 44°35° 44°” E) as shown in
Figure 1 [33]. Diyala River separates the city into eastern and
western parts which have changed the importance in terms of
the concentration of commercial entities, public services and
governmental authority centers along the past five decades.
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Figure 1. Location of study area
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Figure 3. Total urban growth in Baquba city

The population of Baquba city witnessed an exponential
growth in the last six decades. In 1957 the city population was
around 21,000 which has multiplied some 20 times to
approach 410,000 in 2017. This growth was not uniform all
over this period, as could be seen in Figure 2, the rate of
growth showed a certain increment in the period from 1977 to
1997, while a further increment was seen in the period from
1997 to 2017. This gradual change in growth rate was mainly
due to in migration propelled by urban growth and the demand
for employment in the city rather than the increase in birth
rates [34].

The economic performance of the city could be reflected by
the GDP of the city as a central part of the Diyala governorate
which represent a central part of the Iraqi economy. As the
Iraqi GDP fluctuated a great deal along the study period due
to the unstable political, military and even social situations, the
GDP of Diyala province remained close to an average of 80%
of the national Iraqi GDP. The local labor force in the study
area has an average of 25% of the total population, which is
very much compatible with the neighboring cities. About 51%
of them are concentrated in the urban areas. Although, the
nonagricultural labor force represents 51.4% of the total labor
force, the non-agricultural output of the city is about six times
the agricultural output what may reflect the effective industrial
and commercial activities in the city [35].

The expansion of urban area in Baquba city took different
patterns in the last six decades or so. The overall urban growth
witnessed a steady rhythm in the first two decades between
mid-fifties and mid-seventies. Then a fast growth occurred in
the following ten years up to the mid-eighties. Later, a slower
pace of urban growth is noticed since the mid-eighties until
now as shown in Figure 3.

The total urban areas are categorized according to the
classification adopted by the local administration and planning
authorities into five categories; First; the residential area, in
which the buildings are intended or used primarily for housing,
and usually divided into areas of low-rise houses or vertical
housing units. Second; the commercial area where the
buildings are dedicated to shops, offices and commercial
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companies. The commercial areas are usually attached to the
residential areas. Third; industrial areas which are Intended for
industrial facilities including heavy manufacturing industries,
medium collective industries and light industrial facilities in
addition to the maintenance facilities. Fourth; public area
whose buildings are dedicated to institutional establishments
which are solely owned by the governmental agencies and
meant for the public services. The fifth category is the road
network areas which includes all the areas that occupied by all
types of roads [36-38].
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The growth of these categories shows different patterns.
Although; the residential and public areas showed the same
previously mentioned pattern, the growth of the commercial
and industrial areas showed a continuous increase in the value
of the annual rate of growth throughout the last six decades,
while the growth in the road area formed an S shape along the
same period starting with exponential increase in the first three
decades where the rate of annual growth is in steady increase
followed by a period of two decades in which the annual rate
of growth decreases gradually approaching zero, and finally, a
slight increase has occurred in the last ten years or so. These
growth patterns are shown in Figure 4.

The aforementioned growth patterns show a certain
incompatibility for some categories expand on the expense of
the others what may affect the overall balance between urban
categories resulting some serious service shortages and other
problems.

4. METHODOLOGY

In this study, an effort was paid to analyze the patterns of
urban growth in Baquba city in order to develop a system
dynamics model by which the urban growth process is
simulated for all urban categories in order to reveal their
impact on the road network area that seems to be negatively
affected by the unplanned urban expansion. In this model, all
the endogenous and exogenous factors that affect and govern
the growth process in each category are presented in a way that
provides the capability to assess the influence of each one of
them as well as their sensitivities what may grant the
competence to control the influential factors to ensure a
compatible urban growth in the future.

5. SYSTEM DYNAMICS MODELLING

As stated earlier, the system dynamics model was
developed to analyze the urban growth pattern dynamics. It is
very important to understand the causality in this model that
reveals the feedback influences in which an event will change
the state of the system in a way that eventually affect itself
after a certain amount of time delay. These feedback loops
interact among each other generating the dynamic behavior of
the system. In the following, a briefing to the main causal
loops of the urban growth model for Baquba city.

5.1 Population causal loop

The population is highly affected by the rates of births and
deaths, but it is also affected by the rate of people migration
from outside in or from inside out, mostly following the
employment opportunities or availability of services and
sometimes to run away from unpleasant community
environment due to acts of war or insurgency. Figure 5 shows
the population causal loop without the extensions of the in-
migration, which highly affected by the residential feedback
loop that is going to be discussed next.

It is worthwhile to state that population is involved in each
and every causal loop in this model due to the fact that all
urban constructions and facilities are provided essentially to
the people inhabitant in this city.

The population causal loops include the positive
(reinforcing) loop of the births represented by the loop #1 in
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Figure 5 which is mainly countered by the negative (balancing)
loop of deaths represented by the loop # 2. Another negative
loop affects the population of Baquba city which takes into
account the unemployment percentage and the amount of
influence it imposes on the rate of people migration out of the
city. This loop is symbolized by loop #3 in which the
“population” has a positive relation with the “labor force”, for
when it increases, the “labor force” increases as well and
conversely, when it decreases the “labor force” will decrease
too. The “labor force” in turn has the same relation with the
“unemployment” which is equal to the labor force minus the
available jobs and when the labor force increases, with a fixed
number of jobs, the unemployment will clearly increase. The
same positive relation is demonstrated between the
“unemployment” and the “effect of unemployment on out-
migration”. This effect has a positive influence on the “out-
migration”. Eventually; the “out-migration” has a negative
relation with the “population” for when the “out-migration”
increases, the “population” decreases. Accordingly; the initial
increment in the “population” leads to its final decline in the
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Figure 5. Population causal loop

There is another negative loop affecting the “population”
related to the residential areas in Baquba city. This loop will
be discussed with the loops controlling the residential area in
the next paragraph.

5.2 Residential causal loop

The residential causal loop could be regarded as the most
important one of all other loops due to the influence it imposes
on the whole urban growth process. It is considered as the
main motivation for the areal expansion, and the abundant
residential units available may encourage the in-migration a
great deal.

As population increases, the “residential area needed”
increases as well. This variable represents the total area of the
residential unit’s construction needed by the total population
on the bases of the unit residential area per capita.

The “residential area needed” has a negative relation with
the “residential difference index”. This index expresses the
relation between the residential area and the needed residential
area and it was designed to be equal to zero when these two
variables are equated. This situation is farfetched due to the
fact that the population growth rate derives an increase in the
needed area for residential units always higher than the areas
allocated by the local authorities for residential use all over the
last six decades.

According to the Iraqi manciple legislations, any urban



expansion related to residential housing construction must be
preceded by a preliminary step by which the intended area is
to be allocated to this purpose first, then the gradual residential
constructions may be initiated. Based on the historical
measures in Baquba, and many other similar cities in the
middle sector in Iraq, residential areas allocations usually take
place when the needed area for this purpose reaches one and a
half the actual residential area, but the additional area for
allocation mostly ranges about half the difference between the
total needed area and the actual residential area. Thus, after
each allocation process, an extra available area for residential
constructions is presented and the residential occupation ratio
is decreased. The “residential occupation” represents the
percentage of total allocated area that has been occupied by
residential constructions. When this percentage is low, there is
a plenty of vacant area with acceptable prices. This may very
well encourage the residential constructions and lead to
increase the occupied area and consequently increase the
“residential occupation” which in turn reduces the available
lands and rise the land prices what may discourage new
constructions and slow the residential growth rate. This
represents atypical negative (balancing) feedback loop which
is marked as loop #3 in Figure 6.

An embedded negative loop could also be observed in
Figure 6 referred to as loop # 2 which partially controls the
“Residential Area”. In this loop, the negative influence of
“Residential Area” on the “residential difference index” is
taken into account, while other consecutive influences
between the “Residential Allocation Area”, “residential
occupation”, “effect of residential occupation on construction”,
and “Residential Area”, are similar to those in loop # 3.

The expanded residential areas and the high number of
available housing units may represent a great encouragement
for people to move into the city and increasing its population.
Accordingly; the initial increment of the “population”
triggered the feedback loop containing, in sequence, the
“residential area needed”, “residential difference index”,
“Residential Allocation Area”, “residential occupation”,
“effect of residential occupation on construction”,
“Residential Area”, “effect of residential area on migration”,
“in-migration”, and finally cause a further increase in the
“population”. This makes it a positive (reinforcing) feedback
loop as shown in Figure 6, loop # 1.
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Figure 6. Residential area causal loop
5.3 Industrial causal loop

The industrial causal loop describes the growth behavior of
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industrial entities in terms of number, area, and employment.
As the unemployment is increased in the city and the number
of workers exceeds the available jobs, the wages usually go
down. The availability of affordable workforce may very well
encourage the industrial entities to expand or the establishment
of new industrial entities. The expansion in size and number
of industrial entities requires additional areas and additional
jobs which in turn affects the unemployment. Accordingly; the
main causality in this loop could be summarized in the
following sequence. When the “unemployment” increases, its
effect on industrial entities, denominated as “eff. Of
unemployment on L.E.,” will increase too causing an increment
in the “L.E. establishing rate” which will cause the increasing
of “Industrial Entities”. The additional industrial entities will
require an increment in “jobs” which will cause a noticeable
decreasing in the “unemployment” forming a negative
feedback loop that govern the balance in the labor market
within the city of Baquba. The industrial causal loop is
illustrated in Figure 7.
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5.4 Commercial causal loop

The commercial causal loop designates the balance between
the unemployment and the availability of affordable labor
force it may provide and the establishment of commercial
entities which requires more jobs that causes the diminution in
unemployment. This negative feedback loop is almost
identical to the Industrial causal loop as shown in Figure 8.
The main difference between them lies mainly in the number
of jobs and acreage required per the entity of each type, for the
unit area required by the industrial entity is about five times
that required by the commercial one, and the jobs it requires is
about twice that of the commercial entity. This is mainly due
to the nature of commercial and industrial activities in Baquba
city.
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5.5 Public causal loop

The public area has a unique nature for the constructions of
this category are solely performed by the governmental
agencies without much contribution from the individuals or
private entities. Two negative causal loops are governing the
public area growth, as shown in Figure 9, in the first the
“Public Area” has a negative relation with the “public area
index” which is designed to be equal to zero when the actual
public area and the needed public area are equal and in contrast
it increases to approach unity when the actual public area is
very small compared to the needed public area. The “public
area index” is positively related with its own effect on public
constructions “effect of P.A.1.” which also has positive effect
on the flow of “public constructions” that produces the expand
in the “Public Area” when increased. The second loop
describes the growth of “Public Area” in order to reach the
target represented by the “public area needed” which is equal
to the population times the unit area per capita needed for
public constructions. The difference between the needed and
the actual public area is the “gap” that need to be eliminated
by the public constructions flow. As population grow in
number the “public area needed” grows as well along with the
gap what may trigger an increasing in “public constructions”
to make an expansion in the “Public Area” to approach the
“public area needed” and close the gap.
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5.6 Comprehensive model causality

The aggregate causal loop diagram as shown in Figure 10
reveals that all feedback loops are centered around the
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population of the city. This is mainly due to the fact that all
types of urban growth are motivated by the population needs
in its essence. Yet, there are many factors that affect and
regulate the patterns of growth of the various urban categories.
Such factors like the local legislations and administrative acts
that govern the urban planning, the political authorities, the
economic prosperity, governmental central fund allocation,
governorate economic and financial policies, and many other
factors. These factors are not presented in details in the
qualitative modeling of the dynamic relations that concentrate
on the conceptual framework of the model.

5.7 Comprehensive model stock and flow diagram

The system dynamics model that simulates the
aforementioned relations was designed to encompass seven
stocks (levels) that give the accumulated values to the most
influential factors affecting the growth patterns. This model
contains five sub models dealing with the growth in residential,
public, commercial, industrial, and road areas as shown in
Figure 11.

As stated earlier, the “Population” stock plays a central role
in this model for it is influenced in the first place by the natural
births and deaths which are represented by an inflow and
outflow respectively, in addition to the increment incurred by
the in-migration and the decreasing taking place due to the out-
migration. Since the birth fraction and the average lifetime
were considered constants, the change in the rate of population
growth is mostly driven by the in and out migrations.

The in-migration is influenced by many factors, the most
important of which is the availability of affordable housing
units. This is because of the common society ethics and
believing’s. in this regard, as stated earlier, the reinforcing
loop by which the increment in population triggers the need
for more residential units which in turn stimulate more and
more people to move in the city producing more increasing in
the population. This loop is hindered, balanced, by the
procedures adopted by the city administration, according to the
local legislations, in allocating the additional lands for the
residential purposes. The negative influence is imposed on the
inflow “residential allocation rate” feeding the stock
“Residential Allocated Area” which in turn controls the areas
of available lands for residential construction and
consequently the residential area.
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The out-migration, on the other hand, is mostly driven by
the need for the job. The proximity to the capitol city of
Baghdad and the nature of the industrial and commercial basic
structures and the employment opportunities they provide as
compared to the local labor force necessitated this type of
relation between the population and the unemployment in the
form of out-migration rather than the in-migration. In fact, it
is quite uncommon to find local jobs occupied by employees
who live outside the city, while it is very usual for the residents
to work in neighboring cities especially the capitol Baghdad.

The unemployment reflects the interaction between the
growth in the commercial and industrial entities and the
population of the city through the out-migration flow that
affects the population.

The continuous growth in the residential, public,
commercial and industrial areas leads the total urban area of
the city to approach the ultimate boundaries of the city of
Baquba beyond which the local authorities have no
jurisdiction and no further expansion is permitted. This
approaching has its own impact on the urban growth especially
the residential category in terms of the total acreage and the
unit area of the housing units. This impact is materialized due
to the change in land prices as the vacant land is demolishing
and the capability of expansion is becoming more and more
difficult. It also has a critical impact on the roads area due to
the same reason. This impact is scaled depending on the ratio
of the available land for expansion to the total area of the city
jurisdiction as well as the ratios of each urban category as
compared to the area of the available land. It was found that
the most influential factors among these ratios are those of the
available area, residential area and the public area while the
commercial and industrial areas have minimal or negligible
influence probably because of their distribution and the overall
configuration of the city. The road area was negatively
affected by the rapid growth of residential and public areas as
well as the obvious shrinkage of the available land area. This
effect could be seen in the historical data plot, see Figure 4. e,
where it showed a huge decline in the late eighties of the past
century up to the midfirst decade of the new millenia after
which some enhancement could be seen in the growth rate of

227

road areas mainly because of the new administrative acts and
legislations enacted by the new authorities took charge in the
wake of the 2003 crises. These legislations raised the
minimum limit of road area in any newly allocated land for
urban extension in order to hamper the economic effect which
tends to decrease the lands allocated for road network
whenever the land prices are elevated.

The in-migration is influenced by many factors, the most
important of which is the availability of affordable housing
units. This is because of the common society ethics and
believing’s. in this regard, as stated earlier, the reinforcing
loop by which the increment in population triggers the need
for more residential units which in turn stimulate more and
more people to move in the city producing more increasing in
the population. This loop is hindered or balanced by the
procedures adopted by the city administration, according to the
local legislations, in allocating the additional lands for the
residential purposes. The negative influence is imposed on the
inflow “residential allocation rate” feeding the stock
“Residential Allocated Area” which in turn controls the areas
of available lands for residential construction and
consequently the residential area.

The out-migration, on the other hand, is mostly driven by
the need for the job. The proximity to the capitol city of
Baghdad and the nature of the industrial and commercial basic
structures and the employment opportunities they provide as
compared to the local labor force necessitated this type of
relation between the population and the unemployment in the
form of out-migration rather than the in-migration. In fact, it
is quite uncommon to find local jobs occupied by employees
who live outside the city, while it is very usual for the residents
to work in neighboring cities especially the capitol Baghdad.

The unemployment reflects the interaction between the
growth in the commercial and industrial entities and the
population of the city through the out-migration flow that
affects the population.

The continuous growth in the residential, public,
commercial and industrial areas leads the total urban area of
the city to approach the ultimate boundaries of the city of
Baquba beyond which the local authorities have no



jurisdiction and no further expansion is permitted. This
approaching has its own impact on the urban growth especially
the residential category in terms of the total acreage and the
unit area of the housing units [3]. This impact is materialized
due to the change in land prices as the vacant land is
demolishing and the capability of expansion is becoming more
and more difficult. It also has a critical impact on the roads
area due to the same reason. This impact is scaled depending
on the ratio of the available land for expansion to the total area
of the city jurisdiction as well as the ratios of each urban
category as compared to the area of the available land. It was
found that the most influential factors among these ratios are
those of the available area, residential area and the public area
while the commercial and industrial areas have minimal or
negligible influence probably because of their distribution and
the overall configuration of the city. The road area was
negatively affected by the rapid growth of residential and
public areas as well as the obvious shrinkage of the available
land area. This effect could be seen in the historical data plot,
see Figure 4. e, where it showed a huge decline in the late
eighties of the past century up to the midfirst decade of the
new millenia after which some enhancement could be seen in
the growth rate of road areas mainly because of the new
administrative acts and legislations enacted by the new
authorities took charge in the wake of the 2003 crises [39].
These legislations raised the minimum limit of road area in any
newly allocated land for urban extension in order to hamper
the economic effect which tends to decrease the lands
allocated for road network whenever the land prices are
elevated.

5.8 Simulation analysis

The simulation of the system dynamics model was
performed for the period of 60 years starting from 1957 until
2017 by using the values of the base year as initial values in
the main stocks of “Population”, “Residential Area”, “Public
Area”, “Commercial Entities”, “Industrial Entities” and “Road
Area”. The constants in this model were developed depending
on many correlation analyses between different variables
throughout the 60 years period. The same procedure was
conducted in determining the shapes of the relations imbedded
into the look up tables in this model. The overall behavior of
the system was also consulted to calibrate many parameters in
the model. For the verification of the model, the simulation
results of the main variables were plotted along with the actual
values as shown in Figure 12. (a) through (e). the proximity of
the values as well as the identical behavior over time showed
a very high degree of fitting to the actual values. At the same
time a statistical test was made to the predicted values as
compared to the actual ones for all urban categories and also
showed the goodness of fit as listed in Table 1 what may reveal
the accuracy of the system dynamics model and its eligibility
for simulating the urban growth process.

Table 1. Statistics of model prediction

Urban category  Adj. R2
Residential area 0.990
Public area 0.987
Commercial area 0.989
Industrial area 0.992
Road area 0.997
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5.9 Future projections

Depending on the system dynamics model which has been
validated for the urban growth in Baquba city, a future
prediction for this growth was made up to the year 2035. The
urban growth was estimated by the urban categories as they
interact dynamically up to the target year of which estimated
areas are listed in Table 2.
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Table 2. future projections of urban category areas

Category Areain 2017 Areain 2035 Net area change Change percentage
Residential 2080 2850 770 37%
Public 370 680 310 84%
Commercial 115 165 50 43%
industrial 350 415 65 19%
Roads 530 630 100 19%
Available lands 1755 460 -1255 -72%

Due to the previously mentioned urban expansion in
different categories while the total areal land jurisdiction of the
city of Baquba is fixed around 5200 hectares and it is very
difficult to extend beyond, the available lands are becoming
more and more scarce and the land prices is logically
becoming higher what may very well cause many impacts on
the urban growth process as explained earlier. The available
area for expansion is anticipated to shrink from 1750 hectares
in 2017 to 460 hectares in 2035 i.e., losing about 75% of its
original area as illustrated in Figure 13.
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Figure 13. Projected growth for urban categories
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6. CONCLUSIONS

In order to realize the dynamics driving the urban growth
patterns in Baquba city, a system dynamics model has been
developed in which the patterns of growth throughout the six
decades period from 1957 to 2017 were simulated. The main
conclusions drawn from the findings of this model could be
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summarized in the following:

The quantitative analyses presented in the stock and
flow diagram of the simulation model which contains
the most influential factors affecting the urban
growth in the form of accumulating stocks. The
simulation outcome proved a very high goodness of
fit with the actual value of recorded urban category
areas all over the 60 years of simulation period
proving the validity and applicability of the model.
The population growth of the city is not only
controlled by the rates of births and deaths but it is
deeply affected by two counter influences; the first is
the presence of abundant affordable houses which
positively influence the in-migration. This effect is
counterbalanced by the unemployment which
negatively influences the population by driving many
unemployed peoples to migrate out of the city.

The residential area growth pattern was found to be
controlled by three feedback influences; the first is
performed by the positive relation between the
population and residential houses for the increment in
each one reinforces the other what may lead to
exponential growth in both of them. while the
counterbalancing influence is performed by the
elevated prices of lands and houses as the housing
constructions covers high percentage of the
temporally allocated area for residential purposes
causing its saturation, in addition to the effect of the
shrinkage of the available lands for the urban growth
as a whole in the city of Baquba, which may lead to
hamper the new land allocation process for the any
urban category including residential one.

The growth patterns of both commercial and
industrial areas were found to be nearly identical.
This is mainly due to the fact that both are positively
influenced by the unemployment rate that may
provide the required labor for the expansion in the
entities of both categories, but this expansion will
help to increase job opportunities and eventually
decreasing unemployment.

The factors influencing the pattern of growth of the
road network area is identified in this model as the
residential and public areas in addition to the
remaining land within the jurisdiction of the city,
while the commercial and industrial areas have no
tangible influence due to their setting and the overall
configuration of the city.

The model shows the capability of demonstrating the
future projection of the urban growth patterns. In this
future projection the model displayed that up to the
target year of 2035 the urban growth of the city will
not reach the peripheral boarders of its jurisdiction
and there will still be a remaining land available for
urban expansion.



The model also revealed that the road network area is
expected to expand in an acceptable pattern in the following
years, what may suggest the adequacy of the legislations and
administrative acts that controls the relation between road area
and newly allocated area for urban expansion.
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