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ABSTRACT

Nowadays Iraq has encountered serious challenges, including war, terrorism, and economic crisis. This
problem has seriously reduced the ability of this country to provide a decent life for its citizens and this
perfectly highlights the necessity of various aspects of livability. Based on this view, in this research
environmental livability is assessed as one of the important aspects of livability. With this purpose in mind, in
this paper A.H.P model was used to determine the relative importance of criteria and GIS was used to
overlay the layer and to create the environmental livability map. The methodology used in this research is
descriptive, comparative, analytical, and field work as well as a questionnaire, and the data used in this
research are taken from the statistical book published under the title of Iragi Household Socio—Economic
Survey (IHSES) in 2012. Sample size is 25,488 households. The criteria used are the percentage of households
of Iragi governorates that are affected and are close to the following conditions: 1- smoke and gases, 2- dust,
3- bad odor, 4- noise, 5- garbage and dirt, and 6- stagnant water. The final map classifies the governorates
into five classes in terms of livability (relatively unsuitable, unsuitable, strongly unsuitable, very strongly
unsuitable, and extremely unsuitable). Achieved weight of A.H.P model shows that garbage and dirt (0.249)
and stagnant water (0.221) are the most important criteria. Results obtained from the final maps show the
households of Nineveh, Al-Qadisiyah, and Missan governorates to have the worst condition in terms of
environmental livability.
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LITERATURE

In its original sense, livability means the
ability to have human life. This subject was
obtained from ecological sustainability, and
solving social and economic problems. Livability
or viability in a general sense is linked with some
concepts and terms, including sustainability, the
quality of life or the quality of place and healthy
societies. Livable settlement is the appropriate
space to live in and work (Nel &Goldman,
2006:5). Indicators measuring the viability vary
from one country to another, since viability should
be evaluated within the specified time and place.

Livability is divided into four interdependent
dimensions: economic, social, cultural and
environmental (refer to Table 1). Creating a
habitable settlement is one of the duties and
obligations of planners and city managers.
Viability is a new subject that can support
planning activities and development. This is
necessary for geographers to follow this subject
seriously. Secondly, the subject of livability is not
limited to urban planners; rather all citizens who
live in the city and have civil rights are involved
in it (Hankins, 2009:84).

Table(1):-Types of Livability and Vitality of Charles Landry

1-Economic vitality
That is examined with variable levels of
employment, net income, living
standards in the area under study, the
annual number of tourists and retailer
performance and the value of land and
property.

2-Social vitality
That is measured with variable levels and

Types of vitality and livability

Livability means long-term self-
sufficiency, sustainability,
compatibility, adaptability and

rehabilitation, vitality in activity levels,
participation, interaction and
relationship, in the outside word.
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the nature of social activities and social
interactions

3-Environmental vitality
Covers two aspects:
A.Ecological sustainability is measured
via variables such as air pollution, noise
and waste disposal, sewage and traffic
density and green space.
B.Environmental vitality is designed by
some variables as readability and a sense
of place and architectural distinctions and
connections in different parts of the city
and lighting quality. How well as urban
environment  friendly, safe and
psychologically is approachable

4-Cultural vitality
Including survival, respect, honoring the
city and its people, identity, memories and
social celebrations, production,
distribution and consumption of products
that reflect the distinct identity of the
people of the city.

Source: Ch. Landry, 2000, quoted from Habibi , 2013 &T. Heydari,2015

Environmental livability is one of the
important aspects of livability that is targeted
health, safety, comfort, beauty, and cleaning of
human environment.

MATERIALS AND METHODS

The study was carried out at the level of Iraqi
governorates. Therefore, the statistical society is
total population of Iraqi states living across 18
governorates.

Key data were obtained from field survey
using questionnaire method, which was conducted
by the Central Organization for Statistics and

Kurdistan Region Statistics Organization (KRSO)
in collaboration with World Bank in a project
called Irag Household Socio-Economic Survey
(IHSES) in 2012.

Data were collected using sample survey. The
IHSES-II (2012) intends to provide estimators of
comparable quality for each one of Iraq’s 18
governorates. This implies that the sample should
be explicitly stratified by Gadah (District). A
sample size of 216 households per district is
proposed, equivalent to a total sample of 25,488
households for the country (COSIT & KRSO &
the Word Bank, Iraq Household Socio-Economic
survey, second round, p. 3, 2012).

Information Technology (COSIT) and the
Table( 2):- Sample Size (Households participating IHSES project) of each Governorate
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Reference: http://microdata.worldbank.org/index.php/catalog/2334/data_dictionary

To perform the analysis, first, IHSES 2012
data was entered into attribute table of Arc
GI1S10.2 software and they were linked to Iraqi
governorate map. In the next step, based on each
criteria, governorates were classified into five
classes in terms of livability according to experts
(Table 4): relatively unsuitable (code 1),
unsuitable ( code 3), strongly unsuitable (code 5),
very strongly unsuitable (code 7) and extremely
unsuitable (code 9). Then, layers were made
according to the level of suitability of livability
(Map1-6) and were converted into raster format
(appropriate format for overlaying). In order to

determine the relative importance and weight of
criteria, Analytic Hierarchy Process (A.H.P)
model was used that consists of two steps: 1.
determining the weight of criteria and 2.
Calculation of consistency ratio (CR) to ensure
that the calculated weights are reliable based on
A.H.P logic (when CR« 0.1 is acceptable). In this
research, CR is 0.02. In the last step, layers are
combined with raster overlay tools in Arc GIS10.2
to make the final map of environmental livability
(Map 8). The following flowchart shows the steps
of study.

Flow chartl: The Process of Research

Assessment of Environmental Livability of Iragi governorates
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Table(3):- Percent of Household affected by Unsuitable Environmental Conditions

Governorate Smoke Dust Bad Odor Noise Garbage Stagnant Water
&Gases
Duhok 10.1 38.8 28.9 18.3 14.7 16.2
Ninevah 12.1 48.9 26.9 14.9 43.3 44.4
Sulaimaniya 3.6 26.2 13.0 5.9 8.0 6.3
Kirkuk 21 20.7 8.6 2.3 14.8 345
Erbil 12.3 27.9 20.8 121 16.0 11.6
Diala 7.0 25.7 10.8 7.8 12.7 27.9
AL-Anbar 1.8 21.4 9.4 4.0 141 17.2
Baghdad 8.3 17.9 19.9 13.1 21.9 28.5
Babil 7.3 34.6 16.0 9.8 15.2 40.8
Kerbela 2.6 6.4 8.3 4.7 124 14.9
Wasit 8.9 23.6 12.8 4.3 15.6 22.0
Salahadin 9.4 27.7 14.6 10.3 16.1 21.0
AL-Najaf 1.4 33 1.2 1.1 3.1 7.9
AL-Qadisiya 45 20.6 36.2 10.1 30.4 55.9
AL-Muthanna 14 1.3 0.2 0.6 1.0 2.2
Thi Qar 9.6 13.1 20.0 5.8 28.4 39.2
Missan 9.9 20.3 27.4 17.4 33.8 43.0
Basrah 7.2 17.1 154 7.3 14.3 26.6
Iraq 7.1 24.2 16.9 9.0 18.0 241

Reference: http://microdata.worldbank.org/index.php/catalog/2334/data_dictionary
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Map?7: Choropleth Map of Comparison of Iragi Governorate based of Environmental Criteria

RESULTS

As mentioned in this article, IHSES2012 data
have been evaluated to classify Iraqi governorates
based on unfavorable environmental criteria.
Maps based on each criterion show different
results as: In terms of garbage and dirt, Nineveh is
in extremely unsuitable class and Missan and Al-
Qadisiyah are very strongly unsuitable;
Sulaymaniyah, Najaf and Al-Mothana are in the
best conditions among Iragi governorates (Map1).
The map of people influenced by stagnant
water shows that Nineveh, Babil, Missan, and Al-
Qadisiyah are in the most difficult situation
(Map 2).

The map of people influenced by stagnant
water shows that Nineveh, Babil, Missan, and Al-

40"00"E 42°30°0"E

Qadisiyah are in the most difficult situation (Map
2). In terms of bad odor criteria, west and
southwest governorates are better than others are.
Al- Qadisiyah is the worst (Map 3). The map of
governorates influenced by smoke and gas shows
that Nineveh, Duhok, and Erbil are strongly
unsuitable. The reason may be the establishment
of oil refineries and gas industries as well as war.
Other provinces are relatively unsuitable (Map 4).
The map of effectiveness from garbage shows that
Nineveh is in the worst conditions. In general, the
Southern provinces are better than central and
Northern provinces are (Map 5). The map of noise
shows that Nineveh, Duhok, Salahadin, Erbil,
Bagdad, and Missan are strongly unsuitable. Other
governorates are in relatively unsuitable (Map 6).
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Map(2):-Environmental Livability of Iragi Governorate according stagnant water
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Map3:Environmental Livability of Iraqi Livability of Iragi Governorate according Bad Odor Smoke and Gases
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Map5:Environmental Livability of Iraqi Governorate according Dust
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Map6:Environmental Livability of Iragi Governorate according Noise

Reference: The authors draw based on IHSES2012 data and ArcGIS10.2 software and AHP model

Table(4): -Sub criteria Matrix

Criteria Criteria AHP Weight Relatively  Unsuitable Strong Very Strong Extreme
Unsuitable Unsuitable Unsuitable Unsuitable
1 3 5 7 9
0-10% *
Garbage 10.1 - 20% *
Garbage &Dirt 20.1 — 30% *
&Dirt 30.1 — 40% *
More than 40.1% *
Stagnate Smoke & 0—10% *
Water Gas 10.1 - 20% *
20.1 — 30% *
30.1 — 40% *
More than 40.1% *
Smoke Foul Odor 0—10% *
& Gas 10.1- 20% *
20.1 — 30% *
30.1 — 40% *
More than 40.1% *
Foul Dust 0-—10% *
Odor 10.1- 20% *
20.1 — 30% *
30.1 — 40% *
More than 40.1% *
Dust Noise 0-—10% *
10.1- 20% *
20.1 — 30% *
30.1 — 40% *
More than 40.1% *
Noise Smoke & 0—10% *
Gas 10.1 - 20% *
20.1 — 30% *
30.1-40% *

More than 40.1% *
Reference: calculation of Authors
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Results matching Analytic Hierarchy Model (0.176), foul odor (0.140), dust (0.124), and noise
(A.H.P) on the criteria show that garbage and dirt ~ (0.08) (Table 5). In the next step, to ensure that the
(0.249) are the most important criteria, stagnant  obtained weights are acceptable, Consistency
water (0.221) is in the second rank, calculated Ratio (CR) was calculated. The value of 0.02 was
weights for other criteria are: smoke and gases  confirmed.

. Table(5):- matrix of pair wise comparison of the evaluation criterions

c —
2 g = £f sz O
s 3 3 © o o 0 g0 c£= T
£ E o © & a 2 56 > <
3} 3 o = o < s i
iy IS 2 @
2 & (U] X e 3
T
Garbage 2 1.42 1.42 1 2 2 16.23 1586  0.249
&Dirt
Stagnate 2 1.42 1 0.70 2 2 7.952 1410 022
Water 1
Smoke & 1.42 1 00.70 00.70 1.42 2 1976 1119 0.176
Gas
Foul Odor 1 0.70 0.50 0.50 1.42 2 0.497  0.890  00.140
Dust 0.70 0.70 0.50 0.50 1 1 0245 0.791 _ 0.124
Noise 0.50 0.50 0.50 0.50 0.50 2 0.031 0561 _ 0.08
Sum 6.357 1
( b Xl/n)
Reference : Calculations of Authors based on AHP model Steps of calculating of consistency ratio (CR)
1) Eigen vector matrix(AW) (saaty,1980).
1.473
[ 1.309 l
1.02
* =
(Al 1Bl | 0810 |
l 0.727 J
. - 0525 . . . o .
While [A ]is pair wise comparison matrix and [B]is vector of weight (final weight)
2- Priority Vector(saaty,1980).
A = l [Z (ﬂ)] — l [1.4-73 + 1.309 + g + E + 0.727 + 0.525] —5383
.n Wi . 6 ! 0.24 . 0.2_2 0.17_ 0.1_4- . 0.12 _0.08_
n is number of criteria, AW is Eigen matrix, W, is weight of criteria ,
3- Consistency Index (Cl) (saaty,1980).
cl =S = 5'::6 = 0.034 , While n is number of criteria, A is priority vector
4- Consistency Ratio (CR) (saaty,1980).
CR= % = % = 0.02 , clis consistency index and RI is Random index that taken from below table
Table(6):- Random Index (RI) Table
13 12 11 10 9 8 7 6 5 4 3 2 Number of
Criteria(n)
0 058 09 112 124 132 141 145 149 151 148 156 Random Index(RI)
Reference: Zebardast,2001
Final results of this research classify Iraqi in ArcGIS software according to the weight of
governorates into 5 classes according to the each criteria showed in the form of map and table

integrating layers map by raster overlay function as follows.
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Map (8): -Final map of Environmental livability
Reference : Calculations of Authors based on AHP model and Raster Overlay in ArcGIS10.2

Table7: Classifying of Iragi governorates based Environmental livability criteria

Class Environmental Condition Governorate Number of
Governorat
e
1 Relatively Unsuitable Al_Najaf, Al Muthanna 2
Unsuitable Sulaimaniye 1
Strong Unsuitable Basrah, Wasit, Baghdad, Diala, Salahadin , Kirkuk, Erbil, Duhok 8
4 Very Strong Unsuitable Babil , Thi Qar 2
5 Extreme Unsuitable Ninevah , Al Qadesiye , Missan 3

Reference : Calculation of Authors using AHP model and Arc GIS10.2
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