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Abstract: Increasing urbanisation and sub-optimal locations of urban amenities and utilities has resulted in many cities 

facing environmental, land use and socio-economic challenges. This can be mitigated by the implementation of cost-effective 

urban development plans and policies together with an in-depth understanding of the interactions existing between urban 

natural and human systems, an undertaking reliably aided by geospatial technologies notably Remote Sensing, Geographical 

Information Systems, Global Positioning System and Photogrammetry. Over the year, this has enabled geospatial technology to 

gain primacy in the urban study areas such as the modelling of urban morphology, development of urban plans and in the study 

of other urbanization phenomena such as heat balance, air quality and transportation management among others. However, the 

accuracy, validity and reliability of the by-products of such operations are dependent on the quality of the datasets used. This 

paper is therefore anchored on an understanding of urban morphology, factors determining its changes over time and 

demonstrated achievements of the utility of geospatial technology in the study of the same. The paper concludes with policy 

implications for the applications of the geospatial technology in urban studies. 

Keywords: Urban Morphology, Geospatial Technology, Data Capture, Urban Planning, Land Use, Land Cover 

 

1. Introduction 

Cities are dynamic in response to their environmental 

afflictions over time. However, a review of urban research in 

the developing countries reveals that even though research 

proposals in the 1990s prioritised urbanisation and allied 

environmental topics, there is scanty evidence of those 

researches having been completed and disseminated [37]. 

This was occasioned by inadequacy of data in addition to 

poor analytical frameworks for understanding the magnitude 

and trends of urbanisation as well as how the phenomenon 

relates to global warming and climate change. However, the 

problem may be mitigated through adoption of geospatial 

information systems - a terminology encompassing Satellite 

Remote Sensing, Geographical Information Systems (GIS), 

Global Navigation Satellite systems, Cartography and 

Photogrammetry. The technology enables mapping of urban 

morphological parameters as well as modelling the 

relationship existing between urbanisation and environmental 

quality conditions such as air quality and surface temperature 

values, the prediction of the impact of urbanisation and allied 

anthropogenic activities on biodiversity, climate change and 

global warming whose mitigation are imperative in the 

realisation of sustainable human settlements, economic 

development, improvements in human health and 

minimisation of land use conflicts among others. 

Geographical Information Systems is a geospatial system 

designed to capture, manipulate, store and manage geo-

referenced data for the solution of spatial problems. Data 

inputs for GIS are satellite remote sensing imageries, 

Photogrammetry and Global Positioning System products [21, 

66]. The technology can be traced to more than 200 years ago 

when Alexander von Humboldt introduced the science of 

Geography which views the world as consisting of series of 

interrelated and interdependent processes. The first 

application of the GIS concept was made in the year 1832 

when Charles Picquet created a map depicting the 

distribution of cholera outbreak across 48 districts of Paris 
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[39]. Similarly, John Snow adopted the technique in the year 

1854 to understand the causes of cholera in London. While 

Horticulturist and Landscape Architect Warren Manning used 

map overlays to integrate various physical and cultural 

factors for site planning, Ian McHarg popularized 

Humboldt’s and Manning’s ideas in his 1969 publication - 

Design with Nature [19]. Photo-zincography, a printing 

technique that was developed in the 20
th

 Century enabled the 

separation of map layers and provided an opportunity for the 

advancement of GIS as evidenced by the works of Waldo 

Tobler who is regarded as the first geographic information 

scientist [16]. Waldo Tobler used quantitative methods, 

computer algorithms and software tools to model geographic 

processes. In the 1960s, Roger Tomlinson conceptualised and 

built the first GIS in Canada while Carl Steinitz, an Urban 

Planner at Harvard University, pioneered many of the early 

ideas about the application of GIS for landscape analysis and 

urban planning [23, 38, 99]. The GIS concepts advanced in 

the 1970s and 1980s to witness the uptake of the technology 

by national agencies and institutionalization of the same by 

universities into academic discipline. Other developments 

have been witnessed in GIS software developments and their 

commercialization as corroborated by Esri - the software 

company that developed ArcView. While the focus of the 

technology has been on the provision of services, 

management of assets and gathering of the business 

intelligence among others, its frontiers have since shifted to 

data sharing across multiple platforms. 

On the other hand, developments in Photogrammetry and 

the launch of the Landsat satellite system in the year 1972 

began a period of major advances in the science and 

technology of remote sensing. Further to the above, 

advancements in computer technology in both hardware and 

software, developments in computer-aided cartography and 

graphics, new sources of geographic information such as the 

Global Positioning System and high-resolution satellite 

imageries and influx of internet technology have 

revolutionized spatial data collection and processing to 

support numerous applications and geospatial decision-making. 

The availability of geospatial data in digital form has 

facilitated three-dimensional geospatial simulations which are 

crucial for urban morphological analysis [44]. While the utility 

of geospatial techniques in the study of urban morphology 

finds its usefulness in its ability to integrate remote sensing, 

photogrammetric, cartographic and other ancillary data with 

GIS, the accuracy, validity and reliability of the by-products of 

such operations are dependent on the quality of the datasets 

used. For example, remote sensing data depending on the type 

of platform and sensor used have shortcomings occasioned by 

spatial and spectral resolutions required for the analysis of 

various urban morphological parameters. Currently, scientists 

are utilising the geospatial technology to collect and manage 

spatial data, measure, model and visualise spatial relationships, 

monitor urban environmental changes by establishing the 

nature, magnitude, trends and patterns of such changes. This 

has made the technology more relevant and appropriate in 

sustainable urban development. 

1.1. Objective of the Paper 

The purpose of this paper is to review the trends in the 

application of geospatial technology in urban morphology 

data capture and studies. 

1.2. Problem Statement 

This paper is guided by the question on how the challenge 

of insufficient spatial data required for urban morphological 

and management inquiries can be alleviated? The dearth of 

various research findings and reviews in this domain of 

knowledge provides justification for the paper. 

2. Method and Materials 

This review was guided by critical thinking research 

approach, which involves analysis of relevant literature on a 

phenomenon to enable researchers draw conclusion (s) on 

whether a claim is true, sometimes true, partly true or false. 

Critical thinking utilises observation, interpretation, inference, 

context skills, evaluation, explanation, meta-cognition, logic 

and applicable theoretical constructs for understanding the 

problem and the research question at hand to discern 

judgement. Other methods applied in critical thinking include 

broad intellectual criteria such as clarity, credibility, accuracy, 

precision, relevance, depth, significance and fairness [30]. 

The literature analyzed herein entails theoretical basis on 

urban morphological differentiation and the utility of 

geospatial techniques in the study of the same. To arrive at 

the conclusion, various arguments advanced by scholars are 

subjected to evaluation on their validity, reliability, logic and 

coherence. 

3. Literature Review 

3.1. The Determinants of Urban Morphological 

Differentiations 

The concept of urban morphology was first expressed in 

the writings of the Poet and Philosopher Johann Wolfgang 

von Goethe in the year 1790. Since then, the term has been 

used in Geography, Urban Planning, Architecture and other 

related disciplines. Scholars have defined the concept 

depending on the focus of their studies. For example, 

Gilliland and Gauthier [42] define urban morphology as the 

study of a city’s physical form which consists of 

development density, land use, street patterns and building 

configuration while Moudon [73] defines urban morphology 

as the study of a city as a human habitat. Despite diverse 

definitions of urban morphology by various scholars, an area 

of convergence is that an analysis of a city’s morphology 

should begin with dissection of how the city has evolved 

over time and space, identification of the urban elements and 

transformations which have taken place on the elements as 

well as how the physical form produces various social forms 

[82]. Urban morphology has since evolved to discern the 

physical approach into a body of knowledge analysing the 
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urban fabric as a means of understanding the urban structure 

[72]. This approach challenges the perception of urban 

centres as chaotic organic environments. According to 

Moudon [73], urban morphologists focus on socio-economic 

forces moulding cities through constant transformation of 

elements notably the buildings, gardens, streets, parks and 

monuments. This portrays cities as unconscious products that 

emerge over a long period of time through accrual of 

successive generations of developments which leaves traces 

that restructure the urban elements by either providing 

opportunities or constraints to successive developments. This 

has led many scholars to prefer the term urban morphogenesis 

to describe the field of study and the logic of these traces. 

Three schools of thought exist in the study of urban 

morphology namely; the Italian, the British and the French 

[88]. The Italian school of thought dates from the year 1940s 

and is centred on the works of Saverio Muratori who 

attempted to develop an operational history for the cities he 

studied. This was meant to provide rationale for the 

integration of new architectural works in the syntax of the 

urban tissue [31]. Muratori’s views were further advanced by 

Gianfranco Caniggia who conceptualised a city as a dynamic 

procedural typology of buildings, gardens, streets, parks and 

monuments shaped by political and economic force [33]. The 

British school of thought is centred on the works of M. R. G 

Conzen, who developed a technique called town-plan 

analysis [73]. For Conzen, understanding the urban building 

fabric and land use through history is imperative in 

comprehending the urban morphology. This approach has 

been applied by his followers such as J. W. R Whitehand and 

Peter Hall in the management of historic and contemporary 

townscapes. The realisation that the relationship existing 

between the built spaces and the social world is dialectical 

made the French school of thought based at the Versailles 

School of Architecture to place emphasis on the importance 

of built spaces in sustaining social practices. In America, 

urban morphology as a field of study owes its origins to 

Lewis Mumford, James Vance and Sam Bass Warner. Indeed, 

a realistic study of urban morphology need to fuse together 

the three schools of thought and must begin with critical 

review of the origin of a city and subsequent explanatory 

variables for the urban landscape tissues. 

Postulations have been made on the determinants of urban 

morphology. Miller [70] posits that human behaviour impacts 

on urban morphology through city design. This view is 

shared by Hall [46] who argues that the management 

interventions adopted by cities have destroyed the 

entrepreneurship that was once the significant determinant of 

urban morphology. Sentiments expressed by Hall [46] have 

found expression in urban planning as a practice through the 

adoption of development corridor concept which entails the 

transformation of urban thoroughfares into linear business 

hubs. This concept works well if augmented with the concept 

of the city of towers which advocates for urban vertical 

densification as was advanced by Le Corbusier in the 1920s. 

Therefore, the entrepreneurial endeavour of the urban 

community determines urban morphological differentiation. 

Bid rent theory posits that land uses compete for locations 

closer to the city centre due to the comparative advantage 

offered by the city centre in terms of accessibility, 

agglomeration economies and realisation of higher profits. As 

such, land uses within the inner city pays more rent which 

declines as one moves away from the city centre. In this 

regard, only land uses which are able to afford higher rents 

such as commercial enterprises offering high order goods and 

services will locate within the city centre and vice-versa. 

Therefore, rental differential is an imperative factor 

explaining urban land use differentiations [96]. 

Alonzo’s [1] explanatory model of land use as expressed in 

Figure 1 gives an account of urban morphological 

differentiation based on land values. The model details out 

how households faced with the desire to buy land is equally 

faced with the dilemma of deciding on the size of land to 

purchase and how close it should be to the city centre. The 

model assumes a city of single employment and shopping 

centre with equal transportation opportunities and costs in all 

directions, making the cost of commuting to the city centre a 

function of the distance. The model also assumes that the 

households and firms have perfect knowledge of the prices of 

land within different locations of the city and that the cost of 

land drops as one moves away from the city centre. Therefore, 

household's locational equilibrium is achieved through 

selective combination of the desired quantity of land and 

distance from the city centre. Alonzo [1] further uses the 

concept of bid rent curve to arrive at distances from the city 

centre at which different land uses will viably locate. The 

model observes that the most accessible sites in the city goes 

to the users with the steepest bid rent-curve notably the high 

order commercial activities while users with the second 

steepest bid rent-curve locates on the next ring outward from 

the city centre. This compels land uses such as residential 

developments whose bid-rent curves are gentle to locate in 

the peripheries. 

 

Source: Simon et al., [92] 

Figure 1. Alonzo’s Explanatory Model of Land Use. 

Wingo [109] postulated Transportation-Oriented Theory to 

explain the distribution of urban residential development 

densities. The theory posits that higher residential 

development densities within cities positively correlate with 

accessibility. Webber [104] posits that spatial interactions 

(the flow of people, goods and services) as aided by 

transportation network are significant determinants of urban 

activities and spatial structure. Guttenberg [45] advances the 
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concept further by acknowledging that accessibility 

influences urban morphology by promoting interactions and 

land use clustering. However Firey [35], in his study of 

Boston city observes that socially rooted values and ethnicity 

exert causative influence on urban land use patterns and that 

infrastructure and market forces are only secondary factors. 

Therefore, failure to recognize the role of cultural values in 

determining urban land use differentiation by Wingo [109], 

Alonzo [1], Webber [104] and Guttenberg [45] was an 

omission. 

The concentric, sector and multi-nucleic models illustrated 

by Figure 2 are the descriptive models commonly used to 

explain land use differentiations within a city. The 

concentric-model postulated by Burgess [18] consists of five 

series of concentric zones namely; the Central Business 

District (CBD), Zone of Transition, Working Men's Homes, 

Residential Zone and the Commuters’ Zone. Burgess [18] 

notes that while the CBD has facilities such as shopping 

areas, theatres, hotels, offices and banks among others, the 

zone of transition is characterised by mixed land uses such as 

the co-existence of high-rise residential developments with 

commercial developments. The zone of working men’s 

homes is home to factory workers while the residential zone 

is where the white-collar workers and middle-income 

families reside. The fifth ring being the commuters’ zone is a 

suburban community where the upper-income group having 

private modes of transport reside. Burgess [18] further 

observes that with increasing urbanisation, inner zones 

invade the next outer zones similar to ecological succession. 

In contrast, when urban decay occurs, the outer zones remain 

stationary while inner fringe of the transitional zone recedes 

into the CBD. While the model provides a useful explanation 

to urban land use patterns, it is an oversimplification of urban 

morphological reality. 

 

Source: Hartshon [48] 

Figure 2. Descriptive Urban Land Use Models. 

Hoyt [53] postulated the sector model which posits that 

different urban land uses locate in distinct neighbourhoods 

in a star-shaped manner centred on a single CBD which is 

the most accessible part of a city. Rents then graduate 

downwards from the CBD as determined by transportation 

network. In this case, high-income residential areas 

developing along the highways pull high order 

commercial activities to the neighbourhoods to form an 

agglomeration of compatible land uses. Despite the 

simplicity of the model and its emphasis on residential 

developments, it provides a profound explanation to urban 

land use differentiations than the concentric model. Harris 

and Ullman [47] formulated multi-nucleic model which 

posits that rather than a single CBD as postulated by other 

models, there exist series of nuclei patterning urban land 

uses. The nuclei may take the form of industrial or 

wholesaling centres where specialized complementary 

economic activities have gravitated over the years. Harris 

and Ullman [47] further note that factors responsible for 

multi-nucleic patterning of urban land uses are inter-

dependent of certain activities, thus they find it mutually 

profitable to cluster. Some activities have specific site 

requirements which must be fulfilled for them to locate. 

Presence of activities which are offensive to other users 

and rents which either attract or repel users. Despite the 

model satisfactorily explaining the metropolitan land use 

differentiations, it needs modification before it can be 

utilised in explaining land use differentiations in cities 

with colonial origin which has continued to influence land 

uses post the era. 



24 Maurice Onyango Oyugi:  Trends in Urban Morphological Data Capture: A Review of Theoretical  

 Perspectives on Utility of Geospatial Technology 

As noted by the 19
th

 century scholars such as Ruskin, 

Geddes, Carlyle, Dickens, Engels and Disraeli, urban land 

use differentiations are occasioned by land value 

speculations and environmental considerations [40]. This 

informed Howard [52] to envisage a town with communal 

land ownership where residential facilities and civic 

buildings are distributed along a large central court with 

shopping centres and industrial land uses located on the 

edges. As illustrated in Figure 3, Howard’s utopian city 

envisaged a population of 58,000 people within 1,000 

acres surrounded by 5,000 acres of agricultural land. 

Suburbanisation theory as postulated by Knox and Linda 

[56] has recently been used to explain urban land use 

differentiation and sprawl. The theory states that urban 

sprawl manifesting through increased built-up, open and 

transitional areas to the urban peripheries is occasioned by 

relatively cheaper land and construction costs in the 

peripheries. This is also accentuated by increased public 

investments in infrastructure notably; roads, water and 

electricity in what used to be urban peripheries 

consequently improving quality of life and attracting more 

people into the neighbourhoods. Another factor which 

contributes to suburbanisation is the persistent higher 

property and business taxes in the city centre. Since 

property and business taxes in the peripheries are 

relatively low, businesses which can no longer break even 

in the city centre are pushed to the peripheries where they 

agglomerate into new satellite commercial districts. This 

enables large proportion of the city’s inhabitants to reside 

and work in the peripheries to reduce transport costs to 

and from work [43]. For example, Babarinde [7] in his 

study of industrial migration and residential relocation in 

Lagos, a mega-city in Nigeria, having a population of 

approximately 17 million, found out that manufacturing 

firms in congested inner-city areas were relocating to the 

peri-urban areas where they could enjoy access to larger 

production sites at cheaper costs. However, the study 

observed that as distance from the CBD increases, the 

number of workers who relocated with their employer-

firms began to decrease due to several factors notably; 

housing shortage in Lagos and cultural attachment to their 

homes and relatives. Hence, many workers would prefer to 

continue living in the inner-city. This finding resonates 

with Firey’s [35] findings in his study of Boston city. In 

the process, the emergent sub-urban landscape can have 

important policy implications for the mega-city in terms 

of housing and infrastructure expansion to accommodate 

workers who might have to relocate or stay put at their 

original locations. 

 

Source: Gallion [40] 

Figure 3. Ebenezer Howard’s Model. 

The suburbanisation theory is further linked to labour 

aristocracy theory which is anchored on labour mechanism 

and urban bias theories. Labour mechanism theory posits that 

there exist dualistic (modern and traditional) economy and 

wide wage differentials between urban (modern economy) 

and rural (traditional economy) areas of the developing 

nations, making labour to migrate to the urban areas with 

anticipation of high wages [56]. Urban bias theory postulated 
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by Lipton [59] posits that governments tend to invest and 

concentrate modernization projects such as electricity, piped 

water, good housing and telephony in urban areas. This 

attracts rural population to migrate to the urban areas to enjoy 

the privileges hence abandoning the rural areas but end up 

finding the contrary, forcing them to seek alternative 

accommodation in the urban peripheries. This accentuates 

land use transformations from agricultural to built-up land 

uses such as residential, commercial and industrial users. 

Bicik et al [10] postulate that urban land use dynamics is a 

by-product of the interactions between nature and the 

society’s socio-economic developments. While Bibby and 

Shepherd [9] posit that the rate of urban land use change is 

determined by the demand and supply of houses, population 

growth, political ideology and the national economic 

performance, Bourne [14] suggests that the main processes 

controlling urban land use dynamics are the expansion of 

urban infrastructure especially transportation and the 

migration of industrial, institutional, commercial and 

recreational land uses to the suburbs. Bourne [14] further 

postulates that population increase alone is no longer the 

main stimulus of urban land use dynamics. This debate has 

metamorphosed into sustainable urban development agenda 

of the 21
st
 century which incorporates multiple-variables 

such as natural ecology, socio-economic, political and legal 

factors in explaining land use differentiations within a city. 

De Groot et al [25] advances the debate on sustainable 

urban development by noting that urban land use equilibrium 

is achieved through perceptions among the urban residents as 

to whether an urban neighbourhood provides a healthy 

environment for interactions and establishment of economic 

activities. If the perception is negative, then there is 

likelihood of migration and establishment of the activities in 

other neighbourhoods, which are positively perceived. This 

ultimately leads to urban land use changes. De Groot et al 

[25] further states that urban vibrancy depends on the ability 

of an urban centre to provide goods and services to its 

inhabitants which trigger land use changes. Other sentiment 

expressed by De Groot et al [25] on the same argument is 

that legal, statutory regulations, political decisions on land 

use and technological advancements in the society accelerate 

urban land use changes. Together with the above, 

globalisation which facilitates movement of people, goods 

and services between nations also determines the urban 

morphological changes depending on a city’s location, 

internal site opportunities and the stage of national economic 

development. 

According to Mengistu and Salami [69], physiographic 

conditions and geo-processes such as climatic and 

pedological variations, tectonic forces, drainage regime and 

the socio-economic drivers comprising of technological and 

demographic changes, social values such as property rights, 

economic growth, political and public policies on land use 

are the main agents of land use and land cover changes. In 

support of this argument, Arvind and Nathawat [4] in their 

study of land use and land cover mapping of Panchkula, 

India using multi-date satellite imageries observed that 

heterogeneous climate and physiographic conditions in the 

district had resulted in the development of different land use 

and land cover categories. Similar sentiments are also 

expressed by Mwathi [77], Broitman and Koomen [15] and 

Asoka et al [5] who postulate that population growth, income 

levels, a city’s physiographic attributes, land supply and 

access, taxation, development policies and enforcement 

framework as well as technology and political goodwill 

influence urban land use changes. 

Museleku [76] in the study of causes and effects of 

agricultural land use conversions in the urban fringes of 

Nairobi city, Kenya concludes that the rapid and haphazard 

conversions experienced in the city’s fringes are occasioned 

by low returns from agriculture, increased urban population, 

high demand for housing facilities and ineffective 

management framework for regulating agricultural land use 

conversions. Similar conclusions are also arrived at by Maina 

[65] and Kirigwi [55]. While Mundia and Aniya [74] posit 

that urbanisation is accompanied by urban sprawl, Oyugi et 

al [84] concludes that the sprawl is exacerbated by a city’s 

economic growth rate and development, demographic and 

physiographic base as well as transportation network. In 

support of the above, Kumar and Sangwan [58] observe that 

urbanisation triggers urban land use transformation through 

its influence on urban population growth, sprawl and 

economic development. Other studies with similar 

conclusions include Musa and Odera [75], Lo and Yang [61], 

Samie et al [87], Benti et al [8], Xiangmei et al [111] and 

Finger [34] among others. 

3.2. An Appraisal of the Role of Geospatial Techniques in 

Urban Morphological Studies 

The efficiency and effectiveness of geospatial technology has 

enhanced its utility in urban morphological studies in 

comparison to conventional surveying methods of mapping 

which are labour intensive, time consuming and unreliable in 

capturing spatiotemporal aspects of rapidly changing urban 

environments [11, 54]. Shosheng and Kutiel [91] undertook a 

comparative study on the utility of geospatial and conventional 

surveying techniques in deriving information on land use and 

land cover variations and concluded that geospatial techniques 

are cost effective and efficient owing to the technology’s ability 

to instantaneously acquire data of large and inaccessible areas. 

The increased computer power over the years has further 

enhanced processing of the satellite imageries, making satellites 

useful in gathering land use and land cover information. The 

suitability of satellite remote sensing imageries in urban 

morphological and environmental quality modelling has also 

been enhanced by the imageries’ wide range spatiotemporal, 

radiometric and spectral resolutions. 

Satellite remote sensing technology has evolved in eight 

epochs as illustrated in Table 1. While airborne epoch began 

during the First and the Second World Wars to aid in military 

surveillance, the space-borne epoch originated from the 

launch of satellites such as Sputnik 1 from Russia, Explorer 1 

and Television and Infrared Observational Satellite-1 

(TIROS-1) for meteorological purposes by the United States 
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of America at the end of 1950s [26, 51]. At the peak of the 

cold war, spy satellites such as Corona were used for military 

surveillance. This marked the era of spy satellite remote 

sensing which in concert with airborne and space-borne 

epochs created foundation for the application of the 

technology in resource management [29]. Initial 

meteorological satellites notably the Geostationary 

Operational Environmental Satellite (GOES), National 

Oceanic and Atmospheric Administration (NOAA) and 

Advanced Very High-Resolution Radiometer (AVHRR) 

provided digital data which were digitally analysed [57]. The 

Landsat era began with the launch of Earth Resources 

Technology Satellite (Landsat-1) which had on board Multi-

Spectral Scanner (MSS) sensors in the year 1972. This was 

succeeded by Landsat-2 and 3 both of which had MSS 

sensors on board and Landsats-4 and 5 mounted with 

Thematic Mapper (TM) sensors. While Landsat-6 failed 

during launch, Landsat-7 was successful and mounted with 

Enhanced Thematic mapper plus (ETM+) sensor. The 

Landsat-8 mounted with Operational Land Imager (OLI) was 

launched in the year 2011. The Landsat era has equally 

witnessed good sun-synchronous satellites such as Systeme 

Pour l'Observation de Ia Terre (SPOT) of France and the 

Indian Remote Sensing Satellite (IRS) of India [6]. 

Table 1. Satellite Sensor Characteristics. 

Sensor 

Resolutions 
Band Range Band Width Irradiance 

Spatial Spectral Radiometric Temporal 

(metres) (#) (bits) (Days) (µm) (µm) (Wm-2sr-1 µm-1) 

A. Coarse resolution sensors 

1. AVHRR 1000 4 11 Daily 

0.58-0.68 

0.725-1.1 

3.55-3.93 

10.30-10.95 

10.95-11.65 

0.10 

0.375 

0.38 

0.65 

0.7 

1390 

1410 

1510 

0 

0 

2. MODIS 250, 500, 1000 36/7 12 Daily 

0.459-0.479 

0.545-0.565 

0.62-0.67 

0.84-0.876 

1.23-1.25 

1.63-1.65 

2.11-2.16 

0.02 

0.02 

0.05 

0.036 

0.02 

0.02 

0.05 

2053 

1719.8 

1528.2 

974.3 

447.4 

227.4 

86.7 

B. Multi Spectral Sensors 

3. Landsat-1, 2, 3 MSS 56 x 79 4 6 16 

0.5-0.6 

0.6-0.7 

0.7-0.8 

0.8-1.1 

0.1 

0.1 

0.1 

0.3 

1970 

1843 

1555 

1047 

4. Landsat- 4, 5 TM 30 7 8 16 

0.45-0.52 

0.52-0.60 

0.63-0.69 

0.76-0.90 

1.55-1.74 

2.08-2.35 

10.4-12.5 

0.07 

0.08 

0.06 

0.14 

0.19 

0.27 

2.10 

1970 

1843 

1555 

1047 

227.1 

80.53 

0 

5. Landsat-7 ETM+ 30 8 8 16 

0.45-0.52 

0.52-0.60 

0.63-0.69 

0.70-0.75 

0.75-0.90 

10.0 - 12.5 

1.35-1.55 

0.52-0.90 (p) 

0.07 

0.08 

0.06 

0.05 

0.15 

2.5 

0.2 

0.38 

1970 

1843 

1555 

1047 

227.1 

0 

1368 

1352.71 

6. ASTER 15, 30, 90 15 

8 16 

0.52-0.63 

0.63-0.69 

0.76-0.86 

1.60-1.70 

2.145-2.185 

2.185-2.225 

2.235-2.285 

2.295-2.365 

2.360-2.430 

0.11 

0.06 

0.1 

0.1 

0.04 

0.04 

0.05 

0.07 

0.07 

1846.9 

1546.0 

1117.6 

232.5 

80.32 

74.96 

69.20 

59.82 

57.32 

12 

8.125-8.475 

8.475-8.825 

8.925-9.275 

10.25-10.95 

10.95-11.65 

0.35 

0.35 

0.35 

0.7 

0.7 

0 

0 

0 

0 

0 

7. ALI 30 10 12 16 
0.048-0.69 (p) 

0.433-0.453 

0.642 

0.020 

1747.8600 

1849.5 
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Sensor 

Resolutions 
Band Range Band Width Irradiance 

Spatial Spectral Radiometric Temporal 

(metres) (#) (bits) (Days) (µm) (µm) (Wm-2sr-1 µm-1) 

0.450-0.515 

0.425-0.605 

0.633-0.690 

0.775-0.805 

0.845-0.890 

1.200-1.300 

1.550-1.750 

2.080-2.350 

0.065 

0.180 

0.057 

0.030 

0.045 

0.100 

0.200 

0.270 

1985.0714 

1732.1765 

1485.2308 

1134.2857 

948.36364 

439.61905 

223.39024 

78.072727 

8. 

SPOT 

-1 

-2 

-3 

-4 

2. 5-20 15 16 3-5 

0.50-0.59 

0.61-0.68 

0.79-0.89 

1.5-1.75 

0.51-0.73 (p) 

0.09 

0.07 

0.1 

0.25 

0.22 

1858 

1575 

1047 

234 

1773 

9. IRS-1C 23.5 15 8 16 

0.52-0.59 

0.62-0.68 

0.77-0.86 

1.55-1.70 

0.5-0.75 (P) 

0.07 

0.06 

0.09 

0.15 

0.25 

1851.1 

1583.8 

1102.5 

240.4 

1627.1 

10. IRS-1 23.5 15 8 16 

0.52-0.59 

0.62-0.68 

0.77-0.86 

1.55-1.70 

0.5-0.75 (P) 

0.07 

0.06 

0.09 

0.15 

0.25 

1852.1 

1577.38 

1096.7 

240.4 

1603.9 

11. IRS-P6-AWiFS 56 4 10 16 

0.52-0.59 

0.62-0.68 

0.77-0.86 

1.55-1.70 

0.07 

0.06 

0.09 

0.15 

1857.7 

1556.4 

1082.4 

239.84 

12. 

CBERS 

-2 

-3B 

-3 

-4 

20 m pan 

20 m MS 

5 m pan, 

20 m MS 

11  16 

0.51-0.73 

0.45-0.52 

0.52-0.59 

0.63-0.69 

0.77-0.89 

0.22 

0.07 

0.07 

0.06 

0.12 

1934.03 

1787.10 

1587.97 

1069.21 

1664.3 

C. Hyper-Spectral Sensor 

13. Hyperion 30 196a 16 16 
196 effectives 

calibrated bands 
10µm wide 

(approx.) for 

all 196 bands 

See data in 

Neckel and Labs 

[79]. 

 

      
VNIR (band 8 to 57) 

427.55 to 925.85 µm 

      
SWIR (band 79 to 224) 

932.72 to 2395.53 µm 

D. Hyper-Spatial Sensor 

14. IKONOS 1-4 4 11 5 

0.445-0.516 

0.506-0.595 

0.632-0.698 

0.757-0.853 

0.071 

0.089 

0.066 

0.096 

1930.9 

1854.8 

1156.5 

1156.9 

15. QUICKBIRD 0.61-2.44 4 11 5 

0.45-0.52 

0.52-0.60 

0.63-0.69 

0.76-0.89 

0.07 

0.08 

0.06 

0.13 

1381.79 

1924.59 

1843.08 

1574.77 

16. RESOURSESAT 5.8 3 10 24 

0.52 - 0.59 

0.62 - 0.68 

0.77 - 0.86 

0.07 

0.06 

0.09 

1853.6 

1581.6 

1114.3 

17. 
RAPID EYE - A 

- E 
6.5 5 12 1-2 

0.44-0.51 

0.52-0.59 

0.63-0.68 

0.69-0.73 

0.77-0.89 

0.07 

0.07 

0.05 

0.04 

0.12 

1979.33 

1752.33 

1499.18 

1343.67 

1039.88 

18. WORLDVIEW 0.55 1 11 1.7-5.9 0.45-0.51 0.06 1996.77 

19. FORMOSAT-2 2 - 8 5 11 daily 

0.45-0.52 

0.52-0.60 

0.63-0.69 

0.76-0.90 

0.45-0.90 (p) 

0.07 

0.08 

0.06 

0.14 

0.45 

1974.93 

1743.12 

1485.23 

1041.28 

1450 

20. KOMPSAT-2 1- 4 5 10 3-28 

0.5-0.9 

0.45-0.52 

0.52-0.58 

0.40 

0.07 

0.06 

1379.46 

1974.93 

1743.12 
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Sensor 

Resolutions 
Band Range Band Width Irradiance 

Spatial Spectral Radiometric Temporal 

(metres) (#) (bits) (Days) (µm) (µm) (Wm-2sr-1 µm-1) 

0.59-0.63 

0.76-0.90 

0.04 

0.14 

1485.23 

1041.28 

Note: a = Of the 242 bands, 196 are unique and calibrated. These are: (A) Band 8 (427.55 µm) to band 57 (925.85 µm) that are acquired by visible and near-

infrared (VNIR) sensor; and (B) Band 79 (932.72 µm) to band 224 (2395.53 µm) that are acquired by short wave infrared (SWIR) sensor, b = First band is 

panchromatic, the rest Multi-Spectral 

Source: Assefa et al., [6] 

The Landsat series, SPOT and IRS were succeeded by the 

Earth Observing Satellite systems which were launched in 

the year 1999 starting with Terra satellites. The epoch is 

characterised by reduced global coverage, geo-rectification at 

satellite reflectance alongside easy and mostly free access to 

data [6]. Other satellites in this series include the Terra-Aqua 

mounted with Moderate Resolution Imaging 

Spectroradiometer (MODIS) sensors and instruments for 

measuring tropospheric pollution. The satellites of this era 

has availed processed data for land use and land cover 

analysis which are imperative in urban morphological and 

environmental quality monitoring, thus marking the most 

significant era for the utility of satellite remote sensing 

technology in urban morphological studies, resource and 

environmental management. 

Other innovations in the satellite remote sensing 

technology which emerged in the millennium era include 

Earth Observing-1 and Advanced Land Imager (ALI) 

mounted with spaceborne hyperspectral sensors. The era has 

witnessed the incorporation of geospatial information into 

limited liability companies and the acquisition of imageries 

in very high spatial resolutions of less than 5 metres as 

exemplified by IKONOS and Quickbird satellites. The epoch 

has also witnessed the acquisition of data within constellation 

framework as exemplified by Rapid-eye satellite 

constellation consisting of five satellites with daily five band 

global coverage at 6.5 metres resolution. Other innovations 

of the era include the introduction of micro-satellites as either 

stand alone or constellation satellites for monitoring 

urbanisation and disaster management. The micro-satellites 

were mainly designed and launched by Surrey Satellite 

Technology Ltd for Turkey, Nigeria, China, United States 

Geological Survey and United Kingdom among others. The 

era has also witnessed the launch of the Google Earth, which 

has enabled access to high spatial resolution imageries [94]. 

Currently, space-borne remote sensing satellites using radar 

technology such as the European Radar Satellite (ERS), 

Japanese Earth Resources Satellite (JERS), Radarsat, 

Advanced Land Observation Satellite (ALOS) and the 

Shuttle Radar Technology Mission (SRTM) are used for 

gathering data for digital elevation modelling. 

Despite satellite remote sensing providing data at 

appropriate spectral and radiometric resolutions, synoptic, 

accurate and regular coverage at lower unit costs, the 

application of the technology in urban landscape is fairly a 

recent development. This is occasioned by the nature of 

urban settlements consisting of complex surfaces each 

exhibiting unique radiative, thermal, moisture and 

aerodynamic properties. However, with the advent of high-

resolution imageries, urban remote sensing has slowly taken 

root [110]. At initial stages, the utility of satellite remote 

sensing in urban settlements was mainly confined to 

environmental monitoring and modelling of land use, land 

cover mapping and change detection with accuracies which 

were hardly greater than 80% [107]. This was occasioned by 

mixed-pixel phenomenon in satellite remote sensing where 

different land uses and land covers exhibit closer spectral 

signatures within a single pixel. This has since been 

emolliated by fuzzy approach to land use and land cover 

classifications in which each pixel is assigned a class 

membership as opposed to a single label [103]. Towards this 

end, vegetation, impervious surface and soil classification 

model which assumes that urban land cover is heterogeneous 

permutation of the mentioned elements remains the best 

classification model for urban satellite remote sensing [90]. 

Since the launch of Landsat-1 in the year 1972, researchers 

have utilized Landsat and other satellite imageries in 

identifying, classifying, mapping and monitoring of urban 

land uses, land covers, environmental resources, hydrological 

and watershed management due to spectral alterations 

occasioned by the changes [67, 68, 101]. Macleod and 

Congalton [62] posit that aspects of change that are important 

when monitoring urban morphological changes are the nature, 

pattern and quantification of the changes. The eleven change 

detection algorithms commonly used are mono-temporal 

change delineation, delta or post classification comparisons, 

multidimensional temporal feature space analysis, composite 

analysis, image differencing, multi-temporal linear data 

transformation and change vector analysis. Others are image 

regression, multi-temporal biomass index, background 

subtraction and image ratio, all of which requires 

augmentation with field surveys for increased accuracy [22, 

41, 93, 100]. For instance, in the year 1982 waste land 

mapping of India was carried out on 1:1 million scale by 

National Remote Sensing Agency (NRSA) using Landsat 

MSS imagery. Mahavir and Galema [63] used SPOT imagery 

to monitor land use and land cover dynamics of Chiangmai - 

Thailand by visually interpreting panchromatic print of the 

imagery and achieved 92.7% accuracy. The study concludes 

that for a rapid and quantitative assessment of land use and 

land cover dynamics, SPOT imageries are accurate. Dimyati 

and Kitamura [27] comparatively used Landsat-MSS and 

SPOT-HRV imageries to analyze the growth of Samarinda 

city in Indonesia for the years 1984 and 1987 and the study’s 

accuracy legitimized the utility of geospatial technology. 

Brouwer et al [17] further validated the utility of the 
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technology through the assessment of the urban growth of 

Barranquilla-Colombia using SPOT imageries of the city for 

the years 1982 and 1986. The findings of the study enabled 

the policy makers to redirect urban development resources 

equitably. While the United States Geological Survey 

produced 1:250,000 scale land use and land cover maps of 

Alaska using Landsat MSS imagery in the year 1985, the 

State of Maryland Health Resources Planning Commission 

used Landsat TM imagery to create a land use and land cover 

dataset for inclusion in Maryland Geographic Information 

Database [36, 28]. In the year 1992, the Georgia Department 

of Natural Resources undertook land use and land cover 

mapping using Landsat TM imagery [32]. Prior to this, 

Odenyo and Pettry [81] undertook land use and land cover 

mapping of Virginia city using Landsat MSS imagery and 

achieved 88% overall accuracy. 

Recent studies have increasingly utilised geospatial 

technology to model the relationships existing between urban 

morphology and the environmental quality parameters of 

surface temperature and air quality. Such studies include 

Oyugi et al [85], Screenivasulu et al [89], Reis [86], Mishra 

et al [71], Billah and Rahman [12], Sundarakumar et al [97], 

Mahmood et al [64], Tan et al [98], Weng [105], Streutker 

[95], Nichol et al [80], Weng [106], Lo and Quattrochi [60], 

Hawkins et al [49], Weng and Yang [108], Borghi et al [13] 

and Hirano et al [50] among others. Voogt and Oke [102] 

noted that improvements in the spatial, radiometric, spectral 

and temporal resolutions of satellite sensors will continue to 

enhance the utility of remote sensing in the study of urban 

morphology and climatology. This is supported by Arnis et al 

[3] who posit that urban morphological and environmental 

quality parameters such as land use, land cover and surface 

temperatures can efficiently and effectively be derived from 

satellite remote sensing imageries to corroborate the effects 

of anthropogenic activities on urban environmental quality. 

Despite geospatial techniques being vital in rapid and 

detailed urban morphological surveys, mapping, modelling 

and monitoring of urban environmental quality, the accuracy 

of such analysis depends on the quality of the imagery, the 

classification schema and procedures used as well as the 

technical and indigenous knowledge of the analyst on the 

study area. Daniel [24] undertook a comparative study on 

land use and land cover change detection methods and 

concludes that there are merits in each method and that no 

single approach can wholly solve the inaccuracies associated 

with geospatial techniques. Sentiments have also been 

expressed on classification schema; that no single 

classification schema can be universally applied in all the 

study scenarios, thus there is a need to device a schema 

which represents a study area [78]. To date, the best attempt 

at developing a general-purpose schema compatible with 

remote sensing data has been that of Anderson et al [2] and 

majority of the studies are a modification of the attempt. 

The improvements in resolutions, three-dimensional laser 

scanning and advancements in digital image processing 

technology have endured the utility of geospatial technology 

in urban master planning. Indeed the imageries procured by 

multispectral aerial photography and high spatial resolution 

satellites such as IKONOS and Quickbird have been used as 

sources of data for urban master planning. With either digital 

or analogue processing, land use and land cover mapping that 

forms the basis for urban master planning and monitoring, 

can be undertaken. Remote sensing data has also been 

utilised in the assessment of urban environmental quality and 

traffic analysis. The planning of Beijing city in the year 1980 

utilised a combination of multispectral aerial photographs, 

satellites and GIS to acquire, manipulate and store 

information on soil and water resources, geological base, 

ecological conditions, urban heat island effects, land uses and 

other amenities [113]. Since the year 1988, Shanghai city in 

China has also undertaken three surveys using geospatial 

techniques to derive information for urban master planning 

and renewal [20]. Similarly, in the year 1999, China’s 

Ministry of Land Resources initiated a project called the 

National Land Use Monitoring that utilised a combination of 

China made satellite, Landsat MSS and TM as well as SPOT 

imageries to monitor land use and land cover changes of 66 

cities with a population of 500,000 [112]. This corroborates 

that remote sensing imageries if augmented with GIS is 

instrumental in the analysis of a city’s physiographical and 

climatological conditions, resource distribution, spatial 

layout, road network, land use, land cover and postulation of 

urban sprawl, all of which are imperative in the preparation 

of urban master plans. While the spatiotemporal analysis of 

urban growth has utilised medium resolution satellites such 

as Landsat and SPOT imageries, high resolution imageries 

notably SPOT 5, Quickbird and IKONOS have been utilised 

for detailed spatiotemporal analysis of land use changes in 

the inner city as well as updating base maps. High resolution 

imageries are also imperative in monitoring the adherence to 

urban development control standards which entail the 

extraction of building densities and distances between 

buildings. Further, high resolution imageries with 

stereovision capabilities are significant for urban terrain and 

three-dimensional modelling. Geospatial techniques are also 

important in the identification of illegal developments, which 

is an aspect of urban plan compliance monitoring. This is 

undertaken through comparative analysis on a regular basis, 

of the planned and imagery data aided by the overlay 

function of the GIS [114]. 

The unique spectral signatures of surfaces in the visible, 

infra-red and thermal bands has enabled land cover 

classification, calculation of surface temperatures and 

Normalised Difference Vegetation Index (NDVI) to heighten 

the potentials of geospatial technology in urban watershed 

mapping and estimation of hydrological parameters. This is 

corroborated by the utility of Landsat 5 TM and Landsat 7 

ETM+ in the computation of the variations in the surface area 

of the Devils Lake between the years 1991 to 2003. Radiative 

Transfer Method which proceeds through the extraction of 

Digital Numbers (DNs) from a Thermal Infra-Red (TIR) 

imagery, the conversion of DNs to spectral radiance, 

calculations of the satellite temperature values of the imagery, 

the NDVI, the emissivity value from the NDVI and the 
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surface temperatures using different functions provided by 

Oyugi et al [85] has been used in estimating urban surface 

temperature values. 

3.3. The Frontiers of Geospatial Technology in the 

Management of Urban Morphological Changes 

The slow uptake of geospatial technology in urban 

planning has been occasioned by disharmony in the 

resolutions provided by various satellite imageries and the 

knowledge gap in digital image processing among Urban 

Planners. This necessitates reliance on other experts with 

limited knowledge on urban planning standards, leading to 

compromised outputs. However, this has been changing and 

it is evident that the technology is gaining acceptance and 

finding a niche in the curriculum of several academic 

disciplines alongside national government agencies and 

research institutions. The development which is postulated to 

continue has been aided by wireless broadband internet, cell 

phones and innovations in computer technology. This 

presents an opportunity for an objective look at positioning 

geospatial issues in both academic and government agencies. 

For example, in academia the teaching of the technology is 

domiciled in the curricula of Geography, Geomatic 

Engineering and Natural Resource Departments among 

others, with focus of the curriculum being the acquisition of 

expertise in data input and manipulation largely on desktops 

through scanning, digitization and conversion of the data into 

different file formats, systems and sharing between various 

softwares. However, outputs of such manipulations are not 

necessarily transformed into tangible policies. This has only 

been successful in addressing the limited scope of issues 

requiring the utility of the technology but not the integration 

of the information into mainstream Information and 

Communication Technology. Ideally, this requires a 

coordinated leadership to build foundation for the uptake of 

the technology through web-based interoperability to 

facilitate data sharing and integration of the same with 

ancillary data. This is significant in furthering researches in 

urban morphology and policy enactment which rely on data 

from different sources. The non-interoperability which has 

characterised the geospatial data domain for decades has 

ensured that data are often collected in duplication, utilized 

and discarded - not maintained online for posterity and 

sharing. The leadership should mimic the interoperability 

standards providing organizations such as the ISOs-TC211 

committee on Geographic Information, Geomatics and Open 

Geospatial Consortium and other organizations instrumental 

in the creation of World Wide Web that enables data 

interoperability. 

The primacy of interoperability of geospatial data in 

human settlement development and management compels the 

academia, research institutions and government agencies 

charged with the responsibility of urban management to 

network datasets in their jurisdictions into web services 

complete with schema and metadata. Many benefits accrue 

from the endeavour, supreme among which is the improved 

opportunities for multidisciplinary studies on population 

growth, relocation of land use activities, urban form and 

sprawl, environmental quality and disaster management, 

water, food and energy securities, global warming and 

climate change among others. The automation facilitated by 

web-based geospatial data with online search capabilities is 

likely to reduce the amount of time spent on data acquisition. 

Further to enhancing the ability to repurpose data utility for 

various investigations with reduced redundancy, building 

scenario for scientific debates and discoveries on the 

correlations existing between spatial phenomena, the 

endeavour will also enable researchers to have increased time 

for research and dissemination of the findings. 

The geospatial software vendors and the industry at large 

have significantly contributed to Information and 

Communication Technology development as corroborated by 

Open Access geospatial data and information interoperability. 

However, this should further be supported by the academia 

through designs of innovative curriculum which creates 

diversity in career path, national competitive advantage, 

emergence of new niches of urban-based geospatial studies 

and competency in addressing urbanisation problems. Indeed, 

there is need for creation of academic departments and 

research centres anchored on geodesy and other positioning 

technologies, including GPS, reinforced with geospatial 

semantics and ontology incorporating names, meanings, 

measurements and relationships of urban entities which have 

co-evolved with the open standards. The interoperability also 

requires high performance computers, well developed 

databases, broad-band internet and mobile computing 

networks to facilitate real time data acquisition and 

simulation. Finally, there is need for the development of user 

interface and workflow management for seamless interaction 

with the digital world and to facilitate urban morphological, 

environmental quality and spatial relationship modelling. 

The governments equally have a mandate in popularising 

the utility of geospatial technology through the creation of 

National Geographic Data Committees to oversee the 

implementation of open geospatial consortium, development 

of geospatial data, metadata and encoding standards as well 

as institutionalisation of National Spatial Data Infrastructure 

to enhance web-based data services and interoperability [83]. 

The spatial data infrastructure is imperative in aiding the 

municipal utility departments, public transportation 

companies, land registries, Urban Planners, Landscape 

Conservationists and the academia to access data for various 

purposes at reduced costs. In lieu of the above, governments 

in collaboration with software vendors, the industry and 

academia should create a favourable environment and 

introduce web-based geospatial data policies, procedures and 

regulations tackling liability, privacy, intellectual property 

rights and national security. These will emolliate the legal 

and commercial obstacles hindering the publications and 

sharing of data. 

4. Conclusion and Policy Implications 

The advances registered in geospatial technology such as 
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the availability of geospatial data in multiple sensors with 

high resolutions in the last decade have been phenomenal in 

aiding quantitative urban morphological studies and 

formulation of sustainable urban management policies. Other 

achievements in geospatial technology have been in the areas 

of harmonisation and synthesis of data from different sensors 

alongside satellite remote sensing constellation which has 

enabled global coverage in 13 days [33]. This facilitates 

integration of multi-source and multi-date data for the 

generation and prediction of the trends, nature, patterns, 

magnitude and the impact of urban morphology on 

environmental quality. Further, the emergence of high 

resolution micro-satellite imageries designed to gather data 

on specific orbital scope such as specific urban areas has 

emerged as the most innovative technology for capturing 

urban morphological and environmental quality attributes. 

The cited advantages should motivate the governments, 

financial institutions, academia, the industry and research 

institutions to provide enabling environments upon which the 

technology can be adopted for the solution of urbanisation 

problems, food and water security as well as global warming 

and climate change. This review demonstrates that spatial 

information is crucial for urban morphological and 

management studies. However, since there is a serious dearth 

of accurate spatial information and data banks, particularly in 

the developing nations, the challenge can be alleviated 

through planned interventions in sustained use of geospatial 

techniques for periodic surveys and updating of urban 

morphological changes and integrating the changes with 

conventional in-situ techniques and other ancillary data. 

However, the accuracy, validity and reliability of the by-

products of such operations are dependent on the quality of 

the datasets used. For urban management, this should be 

augmented with the adoption of a combination of proactive 

management techniques, innovative urban design and 

conservation aimed at shifting cities onto sustainable 

development trajectory. 
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