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Abstract

The parameters used for urban slum classificatiewater source, accessibility types, wall matsriabnditions
and types of waste disposal, roof and roof trusgpess, and cluster nature of the study areas axtaet by
NigeriaSAT-1 imagery data. Applications of remoensing are best and better appropriate way to ifglent
slums through the presence of the following featuheusing density, structure, and roof compositidmwever,

it was observed that the study areas had beercam@ition of virtual slum before 2005. The resufsousing
conditions classification shows that slums are rofessociated and characterized by substandard nigousi
structures, poor living conditions, narrow accdss o not allow vehicles, experience a high rdtdigease,
poor water quality, window and door made from sabdard material, and unhealthy disposal of wdste.
addition, the geo-statistical analysis also showitp@ relationship with the slum index; water (65(5%),
solid and liquid waste 0.3707 (37%), wall to thelding 0.7594 (76%), roof 0.3253 (33%), toilet wallb313
(53%), kitchen wall 0.6020 (60%), door 0.3191 (32%indow 0.4255 (43%) and accessibility 0.3167 (32%
the final analysis, it was observed that the methagree largely with the areas classified as slursqoatter
settlement. This conclusion was made based onethdts of the housing conditions classificationatistical
analysis and cluster nature of the study areadagisg in palette of Arcmap-10.1 supervised clasaifon. It is
recommended that, this classification approach desl dor assessing the state of housing conditiongban
slums.

Keywords: assessmenhousing conditions, urban/city slum, geospatiabathms

1.0 Introduction

Urban slum is an area of a city that is very padnere the houses are dirty and in bad conditiondo(@
Advanced Learner’s Dictionary). In the same veim,ding conditions is a complex and major factot tizen be
assess through the indicators of available livipgce, accessibility, basic sanitary facilities (@EQ011),
provision of housing, availability of water and stnuction materials. Slums have been given sevemales in
previous studies including ghettoes, squatter,hbligincontrolled, illegal, unplanned, shanty andiators,
among others. UN-Habitat (2007a) defines urban shsna densely populated city exclusive suburbs of
substandard housing and house to squatters. Omaxajenote, UN-HABITAT group report (2011) observed
that, most slums differ in sizes and lack relisgdaitation services, supply of clean water, rediadectricity and
enforcement of government policies. Urban slummfand grow in many different developing cities maftarly
Makoko slum in lagos, Kibera slum in Nairobi, folany several reasons (Giok and Kai, 2007), thaudes
rural-to-urban migration, high unemployment, poygrinformal economy, poor planning, politics, naiur
disasters and social conflicts (Patton, 1988: Guilyet al. 2010). It is easier to distinguish thensareas and
non-slum areas (Chandrasekhar, 2005), particularlge city of Abuja, where slum dwellers are ugual city
neighborhoods, inner suburbs and more common oartien outskirts. Slums in the Federal Capital (fg¢C)
have been predominantly found in the city centath substandard housing spread across it. The BeGapital
Development Administration (FCDA) often refuse &xaognize slums, because the slum are built on @idpu
land with substandard materials, or because ofaaethat quick official recognition will encourageore slum
formation and seizure of land illegally.

1.1 Background of the Study Area
The Federal Capital City, Abuja (FCC), Municipale&r Council of the Federal Capital Territory lieghin
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latitudes 820’ N and § 25’ N of the equator and within longitude$4%’ E and 739’ E (Figure 1). The study
areas is bordered to the north by Bwari Area Cduteithe east by Nasarawa State, to the south mektuje
Area Council and to the west by Gwagwalada AreanCibuAt the 2006 population census, the city ofufeb
Municipality Area Council had a population of 778%and an area of 890knthe Federal Capital City (FCC)
cover an area of about 250 sq.’kffhe specific study area includes; Jabi, DurunaitkG2 and Gishiri situated
either in city neighborhoods, inner suburbs ang aittskirts.

Figure 1. The mab of the Federal Capital City, Ahljigeria

1.2 Statement of Research Problem
The environment and geography of urban/city sluraasiplex, and to understand the evolutional fattirime
that statement, many isolated field questions rbeséntertain and not to be seen as discrete sntitie they
interact with each other. Toward this end the feil@ research questions are postulated;

e is there any observed defects in housing conditiotise city slum,

e Can the levels of building material used be adexyatassified,

e Can slum be detected with geo-spatial tools?
The slum area has witnessed remarkable expangiowttgand developmental activities such as criniegal
waste disposal, poor infrastructure and bad rejoutst It is therefore necessary for a study sucthssto be
carried out if urban slum will avoid the associaprdblems of a growing and expanding criminalitycidence
of diseases and substandard houses.

1.3 Aim and Objectives

The aim of this study is to assess the housingitiond as they influence the growth of urban slunsquatter
settlement in the Federal Capital City, Abuja, MigeTo achieve the aim, the study will focus oae tbllowing
objectives:

a. To develop a classification scheme for identidyurban or city slum

b. To facilitate a comparative analysis of hougingditions in the study areas

c. To provide a comprehensive analysis of the dmgeknd its condition

d. To assess the accuracy of the classifications

2.0 Slum and Housing Studies

According to World Bank statement report (2008} #wplains the reasons behind movement of peoplebtan
areas is primarily due to more jobs are achievablgties, reliable living conditions, and promisssmpetent
hospital and health services. Hammel (1964) wath@fopinion that urbanization creates slums bechcsd
governments administrator are unable to managenwatsas and migrant workers without an affordatdegto
live in, therefore, dwell in slums, squat withinlkiag distance to their place of formal or inforneahployment.
UN-HABITAT (2013) have estimated around 33% of thban population in the developing world in 2012, o
about 863 million people (United Nation, 2003)elivin slums. Their report further expatiates thapprtion of
urban population living in slums areas in Sub-Sahakfrica as 61.7%, South Asia 35%, Southeast B%b,
East Asia 28.2%, West Asia 24.6%, Oceania 24.1%n llemerica and the Caribbean 23.5%, and Northoafri
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13.3%. But taking into consideration of individwaluntries, the proportion of urban residents livinglum in
2009 was highest in the Central African Republic99b Understanding slum can be complex and cordusin
because isolated and disperse slum might be shiardgwvith the most developed built urban city, reteéerized

by substandard housing structures (Kundu, 2003jil&ly, Kimani-Murage and Ngindu (2007), expresses
dismay on the number of people occupying singletapt, further states that above five personseshawne-
room or 45 rof single apartment, the same room is equally fisedooking, sleeping and living, particularly
slum of Kolkata, India.

2.1 Poverty, Crime and Disease with respect to sudies

UN-HABITAT (2007b) strongly stresses that povertyceurages the formation and demand for slums,
particularly in developing countries. UN-HABITAT ffilher explains that slums are often the only ppati
option for the urban poor of which the incidencteraf slums correlates to poverty. However, slurreltars
occasional do experiences a high rate of diseassa(P2003), nevertheless critical one that haes beported

in slums includes cholera, HIV/AIDS (Burns and Sn@@12), malaria (Bhattacharyat al, 2013), typhoid
(Corner, et al., 2013) and drug resistant tubesisl@Vorld bank, 2013). It is believed that ovewmting of the
slums (UN-HABITAT, 2007c) favour the spread of dises due to the limited space occupied by the slum,
secondly poor living conditions also make slum derslmore vulnerable to certain diseases. Agbal0g) use
empirical data to suggest crime rates are highesome slums than in non-slums, with slum homicidlese
reducing life expectancy of a resident in a Brakiim by 7 years than for a resident in nearby HomgUnited
Nations Habitat, 2003).

3.0 M ethodology
The methodology of research is principally by asgigin of data, ground truthing and field validatjstatistical
approach and image classification.

3.1 Acquisition of Data

NigeriaSAT-1 satellite imagery of 2011 and the aegular grid coordinates (Easting (x) and Northiygof the
selected slum locations and features in the studyasawere acquired from National Space Research
Development Agency (NASRDA), Housing population s (NPC, 2006) and land-use data acquired from
Federal Capital Development Authority (FCDA) toias the identification and interpretation of feses of

the slum areas.

3.2 Ground truthing and field validation of Rem&tensing Data

The training site for selected slum area was cdebésed on the in-situ assessment of the siteedaorit during
the fieldwork and ground truthing exercise. Theutesf the ground truthing was also used as trajrsites for
supervised classification of the satellite imagHsving demarcated the study area, the slum areas we
identified on the scene. With the aid of On-Screégitizing module of archmap 10.1, the boundarieen
marked and stored as factor file.

3.3 Statistical Approach

Kriging is an interpolator that can be exact or sthed depending on the measurement error modisl.viry
flexible and allows you to investigate graphs oftsgd auto- and cross-correlation. Kriging usedistiaal
models that allow a variety of output surfacesudatg predictions, prediction standard errors, phility and
guantile. In this approach, the housing conditiohpotential importance were statistically matcheduilding
components of the slum, and provided a multivariggcription to assess the accuracy of the claasins.

3.4 Image Classification Procedure (Raster)

Having created the signature file, hence the dateeaddy for supervised classification however. Maxn
likelihood classification (MLC) and Principal Compent analysis (PCA) was carried out on the 2011
NigeriaSAT-1 imagery for the selected slum in tlegl€ral Capital City (FCC), Abuja, Nigeria using theage
Classificationmodule of Arcmap-10.1 GIS. Having used MLC and P& two images were overlay against
each other, further overrun PCA again to produclkear understanding of city slum.

4.0 Resultsand Discussion

4.1 Water supply

Figure 2 shows the main source of water supphhéosium dwellers that includes borehole, pipe waipen-
well, covered well, stream and others. Foremostrgmthem is open well with the highest of 35% iniJab
Durumi 24% and Gishiri 23%, and stream water with towest occurrences of 0% in Garki-2 and Durumi
respectively. The Figure 2 identified that overcdavg and poor quality of water is associated withmsarea
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(Wohl, 1977; Kimani-Murage & Ngindu, 2007: Unitechtibn, 2008)), whereby open-well water tends toeer
dozens of families and household. It further shtived stream water is not readily available in twWdhe slum
area investigated; Garki-2 and Durumi.
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Figure 2. The distribution pattern of available @ratource in the Study Area

Figure 3 show very low relationships of the obsedrwvater variables in the slum areas, of which, the
coefficients of determinatiorf for the source of water are 0.0341 (3%) in Gark®2,714 (17%) in Durumi,
0.0001 (0%) in Jabi and 0.008 (0%) in Gishiri. Tdessults indicate that the sources of water supily
correlate with the state of slum in the study ared shows a high strength in the relationship betwtae major
source of water (open well) and slum areas.
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Figure 3. he Slum’s relationship with sources of water

4.2 Solid and Liquid waste disposal systems

Figure 4 shows the two major waste disposal systethe study area, with the highest and lowest atiap
system of 18 in Gishiri and 11 in Garki-2 respeslyvresulting from illegal waste collection pointmd the
approved waste collection points recording 2 inibnirand 1 in Jabi as the highest and lowest resqgdet The
results also agrees with those of United Nationbitdt(2011) and Cristina (2009), that emphasizel#éitk of
services such as routine garbage collection mayvallbbish to accumulate in huge quantities. Thguie 4
also shows that the prominent way of disposingubbish and waste is by duping it anywhere as Iahtghe
available landcover is not being used. It is ctbat slums are vulnerable to extensive huge rubbastte.
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Figure 4. The distribution of waste collection patis in the Study Area

Figure 5 show some level of relationship of theesbed disposal variables. The coefficients of dabeation ¢
for the illegal waste collection points are 0.67868%) and approved waste collection points is 0/068/%).
These results indicate that the waste collectiordisposal points highly correlate with the statesbdfms
therefore, test of goodness of fit on the regressioalysis conducted shows a high strength in dlaionship
between the illegal waste disposal collection moartd slum areas.
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Figure 5. The Slum’s relationship with waste dispeystem

4.3 Wall to the building

Figure 6 shows types of wall materials used to peedthe building structure in the study area theitstst of
sandcrete block, mud/clay, used woods, paper cardbased leather and used clothes, with the higife838
occurrences made of mud/clay at Durumi and the $owé?2 in Garki-2 and Durumi made of used clothed
paper cardboard respectively. According to Ratli®45) and Kristof (1965) slum areas are charaetdrby
substandard housing structures with materials tetslei for housing. It was noted during field vexdiions
exercises that, few of the slum dwellers uses bainll cement, but without attention to proper desigd
structural engineering requirements.
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Figure 6. The distribution prn of wall material used in the Study Area

Figure 7 show positive relationship of the obserwedl variables in the slum areas, and furtherdaté the
coefficients of determinatiorf for the type of wall materials as 0.7614 (76%) G&k0.8997 Durumi (90%).
0.5575 (56%) and 0.8188 (82%) Gishiri . These tesudicate that the wall materials correlate vitie state
and conditions of the study area and shows a hirghgth in the relationship between the mud/clayenia and
slum areas.
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Figure 7. The Slum'’s relationship with the typeaafil material

4.4 Roof to the Building

Figure 8 shows the type of roof material use inghly area, with the highest of 44 at Jabi madasefl-zinc
and the lowest of 0 cases in Durumi and Garki-peesvely resulting from the use of grasses. Thgife 8 also
identify five major type of material used for praitg roof and roof trusses in the study area, @algrly, used
aluminium, used-zinc, leather/plastics and gras&esording Mandelker (1969), slums areas are valbler to
grasses, used zinc, torn metal pieces and plastidsvheld together by ropes as roofing material.
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Figure 8. The distribution of type of roof usedlie Study Area

Figure 9 show relationship of the observed roofaldes. The coefficients of determinatictfar the type of
roof are 0.0398 (4%), 0.2546 (25%), 0.9397 (94%) QD667 (1%). These results indicate that the tfp@of

did correlate with the state of slum in the studyea Likewise, the test of goodness of fit on thgression line
conducted shows a high strength in the relationsbtgreen the used zinc and slum areas.
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Figure 9. The Slum’s relationship with the roofimgterials

4.5 Toilet wall to the Building

Figure 10 shows five types of wall materials usegroduce the toilet structure that includes sastécblocks,
mud/clay, used zinc/ paper cardboard, used wocgks] leather and used clothes in the study ared, tivét
highest of 47 cases at Durumi made of mud/clay,thedowest of 7 cases in Garki-2 of paper cardifoaed
zinc. According to United Nations Human SettlemeRt®gramme (2003), shanty homes are often built
hurriedly, on ad hoc basis, with materials unsugdbr housing. Often the construction qualitynadequate to
withstand heavy rains, high winds and other assetielimate related problems.
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Figure 10. The distribution patterftoilet wall used in the Study Area

Figure 11 show relationship of the observed taital materials of the slum areas, of which the tioets of

determination 7for the type of wall are 0.3400 (34%) Garki-2, 68384%) Durumi, 0.4053 (41%) Jabi and

0.5435 (54%) Gishiri. These results indicate thattype of toilet wall correlate with the conditiohslum in the

study area and shows a high strength in the relstiip between the mud/clay and slum areas.
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Figure 11. The Slum'’s relationship with the tygeaiet wall

4.6 Kitchen wall to the Building

Figure 12 shows type of wall material used for pneduction of kitchen structure spotted as foll@andcrete,
mud/clay, paper cardboard/used zinc, used wooeas| lesther and used clothes, with the highest afadgs in
Durumi made of mud/clay, and the lower of 2 caseSishiri and Durumi respectively.
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Figure 12. The distribution pattern of kitchen walthe Study Area

Figure 13 show relationships of the observed kitcvall materials and the coefficients of deternimat? for

the type of wall as 0.655 (66%) in Garki-2, 0.686%) in Durumi, 0.6286 (63%) in Jabi and 0.4608%4 in

Gishiri. These results indicate that the type ¢¢hén wall correlate with the characteristic ofislin the study
area and also shows a high strength in the rektiiprbetween the mud/clay and slum areas.
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Figure 13. The Slum’s relationship with the type&ip€¢hen wall

4.7 Door to the Building

Figure 14 shows and identifies five major type obdmaterial in use in the study area that includesed metal
plate, used woods, used zinc sheet, paper cardhwardimproved door and leather/clothes, with tlghdést of
28 at Gishiri made of used-metal plate and the &0wé3 made of paper cardboard in Garki-2.
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Figure 14. The distribution pattern of door typehe Study Area
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Figure 15 show relationship of the observed dootenas of the study areas, of which the coeffitseof
determination 7for the type of door material are 0.4751 (Garki))988 (Durumi), 0.0022 (Jabi) and 0.7605
(Gishiri). Reliably, this result confirms that thype of door material particularly used-metal pldig correlate
with the state of slum in the study area and shoWigh strength in their relationship.
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Figure 15. The Slum'’s relationship with the typedobr

4.8 Window to the Building

Figure 16 shows the types of window material usedhe study area that includes metal/steel, loyvers
aluminium used woods, paper cardboard/used zime leather and used clothes, with the highest afaé@s at
Durumi made of used-wood as window, and the lowé&t cases at Gaarki-2 of paper cardboard/useditire.
pertinent to note that, the slum investigated lmablez been destroyed and residents were not elithen they
return to rebuild their houses with the same dgettomaterial (Desai, 2003) and other substandailditg
materials.

W Garki-2

B Durumi

Jabi

W Gishiri

Figure 16. The distribution pattern of window tyipghe Study Area

Figure 17 show relationship of the observed windeaviables of the slum areas, with the coefficieots
determination ¥for the type of window material as 0.1555 (76%) k& 0.8222 (82%) Durumi, 0.5634 (56%)
Jabi and 0.1618 (16%) Gishiri. These results irdithat the type of window material correlate vttt state of
slum in the study area and more importantly showigh strength in the relationship between the wgedd
and slum areas.

10
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Figure 17. The Slum'’s relationship with the typendfidow material

4.9 Accessibility

Figure 18 shows types of access in the study #naaconsist of, motorable, tarred and drains; madtie and
tarred; motorable and graded; local-surfacing dasy access and footpath, with the highest of 4&&sca
designated to motorable but graded, and the lookeS5t cases made of motorable, tarred and providdu
drainages. According to Hamza and Zetter (1998nskrea are associated with streets of too namoalidw
proper and quick access to fire control trucks Whscconsistent with the study area.
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Figure 18. Pattern distribution pattern of accebsiltype inthe Study Area

Figure 19 show positive but low relationship of titeserved accessibility variables of which the fioeints of
determination ¥for the most available type of access are estimasefbllow: Garki-2 recording 0.3766 (38%),
Durumi 0.4367 (44%), Jabi 0.2088 (21%) and Gishi446 (24%). These results indicate that the sthte
accessibility did correlate with slum formationtime study area and shows a low strength in theioakhip
between the type of access in Garki-2 (35), Dur(®®), Jabi (30) and Gishiri (25).

11
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Figure 19. The Slum'’s relationship with the typeaotessibility

Figures 20, 21, 22 and 23 shows the classifiedlisatienages of Garki-2, Durumi, Jabi and Gishespectively
using MLC displayed in the qualitative color padetind the generated map of the slum areas usirspagal
tools. The Figures 20-23 also indicates that, theeoved variance in colour cluster together, shthas the
study area has a predominantly cluster of featypeimts and objects, of which it demonstrates debetay of
differentiating or discriminating slum from non-sluarea. However, it clearly separate the slum Jugilfrom
the urban built-up with appreciable variance inocolcluster together. Furthermore, Figures 20-28ashthe
cluster nature of the slum built-up area with cepanding appearance of variance in colour dendiigreby

creating a model for identifying the slum area.
v%d
4
2]
w%:

Figure 21. The 2011 classified dit¢eimagery and the generated map of Durumi usihe®
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Figure 23. The 2011 classified satellite image thedgenerated map of Jabi using MLC

4.10 Discussion and Analysis of Results

A close examination of the classified housing ctiads (Figures 2, 4, 6, 8, 10,12,14,16 and 18)hef study
area produced the best result to be used to asgeasd identifying slum within an urban city. Hoveeya
classification scheme is developed for assessingittons of housing facilities in relation to thbserved state
of slums which could further assist to identifyislyim’s ecology. However, the result of correlat@malysis
conducted explains that observed housing conditi@ssrelationship with applicable slum index; wa&ie3%,
solid and liquid waste 1.0%, wall to the buildingg®19, roof 0.8229, toilet wall 0.9522, kitchen W&l9348,
door 0.6586, window 0.7444 and accessibility 0.94Bgures 3,5,7,9,11,13,15,17 and 19). The claskifi
satellite imagery (Figures 20 to 23) in relatiorthe field verification of the slum identificatiggut MLC as the
most approximate representation for identifyingvskand its various sizes.

Furthermore, the MLC has more of best and bettsultrevhen use to classify and estimate variancsluwh

built-up. Overall 100% of the conditions of housiagilities sampled confirmed that they are livingh defects
(Table 1). The classification of the accuracy ofising conditions shows a total of 36 samples wecended for
Garki-2, Durumi, Jabi and Gishiri slum areas ttatréported to have 19.44% facilities in decay, 4%6
facilities deteriorating and 38.89% of low qualffyable 1). Based on the adequate prior knowledgbeo§lums,
Federal Capital City (FCC), Abuja, table 1 showstkend the most approximate representation of teasa
hence used as the reference in assessing the iooedif housing, further indicates the most affdctéabi,

Gishiri and Durumi.
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Table 1 The Summary of the classifications accuracy ofsirogiconditions

&0

35

30

75
—
= +
= l'.ﬂ
=
E’ 15
[T

10

2

D . e -y .

water | access | wasie wall |dnm window foilet |ldtchen | roof

| —pmGarki-2| 32 17 15 a7 | =8 34 | 8 22 4
I-I-Durumn 2 7 11 31 | 22 27 | & 15 2
—d=1ahi 20 10 & 16 | 23 | 4 13 2
—=—Gishiri | 12 & s 18 | 3 - 15 3

Note: Decay (0-5%), Deteriorating (6-18%), Low qtya{19-39%), Quality (40-59%) and High quality (60
100%)

5.0 Conclusion

The distribution of slums within the Federal Capi@ity (FCC) varies in land-use types, poor qualigter,
illegal waste disposal collection points, lacksess; substandard wall, low quality doors and wirglofwvhich,
it is easier to distinguish the slum-areas and slam areas. In Garki-2 and Durumi in particulagnsidwellers
are usually in city neighborhoods, while in Jabil &pana, they are more common on the urban ousKitte
FCC slums are not just marginalized neighborhoaudifg a small population, but slums are widespyeand
are home to a large part of urban population. Maygortantly, the study has shown that a detailsifasition of
the component of houses and its associated conslitgiatistical approach, supervised classificatiimfs could
produce best result for urban slum identificatiod &erification. One of the identifying charactéds of all the
slums in the study area is the lack of inadequafie drinking water, electricity, basic health cdi®/ambulance
services, sanitation and paved roads. Again, tlkesspread and intensive distribution of slum in Heeleral
Capital City, Abuja is mainly due to informal latehure, poverty, deficiency of practical housindi@g lack of
affordable low cost housing, poor planning andittadility of governments to meet their needs fatredweller
to rely on their own.
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