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ABSTRACT

This study examined the need for developing an advanced Geographical Information System (GIS) for
urban planning in Ugep, Cross River State, Nigeria. The research employed a mixed-methods approach,
combining questionnaire surveys administered to 250 urban planning stakeholders and spatial analysis of
existing geographic data. Data were analyzed using descriptive statistics, chi-square tests, and Pearson
correlation analysis. Results revealed significant deficiencies in current spatial data management systems,
with 78.4% of respondents reporting inadequate planning infrastructure. Statistical analysis confirmed
strong positive correlations between GIS adoption and planning efficiency (r = 0.742, p < 0.01), decision-
making accuracy (r = 0.681, p < 0.01), and sustainable development outcomes (r = 0.709, p < 0.01). The
study found that absence of integrated spatial data systems has contributed to haphazard urban
development, inefficient land use allocation, and limited capacity for disaster risk management. Findings
underscore the critical need for implementing advanced GIS technology to enhance spatial planning
capabilities, improve infrastructure development coordination, and support evidence-based policy
formulation. The research provides empirical evidence supporting investment in GIS infrastructure and
recommends establishment of a centralized spatial data repository, capacity building programs for
planning officials, and integration of GIS technology into local government planning processes.
Keywords: Geographical Information System, urban planning, spatial data management, sustainable
development, Ugep, Cross River State

INTRODUCTION

Urban planning in developing nations continues to face unprecedented challenges as rapid urbanization
outpaces the capacity of planning institutions to manage spatial growth effectively (Nwokoro & Dekolo,
2021). In Nigeria, the absence of sophisticated spatial data management systems has resulted in
uncoordinated urban expansion, infrastructure deficits, and environmental degradation across numerous
municipal areas (Olaleye et al., 2020). Contemporary urban planning requires integrated technological
solutions capable of processing complex spatial information, facilitating participatory decision-making,
and supporting sustainable development initiatives (Abubakar, 2022).

Geographical Information Systems represent transformative tools that enable planners to collect, analyze,
visualize, and manage spatial data with unprecedented precision and efficiency (Longley et al., 2020).
These systems combine cartographic techniques, database management, and spatial analysis capabilities
to support evidence-based planning decisions (Steiniger & Hunter, 2021). Research demonstrates that GIS
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technology enhances planning outcomes by improving land use optimization, infrastructure network
analysis, environmental impact assessment, and public participation in planning processes (Yeh, 2020).
Studies conducted in various Nigerian cities have documented substantial planning improvements
following GIS implementation, including enhanced property tax collection, improved service delivery,
and more effective development control (Ajibade et al., 2019; Eludoyin et al., 2021).
Ugep, the administrative headquarters of Yakurr Local Government Area in Cross River State, represents
a rapidly developing urban center experiencing significant spatial transformation without corresponding
advancement in planning infrastructure (Udida et al., 2020). The town serves as a commercial hub for
surrounding agricultural communities and hosts several educational and healthcare institutions that attract
substantial population influx (Bassey & Antigha, 2019). However, urban development in Ugep has
proceeded largely through informal mechanisms, with limited application of modern planning tools and
insufficient spatial data documentation (Efiong & Ibok, 2020). Current planning practices rely
predominantly on outdated paper-based maps, fragmented land records, and conventional surveying
methods that cannot adequately address the complexity of contemporary urban challenges (Akpan et al.,
2021).
The absence of integrated spatial information systems in Ugep has manifested in numerous planning
deficiencies, including conflicting land use patterns, inadequate infrastructure provision, environmental
degradation along the Great Kwa River corridor, and limited capacity for disaster preparedness (Eja et al.,
2021). Planning authorities operate with incomplete understanding of existing land use distributions,
population concentrations, infrastructure networks, and environmental constraints that should inform
development decisions (Okon & Ubi, 2019). This information deficit undermines efforts to formulate
comprehensive development plans, coordinate sectoral investments, regulate building construction, and
implement zoning regulations effectively (Ukwayi et al., 2020).
Statement of the Problem
In spite of increasing recognition of GIS technology's potential to revolutionize urban planning practices;
Ugep continues to rely on antiquated manual systems for managing spatial information and guiding
development decisions. The absence of digital spatial databases, geographic analysis capabilities, and
visualization tools severely constrains the capacity of planning authorities to address contemporary urban
challenges. Existing research has not adequately documented the specific planning deficiencies resulting
from limited GIS infrastructure in Ugep, nor have studies systematically assessed stakeholder perceptions
regarding the necessity and potential benefits of implementing advanced spatial information systems. This
research gap prevents evidence-based advocacy for GIS investment and limits understanding of how such
technology could be optimally configured to address local planning priorities. Furthermore, the lack of
empirical data regarding current spatial data management practices, planning decision-making processes,
and stakeholder readiness for technological adoption impedes formulation of effective implementation
strategies. Consequently, planning continues without adequate spatial intelligence support, perpetuating
inefficiencies and missed opportunities for sustainable urban development.
Aim and Objectives of the Study
The aim of this research is to empirically assess the need for developing an advanced Geographical
Information System to support urban planning processes in Ugep, Cross River State. Specifically, the
study sought to:
1. Evaluate the adequacy of existing spatial data management systems and their effectiveness in
supporting urban planning decisions in Ugep.
2. Examine the relationship between GIS technology adoption and planning efficiency, decision-
making accuracy, and sustainable development outcomes.
3. Identify the perceived benefits, implementation challenges, and stakeholder readiness regarding
advanced GIS development for planning in Ugep.
Research Questions
These three research questions were posed by the researcher to guide the study:
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1. How adequate are the existing spatial data management systems in supporting effective urban
planning decisions in Ugep?
2. What relationship exists between GIS technology adoption and planning efficiency, decision-
making accuracy, and sustainable development outcomes?
3. What are the perceived benefits, implementation challenges, and stakeholder readiness regarding
advanced GIS development for planning in Ugep?
Hypotheses
Hoi: There is no significant relationship between current spatial data management systems and planning
effectiveness in Ugep.
Hoz: GIS technology adoption does not significantly correlate with planning efficiency, decision-making
accuracy, and sustainable development outcomes.
Hos: There are no significant differences in perceived benefits and implementation challenges of GIS
development across different stakeholder categories.

Literature Review

Geographical Information Systems have evolved into indispensable tools for contemporary urban
planning, transforming how planners conceptualize, analyze, and manage spatial phenomena (Goodchild,
2020). The theoretical foundation of GIS in planning rests on spatial analysis theory, which posits that
location-specific attributes significantly influence urban processes and that systematic analysis of spatial
relationships yields valuable planning insights (Anselin & Rey, 2021). Geographic information science
recognizes that spatial data possess unique characteristics requiring specialized analytical frameworks
distinct from conventional statistical approaches (O'Sullivan & Unwin, 2020).

Research demonstrates that GIS technology fundamentally enhances planning capacity through multiple
mechanisms, with improved data integration representing a critical advantage (Li et al., 2020). Traditional
planning systems maintain fragmented databases across different departments and agencies, creating
information silos that impede comprehensive analysis (Batty, 2019). GIS platforms enable consolidation
of diverse spatial datasets within unified frameworks, facilitating cross-sectoral analysis and coordinated
decision-making (Pettit et al., 2021). Studies document substantial efficiency gains when planning
authorities transition from disparate data systems to integrated GIS environments (Wang & Peng, 2020).
Visualization capabilities constitute another significant contribution of GIS to planning practice, as spatial
data visualization transforms abstract information into comprehensible representations accessible to
diverse stakeholders (Coltekin et al., 2020). Research confirms that cartographic visualization improves
stakeholder understanding of planning issues, enhances public participation quality, and facilitates
consensus-building among conflicting interests (Afzalan & Evans-Cowley, 2020). Three-dimensional
visualization tools enable planners to communicate proposed developments more effectively than
traditional two-dimensional plans, improving design review processes and reducing misunderstandings
(Biljecki et al., 2021).

Analytical functionality represents perhaps the most transformative aspect of GIS technology for planning
applications (Harris & Fotheringham, 2020). Spatial analysis tools enable planners to conduct site
suitability assessments, network optimization, accessibility evaluation, environmental impact analysis,
and predictive modeling with unprecedented sophistication (Malczewski & Rinner, 2021). Research
demonstrates that GIS-based spatial analysis produces more rational land use allocations compared to
conventional planning methods, optimizing multiple objectives simultaneously while accounting for
complex spatial constraints (Wu et al., 2020). Studies comparing planning outcomes across jurisdictions
document superior results in cities employing advanced GIS analytics for development decisions (Yeh &
Shi, 2019).

Infrastructure planning represents a domain where GIS technology delivers particularly substantial
benefits, as infrastructure networks possess inherently spatial characteristics requiring geographic analysis
(Kankanamge et al., 2020). GIS-based infrastructure models enable planners to optimize facility
locations, design efficient service networks, evaluate system capacity, and prioritize maintenance
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investments based on spatial demand patterns (Zaki et al., 2021). Research conducted in developing
country contexts demonstrates that GIS implementation for infrastructure planning yields significant cost
savings while improving service coverage and quality (Rahman et al., 2019).

Environmental planning and natural resource management constitute additional planning domains
substantially enhanced through GIS application (Brown & Brabyn, 2021). Environmental GIS facilitates
habitat mapping, biodiversity assessment, pollution monitoring, watershed analysis, and climate change
vulnerability evaluation (Guo et al., 2020). Studies document that environmental planning decisions
informed by GIS analysis demonstrate greater ecological sustainability than conventional approaches, as
spatial analysis reveals environmental constraints often overlooked in traditional planning processes
(Geneletti & Cortinovis, 2021).

Disaster risk management increasingly relies on GIS technology for hazard mapping, vulnerability
assessment, evacuation planning, and emergency response coordination (Abubakar & Aina, 2019).
Research confirms that communities employing GIS-based disaster planning experience reduced losses
during catastrophic events compared to areas lacking such systems (Munawar et al., 2021). Flood risk
mapping using GIS and remote sensing enables planners to restrict development in high-risk zones and
design appropriate mitigation measures (Tingsanchali & Promping, 2020).

Despite substantial documented benefits, GIS implementation in developing countries faces numerous
challenges that constrain technology adoption and effective utilization (Gebre & Kaaviya, 2020).
Financial constraints represent primary obstacles, as GIS infrastructure requires substantial capital
investment for hardware, software, data acquisition, and system maintenance (Dangermond & Romero,
2020). Research indicates that many municipal planning agencies in developing nations lack adequate
budgets for comprehensive GIS implementation (Mukherjee, 2019). Studies document that insufficient
financial commitment often results in incomplete system development, undermining potential benefits
(Nkwae, 2021).

Technical capacity limitations constitute another critical barrier to effective GIS adoption in developing
country planning agencies (Sieber et al., 2020). GIS technology demands specialized skills encompassing
spatial analysis, database management, cartography, and programming that many planning professionals
in developing nations have not acquired (Drummond & French, 2021). Research reveals that absence of
qualified GIS personnel severely limits system utilization even when infrastructure exists (Allen et al.,
2019). Training and capacity building emerge consistently as essential components of successful GIS
implementation strategies (Coetzee & Minghini, 2020).

Data availability and quality challenges significantly impede GIS effectiveness in many developing
country contexts (Brovelli et al., 2020). Comprehensive GIS requires extensive spatial datasets including
cadastral records, topographic information, infrastructure inventories, demographic data, and
environmental parameters (Van Oort, 2020). Research documents that many developing nations lack
systematic spatial data collection programs, possess outdated existing datasets, and maintain inadequate
metadata standards (Kuffer et al., 2020). Studies demonstrate that data deficiencies substantially
undermine GIS utility for planning applications (Pfeffer et al., 2021).

Institutional and organizational barriers also constrain GIS adoption, as successful implementation
requires supportive governance frameworks, inter-agency coordination mechanisms, and appropriate legal
frameworks for spatial data sharing (Georgiadou et al., 2019). Research reveals that institutional
fragmentation, departmental territorialism, and inadequate policy support frequently impede GIS
integration into planning processes (Onsrud, 2020). Studies emphasize that technical solutions alone
cannot ensure effective GIS utilization without corresponding institutional reforms (Masser &
Crompvoets, 2021).

Nigerian urban planning literature documents increasing recognition of GIS necessity, with studies
conducted in Lagos, Abuja, Port Harcourt, and other cities demonstrating technology's transformative
potential (Abdullahi & Pradhan, 2020). Research examining GIS application for property taxation in
Lagos revealed substantial revenue improvements following system implementation, validating economic
returns on GIS investment (Aluko & Amidu, 2019). Studies assessing GIS utilization for development
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control in Abuja documented enhanced regulatory enforcement and reduced illegal construction (Ibrahim
& Ahmad, 2020).

However, research also reveals substantial implementation gaps across Nigerian municipalities, with most
planning agencies possessing limited GIS capacity despite widespread acknowledgment of technology's
importance (Ezeomedo & Igbokwe, 2021). Studies attribute this gap to insufficient political commitment,
inadequate funding allocation, shortage of trained personnel, and limited awareness among decision-
makers regarding GIS benefits (Nwilo et al., 2020). Research emphasizes that successful GIS
implementation requires sustained investment, comprehensive training programs, strong leadership
commitment, and supportive policy frameworks (Iwuji et al., 2019).

Studies specific to Cross River State remain limited, with existing research focusing primarily on Calabar
municipality while secondary cities like Ugep receive minimal scholarly attention (Ofem & Inah, 2019).
This research gap leaves planning challenges in emerging urban centers inadequately documented and
prevents evidence-based technology adoption strategies. The present study addresses this gap by
providing empirical assessment of GIS needs in Ugep specifically.

METHODOLOGY

This research employed a mixed-methods approach combining quantitative survey techniques with spatial
analysis to comprehensively assess GIS needs for planning in Ugep. The study population comprised
urban planning stakeholders including planning officials from Yakurr Local Government, urban
development practitioners, traditional leaders, community representatives, and academic experts familiar
with Ugep's planning context. A sample size of 250 respondents was determined using Taro Yamane's
formula at 95% confidence level, with stratified random sampling employed to ensure proportional
representation across stakeholder categories. Five strata were established including government planning
officials (50 respondents), urban development consultants (40 respondents), traditional and community
leaders (80 respondents), academic experts (30 respondents), and civil society representatives (50
respondents).

Data collection utilized structured questionnaires administered through face-to-face interviews conducted
over three months from September to November 2024. The questionnaire comprised four sections
addressing respondent demographics, assessment of existing spatial data management systems, evaluation
of perceived GIS benefits and challenges, and stakeholder readiness indicators. Variables measuring
current system adequacy were operationalized using five-point Likert scales ranging from very inadequate
to very adequate. Planning effectiveness was assessed through indicators including development control
efficiency, infrastructure coordination quality, and environmental management capacity. GIS adoption
variables encompassed technology awareness, perceived utility, implementation willingness, and capacity
readiness. The instrument underwent validation through expert review involving three experienced GIS
specialists and two senior urban planners who assessed content validity and recommended modifications
to enhance clarity and comprehensiveness.

Reliability testing was conducted through pilot administration to 30 respondents not included in the main
study, with Cronbach's alpha coefficients calculated for multi-item scales. Reliability coefficients ranged
from 0.78 to 0.89 across different scales, exceeding the recommended threshold of 0.70 and confirming
internal consistency. Spatial data collection involved compilation of existing maps, satellite imagery
acquisition, and documentation of current planning information sources. High-resolution satellite imagery
was obtained from open-source platforms and analyzed to document current land use patterns,
infrastructure distributions, and settlement characteristics.

Quantitative data were analyzed using Statistical Package for Social Sciences version 26.0. Descriptive
statistics including frequencies, percentages, means, and standard deviations were computed to
characterize sample demographics and variable distributions. Chi-square tests of independence were
employed to test the first hypothesis examining relationships between current spatial data management
systems and planning effectiveness, with significance evaluated at alpha level of 0.05. Pearson correlation
analysis was conducted to test the second hypothesis assessing relationships between GIS technology
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adoption and planning outcomes including efficiency, decision accuracy, and sustainability. Analysis of
variance was utilized to test the third hypothesis comparing perceived benefits and implementation
challenges across stakeholder categories, with Tukey post-hoc tests conducted for significant findings.
Spatial analysis was performed using open-source GIS software to examine existing land use patterns,
infrastructure distributions, and environmental characteristics. Thematic maps were produced to visualize
current planning challenges including settlement encroachment into environmentally sensitive areas,
infrastructure coverage gaps, and land use conflicts. Ethical considerations were addressed through
informed consent procedures explaining study purpose and ensuring voluntary participation. Respondent
anonymity was maintained through coded identifiers with no personally identifying information recorded.
Research approval was obtained from relevant authorities including Yakurr Local Government planning
department prior to data collection commencement.

Results

The findings of the study were presented in tables in accordance with the research questions and
hypothesis as follows:

The study achieved a response rate of 94.4% with 236 completed questionnaires out of 250 distributed.
Table 1 presents the demographic characteristics of respondents.

Table 1: Demographic Characteristics of Respondents (N=236)

Characteristic Category Frequency Percentage
Gender Male 157 66.5
Female 79 335
Age Group 25-35 years 68 28.8
36-45 years 92 39.0
46-55 years 54 22.9
Above 55 years 22 9.3
Educational Level = Diploma/NCE 31 13.1
Bachelor's Degree 118 50.0
Master's Degree 72 30.5
PhD 15 6.4
Stakeholder Category Government Officials 47 19.9
Development Consultants 38 16.1
Traditional/Community Leaders 75 31.8
Academic Experts 28 11.9
Civil Society Representatives 48 20.3
Years of Experience Less than 5 years 52 22.0
5-10 years 89 37.7
11-20 years 71 30.1
Over 20 years 24 10.2

Table 1 showed that males constituted the majority of respondents (66.5%), with the dominant age group
being 36-45 years (39.0%). Half of the respondents held bachelor's degrees (50.0%), while traditional and
community leaders formed the largest stakeholder category (31.8%). Most respondents possessed 5-10
years of relevant experience (37.7%).

Table 2: Assessment of Existing Spatial Data Management Systems (N=236)
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Very
Inadequate

Very

Adequate Mean SD

System Component Inadequate Moderate Adequate

Digital  spatial = database |4, 5090y 68 (28.8%) 19(8.1%) 5(2.1%) 2(0.8%) 155 0.82

availability

Map currency and accuracy 98 (41.5%) 87 (36.9%) ?154 8%) 12 (5.1%) 4 (1.7%) 1.89 0.98
Spatial analysis capacity 156 (66.1%) 59 (25.0%) 15 (6.4%) 4 (1.7%) 2 (0.8%) 1.47 0.75
Data integration across o o/ 24 o o

departments 131 (55.5%) 71 (30.1%) (10.2%) 8(3.4%) 2 (0.8%) 1.64 0.87
Technology infrastructure 145 (61.4%) 64 (27.1%) 20 (8.5%) 5 (2.1%) 2 (0.9%) 1.54 0.80
Technical personnel o o/ 25 o o

capacity 127 (53.8%) 76 (32.2%) (10.6%) 6 (2.5%) 2(0.9%) 1.65 0.85
Overall System Adequacy 1.62 0.72

Table 2 reveals severe deficiencies in existing spatial data management systems. Spatial analysis capacity
showed the lowest mean score (M=1.47, SD=0.75), with 66.1% of respondents rating it as very
inadequate. Digital spatial database availability also scored poorly (M=1.55, SD=0.82), with 89.0% of
respondents indicating inadequacy. The overall system adequacy mean of 1.62 (SD=0.72) confirms
substantial gaps in current spatial data infrastructure.

Table 3: Current Planning Effectiveness Indicators (N=236)

Very

Effectiveness Indicator Very Poor Poor Fair Good Good Mean SD
. 102 81 38 12 0
Development control efficiency (43.2%) (343%)  (16.1%) (5.1%) 3(1.3%) 1.87 0.95
o 118 73 32 10 0
Infrastructure coordination (50.0%) (30.9%)  (13.6%) (42%) 3(1.3%) 1.76 0.94
Land use optimization 95 (40.3%) 86 40 1 4(1.7%) 191 0.95
’ (36.4%) (16.9%) (4.7%) ' ' '
Environmental management 109 77 35 12 o
capacity (46.2%) (32.6%) (14.8%) (5.1%) 3(1.3%) 183 0.95
. C . 92 41 13
0, 0
Public participation in planning 87 (36.9%) (39.0%) (17.4%)  (5.5%) 3(1.2%) 1.95 0.93
. . . 121 71 31 10 o
Evidence-based decision making (51.3%) (30.1%)  (13.1%)  (4.2%) 3(1.3%) 1.74 0.93
Overall Planning Effectiveness 1.84 0.81

Table 3 demonstrates poor planning effectiveness across all indicators. Evidence-based decision making
received the lowest rating (M=1.74, SD=0.93), with 81.4% of respondents indicating poor or very poor
performance. Infrastructure coordination also scored poorly (M=1.76, SD=0.94). The overall planning
effectiveness mean of 1.84 (SD=0.81) indicates substantial performance deficits attributed to inadequate
spatial data systems.

Table 4: Chi-Square Test of Relationship Between Spatial Data Management Systems and Planning
Effectiveness

Variables ¥? Value df p-value Decision

Digital database availability and development control ~ 87.34 16 <0.001 Reject Ho
Spatial analysis capacity and infrastructure coordination 92.18 16 <0.001 Reject Ho
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Variables

¥? Value df p-value Decision

Data integration and land use optimization

Technical capacity and evidence-based decisions
Overall system adequacy and planning effectiveness

78.65
81.27
124.56

16 <0.001 Reject Ho
16 <0.001 Reject Ho
16 <0.001 Reject Ho

Table 4 presents chi-square test results examining relationships between spatial data management
components and planning effectiveness indicators. All tests yielded statistically significant results at
p<0.001, leading to rejection of the null hypothesis. The overall relationship between system adequacy
and planning effectiveness showed strong association (y*>=124.56, df=16, p<0.001), confirming that
current system deficiencies significantly undermine planning performance.
Table 5: Perceived Benefits of Advanced GIS Development (N=236)

Perceived Benefit ]S)tgggfli Disagree Neutral Agree itgf(?egly Mean SD
Improved spatial data o o oy 97 o
accuracy 2 (0.8%) 3 (1.3%) 8(3.4%) (41.1%) 126 (53.4%) 4.45 0.71
Enhanced planning efficiency 1 (0.4%) 4(1.7%) 12 (5.1%) ?329 oy 127(538%) 444 072
Better infrastructure o o o/ 88 o
coordination 2 (0.8%) 2(0.8%) 15(64%) 3730, 129(547%) 444 0.73
g“:flrii’yved decision-making | 4o, 5(2.1%) 11 (4.7%) ?jo By 124(25%) 442 073
iﬁzﬁfﬁem environmental 5 | 30, 4 (1.7%) 17 (7.2%) ?339 45 119(504%) 436 080
Better disaster risk o o o 97 o
management 2 (0.8%) 6 (2.5%) 14(59%) (4 1oy 117(49.6%) 436 078
ncreased transparency 7% .0% 9% T%) 4. )
I d 4 (1.7%) 7(3.0%) 21 (8 9%)?3977% 115 (48.7%) 4.29 0.88
. 0
. S 25 91

0 0 0
Improved public participation 5 (2.1%) 8 (3.4%) (10.6%)  (38.6%) 107 (45.3%) 4.22 0.93
Overall Perceived Benefits 4.37 0.66

Table 5 shows strong agreement regarding GIS benefits across all dimensions. Improved spatial data
accuracy received the highest rating (M=4.45, SD=0.71), with 94.5% of respondents agreeing or strongly
agreeing. Enhanced planning efficiency (M=4.44, SD=0.72) and better infrastructure coordination
(M=4.44, SD=0.73) also received strong endorsement. The overall mean of 4.37 (SD=0.66) indicates
substantial consensus regarding GIS potential benefits.
Table 6: Correlation Analysis Between GIS Adoption and Planning Outcomes (N=236)

Planning Outcome

Correlation Coefficient (r) p-value Interpretation

Planning efficiency 0.742%%*
Decision-making accuracy 0.681%*
Sustainable development outcomes 0.709**
Infrastructure coordination 0.728**
Environmental management 0.695%*
Stakeholder participation 0.654**

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Strong positive correlation

Strong positive correlation
Strong positive correlation

Moderate positive correlation

Moderate positive correlation
Moderate positive correlation

Note: ** Correlation is significant at the 0.01 level (2-tailed)
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Table 6 presents Pearson correlation results examining relationships between GIS adoption indicators and
various planning outcomes. All correlations were positive and statistically significant at p<0.001, leading
to rejection of the second null hypothesis. GIS adoption showed strongest correlation with planning
efficiency (r=0.742, p<0.001), followed by infrastructure coordination (1=0.728, p<0.001) and sustainable
development outcomes (r=0.709, p<0.001). These findings confirm that GIS technology adoption
significantly correlates with improved planning performance across multiple dimensions.

Table 7: Implementation Challenges for GIS Development (N=236)

Implementation Not a Minor Moderate  Major Critical Mean SD
Challenge Challenge Challenge Challenge Challenge Challenge

Financial constraints 3 (1.3%) 8 (3.4%) 21 (8.9%) 86 (36.4%) 118 (50.0%) 4.31 0.88
glfgﬁggeal CXPETISC 5 5 1%)  12(5.1%) 28 (11.9%) 91 (38.6%) 100 (42.4%) 4.14 0.99

Data availability an
quality

Institutional resistance 8 (3.4%) 21 (8.9%) 37 (15.7%) 87 (36.9%) 83(35.2%) 3.92 1.09
Inadequate infrastructure 6 (2.5%) 18 (7.6%) 35(14.8%) 91 (38.6%) 86 (36.4%) 3.99 1.04

Limited awareness
among decision-makers

Weak
frameworks

Q41.7%)  15(64%) 31(13.1%) 88(373%) 98 (41.5%) 411 0.99

11 (4.7%) 24(10.2%) 42(17.8%) 84(35.6%) 75(31.8%) 3.80 1.14

POlicY g (3.804)  26(11.0%) 44 (18.6%) 81 (34.3%) 76 (32.2%) 3.80 L.12

Inter-agency
coordination difficulties

Overall

Implementation 3.97 0.87
Challenges

13(5.5%) 29 (12.3%) 48(20.3%) 79 (33.5%) 67 (28.4%) 3.67 1.16

Table 7 identifies significant implementation challenges for GIS development. Financial constraints
emerged as the most critical challenge (M=4.31, SD=0.88), with 86.4% of respondents rating it as a major
or critical challenge. Technical expertise shortage (M=4.14, SD=0.99) and data availability issues
(M=4.11, SD=0.99) also represent substantial barriers. The overall challenge severity mean of 3.97
(SD=0.87) indicates that implementation will require addressing multiple significant obstacles.

Table 8: Stakeholder Readiness for GIS Implementation (N=236)

Readiness Indicator Very Low Moderate High Vf:ry Mean SD
Low High

Awareness of GIS technology 18 (7.6%) 42 /1 78 (33.1%) 27 323 1.09
’ (17.8%)  (30.1%) ' (11.4%) ' '

Willingness to  adopt new o oy 48 102 55

technology 8 (3.4%) 23 (0.7%) (20.3%)  (43.2%) (23.3%) 3.73 104

Commitment to capacity building 11 (4.7%) 28 52 96 (40.7%) 49 3.61 1.09
’ (11.9%)  (22.0%) ' (20.8%) ' '

. 44 104 63

V) o

Support for GIS investment 6 (2.5%) 19 (8.1%) (18.6%)  (44.1%) (26.7%) 3.84 1.01

Readiness for institutional change 14 (5.9%) 35 64 87 (36.9%) 36 341 1.10
’ (14.8%)  (27.1%) ' (15.3%) ' '

Overall Stakeholder Readiness 3.56 0.92

Table 8 shows moderate overall stakeholder readiness for GIS implementation (M=3.56, SD=0.92).
Support for GIS investment demonstrated the highest readines score (M=3.84, SD=1.01), while
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awareness of GIS technology showed the lowest (M=3.23, SD=1.09). These findings suggest that while
stakeholders support GIS development, substantial capacity building will be necessary to ensure effective
implementation.

Table 9: ANOVA Comparing Perceived Benefits Across Stakeholder Categories

Source of Variation Sum of Squares df Mean Square F  p-value Decision

Between Groups 12.847 4 3212 7.89 <0.001 Reject Ho
Within Groups 94.018 231 0.407
Total 106.865 235

Table 9 presents ANOVA results comparing perceived benefits across different stakeholder categories.
The analysis revealed statistically significant differences (F=7.89, p<0.001), leading to rejection of the
third null hypothesis. Post-hoc Tukey tests indicated that academic experts and development consultants
perceived significantly higher benefits compared to traditional leaders and civil society representatives,
suggesting varying levels of technology awareness across stakeholder groups.

Table 10: ANOVA Comparing Implementation Challenges Across Stakeholder Categories

Source of Variation Sum of Squares df Mean Square F  p-value Decision

Between Groups 18.624 4  4.656 6.42 <0.001 Reject Ho
Within Groups 167.491 231 0.725
Total 186.115 235

Table 10 shows significant differences in perceived implementation challenges across stakeholder
categories (F=6.42, p<0.001). Tukey post-hoc analysis revealed that government officials and
development consultants identified significantly more severe challenges compared to other stakeholder
groups, likely reflecting their direct experience with existing system limitations and implementation
complexities.

Discussion of Findings

This empirical investigation provides compelling evidence supporting the critical need for advanced GIS
development to enhance urban planning in Ugep, Cross River State. The findings reveal severe
deficiencies in existing spatial data management infrastructure, with the overall system adequacy mean
score of 1.62 indicating that current systems are fundamentally inadequate for contemporary planning
requirements. This finding aligns with previous research documenting widespread spatial data
infrastructure deficits across secondary cities in developing nations (Gebre & Kaaviya, 2020; Nwokoro &
Dekolo, 2021). The particularly poor performance of spatial analysis capacity (M=1.47) and digital
database availability (M=1.55) confirms that Ugep's planning authorities operate with severely limited
technological support, constraining their ability to address complex urban challenges effectively.

The established relationship between spatial data management system adequacy and planning
effectiveness, confirmed through chi-square analysis (¥?>=124.56, p<0.001), demonstrates that current
infrastructure deficiencies directly undermine planning performance across multiple dimensions. This
finding corroborates research by Eludoyin et al. (2021) and Ajibade et al. (2019), who documented
similar relationships in other Nigerian urban contexts. The particularly weak performance in evidence-
based decision making (M=1.74) and infrastructure coordination (M=1.76) reflects the inability of manual
systems to support the complex analytical requirements of contemporary urban planning, consistent with
observations by Batty (2019) regarding limitations of traditional planning approaches.

The strong positive correlations between GIS adoption and planning outcomes provide empirical
validation of technology's transformative potential for planning practice. The correlation between GIS
adoption and planning efficiency (1=0.742, p<0.001) demonstrates that technological advancement could
substantially improve planning productivity, supporting findings by Wang and Peng (2020) who
documented similar efficiency gains following GIS implementation in Chinese municipalities. The
moderate to strong correlations with decision-making accuracy (r=0.681) and sustainable development

120



outcomes (r=0.709) confirm that GIS technology enhances not merely operational efficiency but also
planning quality and development sustainability, consistent with research by Wu et al. (2020) comparing
planning outcomes across jurisdictions with varying GIS capacity.

The correlation between GIS adoption and infrastructure coordination (r=0.728) holds particular
significance for Ugep, where fragmented infrastructure development represents a critical planning
challenge. This finding aligns with research by Kankanamge et al. (2020) and Zaki et al. (2021), who
documented substantial infrastructure planning improvements through GIS-based network optimization
and spatial analysis. The environmental management correlation (r=0.695) also merits emphasis given
Ugep's environmental challenges along the Great Kwa River corridor, supporting research by Brown and
Brabyn (2021) regarding GIS contributions to environmental planning effectiveness.

The strong stakeholder consensus regarding GIS benefits, reflected in the overall mean score of 4.37,
demonstrates that anticipated advantages extend beyond technical efficiency to encompass transparency,
public participation, and environmental sustainability. This multi-dimensional benefit perception aligns
with research by Afzalan and Evans-Cowley (2020) and Pettit et al. (2021), who emphasized GIS
contributions to participatory planning processes. The particularly strong agreement regarding improved
spatial data accuracy (M=4.45) reflects stakeholder recognition that current information deficits represent
fundamental planning obstacles requiring technological solutions.

However, the identification of substantial implementation challenges, particularly financial constraints
(M=4.31), technical expertise shortage (M=4.14), and data availability issues (M=4.11), confirms that
GIS development will require comprehensive strategies addressing multiple barriers simultaneously. This
finding corroborates research by Mukherjee (2019) and Nkwae (2021) documenting financial obstacles to
GIS implementation in resource-constrained municipalities. The severity of technical capacity challenges
aligns with observations by Sieber et al. (2020) and Drummond and French (2021) regarding skills gaps
constraining effective GIS utilization in developing countries.

The significant differences in perceived benefits and challenges across stakeholder categories revealed
through ANOVA suggest that implementation strategies must account for varying awareness levels and
perspectives. Academic experts and development consultants demonstrated higher appreciation for
potential benefits, likely reflecting greater technology exposure and understanding of planning best
practices. This finding supports research by Allen et al. (2019) emphasizing the importance of stakeholder
education and awareness-building for successful GIS adoption. The higher challenge perception among
government officials and consultants may reflect more realistic understanding of implementation
complexities based on direct experience with existing system limitations.

The moderate overall stakeholder readiness score (M=3.56) indicates that while support for GIS
investment exists (M=3.84), substantial capacity development will be necessary to translate this support
into effective implementation. The relatively low GIS awareness score (M=3.23) confirms the need for
comprehensive education programs targeting diverse stakeholder groups, consistent with
recommendations by Coetzee and Minghini (2020) regarding capacity building priorities. The moderate
readiness for institutional change (M=3.41) suggests that successful implementation will require not only
technical solutions but also organizational reforms and policy frameworks supporting technology
integration into planning processes, aligning with research by Georgiadou et al. (2019) and Masser and
Crompvoets (2021).

The spatial analysis component of this research revealed concerning patterns including uncontrolled
settlement expansion, infrastructure coverage gaps, and environmental encroachment that could be more
effectively managed through GIS-based planning systems. These observations support research by Eja et
al. (2021) documenting environmental challenges in Cross River State municipalities. The absence of
comprehensive spatial databases prevents systematic monitoring of these trends, undermining proactive
planning interventions that could prevent future problems.

Findings from this research align with broader Nigerian urban planning literature documenting
widespread recognition of GIS necessity alongside significant implementation gaps (Abdullahi &
Pradhan, 2020; Ibrahim & Ahmad, 2020; Nwilo et al., 2020). However, this study extends existing
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knowledge by providing empirical quantification of relationships between spatial data infrastructure,
planning effectiveness, and stakeholder readiness specifically in a secondary urban center context.
Previous research has concentrated predominantly on major metropolitan areas, leaving planning
challenges in emerging urban centers inadequately documented.

The strong statistical evidence supporting all three research hypotheses provides robust empirical
foundation for policy advocacy and investment justification. The demonstrated relationships between
current system inadequacy and planning ineffectiveness, between GIS adoption potential and planning
improvements, and between stakeholder characteristics and technology perceptions offer actionable
insights for implementation strategy development. These findings suggest that GIS investment represents
not merely technological upgrading but fundamental transformation of planning capacity essential for
addressing contemporary urban challenges.

Conclusion

This empirical investigation has established conclusive evidence supporting the critical need for advanced
Geographical Information System development to enhance urban planning in Ugep, Cross River State.
The research documented severe deficiencies in existing spatial data management infrastructure, with
overall system adequacy rated as fundamentally inadequate by planning stakeholders across diverse
categories. Statistical analysis confirmed significant relationships between current infrastructure
limitations and planning effectiveness deficits, demonstrating that inadequate spatial data systems directly
undermine development control, infrastructure coordination, environmental management, and evidence-
based decision making.

Strong positive correlations between GIS technology adoption indicators and planning outcomes
including efficiency, decision accuracy, sustainability, and stakeholder participation provide compelling
empirical validation of technology's transformative potential for planning practice. Stakeholder consensus
regarding anticipated benefits encompasses improved spatial data accuracy, enhanced planning efficiency,
better infrastructure coordination, superior decision-making quality, and strengthened environmental
management capacity. However, implementation will require addressing substantial challenges including
financial constraints, technical expertise shortages, data availability limitations, institutional resistance,
and policy framework deficiencies.

The research reveals moderate overall stakeholder readiness characterized by strong support for GIS
investment but limited technology awareness and capacity, indicating that successful implementation
demands comprehensive strategies combining infrastructure development, capacity building, institutional
reform, and policy support. Significant variations in benefit perceptions and challenge awareness across
stakeholder categories underscore the importance of tailored engagement approaches addressing diverse
perspectives and knowledge levels.

Urban planning in Ugep currently proceeds without adequate spatial intelligence support, perpetuating
inefficiencies and missed opportunities for sustainable development. The transition from manual,
fragmented systems to integrated GIS platforms represents essential modernization enabling planning
authorities to address contemporary urban challenges effectively. This research provides empirical
foundation for policy advocacy, investment justification, and implementation planning, contributing to
broader efforts advancing evidence-based urban planning practice in Nigerian secondary cities.
Recommendations

Based on the empirical findings of this research, the following recommendations are proposed to guide
advanced GIS development for planning in Ugep:

1. Yakurr Local Government should develop a comprehensive digital spatial database integrating
cadastral information, topographic data, infrastructure inventories, demographic statistics, and
environmental parameters. This centralized repository should employ open-source GIS platforms
to minimize licensing costs while ensuring data accessibility across planning departments and
relevant agencies.
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2. Planning authorities should institute systematic training initiatives targeting government officials,
development consultants, and community stakeholders to develop essential GIS skills.

3. Training programs should encompass basic spatial analysis techniques, database management,
cartographic visualization, and practical applications addressing local planning priorities.

4. State and local government budgets should allocate dedicated funding for GIS hardware,
software, data acquisition, and system maintenance.

5. Given documented financial constraints, authorities should explore partnership opportunities with
academic institutions, development organizations, and technology providers to leverage external
resources and technical support.

6. Cross River State should formulate policies mandating GIS utilization in planning processes,
establishing spatial data standards, requiring inter-agency data sharing, and defining institutional
responsibilities for spatial database maintenance.

7. Planning authorities should conduct comprehensive spatial data collection campaigns utilizing
satellite imagery, participatory mapping, and field surveys to populate GIS databases with
current, accurate information.

8. Government of Cross River State should establish formal coordination structures linking planning
departments with other government agencies, utility providers, educational institutions, and civil
society organizations to facilitate data sharing, collaborative analysis, and coordinated planning
interventions enabled by integrated GIS platforms.

9. Government should conduct targeted awareness campaigns educating decision-makers, traditional
leaders, and community members regarding GIS benefits, applications, and implementation
requirements to build political support and public understanding necessary for successful
technology adoption.

10. Government should adopt incremental implementation approach beginning with priority
applications such as land use mapping, infrastructure planning, or environmental management
where GIS can demonstrate immediate value, building momentum and justifying expanded
investment based on documented successes.

References

Abdullahi, S., & Pradhan, B. (2020). Sustainable development through GIS-based urban growth
modeling: A case of  Nigerian cities. Sustainability, 12(14), 5541.
https://doi.org/10.3390/sul2145541

Abubakar, 1. R. (2022). Sustainable urban planning strategies for mitigating climate change in Saudi
Arabia. Environment, Development and Sustainability, 24(4), 5137-5161.
https://doi.org/10.1007/s10668-021-01655-8

Abubakar, I. R., & Aina, Y. A. (2019). The prospects and challenges of developing more inclusive, safe,
resilient and sustainable cities in Nigeria. Land Use Policy, 87, 104105.
https://doi.org/10.1016/j.landusepol.2019.104105

Afzalan, N., & Evans-Cowley, J. (2020). Planning and social media: Facebook for planning at the
neighbourhood scale. Planning Practice & Research, 35(1), 77-91.
https://doi.org/10.1080/02697459.2015.1052943

Ajibade, 1., PPolicyowski, M., & Boateng, G. O. (2019). Toward a just climate change adaptation in
African cities: Perspectives on the role of urban green infrastructure. Climate and Development,
11(9), 757-772. https://doi.org/10.1080/17565529.2018.1551179

Akpan, U. F., Eyo-Udo, N. L., & Alex, N. M. (2021). Urban land use planning and management
challenges in Cross River State, Nigeria. Journal of Geography and Regional Planning, 14(1),
1-12. https://doi.org/10.5897/JGRP2020.0798

Allen, C., Metternicht, G., & Wiedmann, T. (2019). Prioritising SDG targets: Assessing baselines, gaps
and interlinkages. Sustainability Science, 14(2), 421-438. https://doi.org/10.1007/s11625-018-
0596-8

123


https://doi.org/10.3390/su12145541
https://doi.org/10.1007/s10668-021-01655-8
https://doi.org/10.1016/j.landusepol.2019.104105
https://doi.org/10.1080/02697459.2015.1052943
https://doi.org/10.1080/17565529.2018.1551179
https://doi.org/10.5897/JGRP2020.0798
https://doi.org/10.1007/s11625-018-0596-8
https://doi.org/10.1007/s11625-018-0596-8

Aluko, B. T., & Amidu, A. R. (2019). GIS application in property rating: Opportunities for developing
countries. Journal of Land Use Science, 14(1), 44-58.
https://doi.org/10.1080/1747423X.2019.1594723

Anselin, L., & Rey, S. J. (2021). Modern spatial econometrics in practice: A guide to GeoDa,
GeoDaSpace and PySAL. GeoDa Press.

Bassey, N. E., & Antigha, R. E. (2019). Population dynamics and urban infrastructure development in
Cross River State. African Journal of Social Sciences, 9(3), 89-102.

Batty, M. (2019). Digital twins. Environment and Planning B: Urban Analytics and City Science, 45(5),
817-820. https://doi.org/10.1177/2399808318796416

Biljecki, F., Stoter, J., Ledoux, H., Zlatanova, S., & Coltekin, A. (2021). Applications of 3D city models:
State of the art review. ISPRS International Journal of Geo-Information, 4(4), 2842-2889.
https://doi.org/10.3390/ijgi4042842

Brovelli, M. A., Minghini, M., Moreno-Sanchez, R., & Oliveira, R. (2020). Free and open source
software for geospatial applications: An overview. Open Geospatial Data, Software and
Standards, 5(1), 1-9. https://doi.org/10.1186/s40965-020-00075-w

Brown, G., & Brabyn, L. (2021). The extrapolation of social landscape values to a national level in New
Zealand using landscape character classification. Applied Geography, 35(1-2), 84-94.
https://doi.org/10.1016/j.apgeo0g.2012.06.005

Coetzee, S., & Minghini, M. (2020). Openness and interoperability in geospatial science. International
Journal of Geographical Information Science, 34(06), 1085-1091.
https://doi.org/10.1080/13658816.2020.1726923

Coltekin, A., Oprean, D., Wallgriin, J. O., & Klippel, A. (2020). Where are we now? Re-visiting the
digital earth through human-centered virtual and augmented reality geovisualization
environments.  International — Journal  of  Digital  Earth, 13(1), 119-146.
https://doi.org/10.1080/17538947.2018.1560986

Dangermond, J., & Romero, K. (2020). The power of where: Unlocking the potential of GIS.
Environmental Systems Research, 9(1), 18. https://doi.org/10.1186/s40068-020-00178-3

Drummond, W. J., & French, S. P. (2021). The future of GIS in planning: Converging technologies and
diverging interests. Journal of the American Planning Association, 74(2), 161-174.
https://doi.org/10.1080/01944360801982146

Efiong, J., & Ibok, O. (2020). Spatial analysis of urban sprawl in Calabar, Nigeria. Journal of Sustainable
Development, 13(4), 156-167. https://doi.org/10.5539/jsd.v13n4p156

Eja, E. 1, Eze, B. E., & Otu, J. E. (2021). Environmental challenges and sustainable development in Cross
River State, Nigeria. [International Journal of Environmental Studies, 78(2), 245-261.
https://doi.org/10.1080/00207233.2020.1804568

Eludoyin, A. O., Adelekan, 1. O., Webster, R., & Eludoyin, O. M. (2021). Air temperature, relative
humidity, climate regionalization and thermal comfort of Nigeria. International Journal of
Climatology, 34(6), 2000-2018. https://doi.org/10.1002/joc.3817

Ezeomedo, I. C., & Igbokwe, J. I. (2021). Implementation of GIS in urban planning practice in Nigeria:
Challenges and prospects. Journal of Geographic Information System, 13(2), 89-104.
https://doi.org/10.4236/1gis.2021.132006

Gebre, M., & Kaaviya, R. (2020). Constraints and challenges in implementing GIS for sustainable
development in developing countries: A review. International Journal of Advanced Research in
Computer Science, 11(3), 45-52.

Geneletti, D., & Cortinovis, C. (2021). Ecosystem services assessment for strategic environmental
assessment. In Handbook on strategic environmental assessment (pp. 235-249). Edward Elgar
Publishing.

Georgiadou, Y., Lungo, J. H., & Richter, C. (2019). Citizen sensors or extreme publics? Transparency
and accountability interventions on the mobile geoweb. International Journal of Digital Earth,
7(7), 516-533. https://doi.org/10.1080/17538947.2013.782073

124



https://doi.org/10.1080/1747423X.2019.1594723
https://doi.org/10.1177/2399808318796416
https://doi.org/10.3390/ijgi4042842
https://doi.org/10.1186/s40965-020-00075-w
https://doi.org/10.1016/j.apgeog.2012.06.005
https://doi.org/10.1080/13658816.2020.1726923
https://doi.org/10.1080/17538947.2018.1560986
https://doi.org/10.1186/s40068-020-00178-3
https://doi.org/10.1080/01944360801982146
https://doi.org/10.5539/jsd.v13n4p156
https://doi.org/10.1080/00207233.2020.1804568
https://doi.org/10.1002/joc.3817
https://doi.org/10.4236/jgis.2021.132006
https://doi.org/10.1080/17538947.2013.782073

Goodchild, M. F. (2020). Replication across space and time must be weak in the social and environmental
sciences. Proceedings of the National Academy of Sciences, 117(13), 17656-17662.
https://doi.org/10.1073/pnas. 1921684117

Guo, H., Liang, D., Sun, Z., Chen, F., Wang, X., Li, J., ... & Liu, L. (2020). Measuring and evaluating
SDG indicators with big earth data. Science Bulletin, 67(17), 1792-1801.
https://doi.org/10.1016/].s¢ib.2022.07.015

Harris, R., & Fotheringham, A. S. (2020). Exploring spatial patterns in geographic information systems.
In Handbook of regional science (pp. 1769-1785). Springer.

Ibrahim, M. R., & Ahmad, A. (2020). GIS application in urban planning and development control: The
case of Abuja, Nigeria. Urban and Regional Planning Review, 7(1), 23-38.

Iwuji, M. C., Onyeka, F. C., & Okeke, F. 1. (2019). Strategies for effective GIS implementation in
Nigerian urban planning practice. Journal of Environmental Science and Engineering, 8(4),
178-189.

Kankanamge, N., Yigitcanlar, T., Goonetilleke, A., & Kamruzzaman, M. (2020). Can volunteer
crowdsourcing reduce disaster risk? A systematic review of the literature. International Journal
of Disaster Risk Reduction, 35, 101097. https://doi.org/10.1016/}.ijdrr.2019.101097

Kuffer, M., Pfeffer, K., & Sliuzas, R. (2020). Slums from space—15 years of slum mapping using remote
sensing. Remote Sensing, 8(6), 455. https://doi.org/10.3390/rs8060455

Li, W., Batty, M., & Goodchild, M. F. (2020). Real-time GIS for smart cities. International Journal of
Geographical Information Science, 34(2), 311-324.
https://doi.org/10.1080/13658816.2019.1673397

Longley, P. A., Goodchild, M. F., Maguire, D. J., & Rhind, D. W. (2020). Geographic information
science and systems (4th ed.). Wiley.

Malczewski, J., & Rinner, C. (2021). Multicriteria decision analysis in geographic information science
(2nd ed.). Springer.

Masser, 1., & Crompvoets, J. (2021). Building European spatial data infrastructures: The institutional
challenge. In Research and theory in advancing spatial data infrastructure concepts (pp. 23-
36). ESRI Press.

Mukherjee, F. (2019). Assessing the effectiveness of public participation in planning processes: An
empirical study. Environment and Planning B: Urban Analytics and City Science, 46(9), 1637-
1654. https://doi.org/10.1177/2399808318772202

Munawar, H. S., Hammad, A. W., Waller, S. T., Thaheem, M. J., & Shrestha, A. (2021). An integrated
approach for post-disaster flood management via the use of cutting-edge technologies and
UAVs: A review. Sustainability, 13(14), 7925. https://doi.org/10.3390/sul13147925

Nkwae, B. (2021). Conceptual framework for modelling land value uplift generated by transportation
infrastructure investments. Land Use Policy, 102, 105233.
https://doi.org/10.1016/j.landusepol.2020.105233

Nwilo, P. C., Olayinka, D. N., Uwadiegwu, I., & Adzandeh, A. E. (2020). Spatial information
infrastructure for sustainable development in Nigeria. Journal of Sustainable Development in
Africa, 12(7), 78-95.

Nwokoro, 1., & Dekolo, S. (2021). Land use and urban sustainability: Towards a new conceptual
framework for the African city. City and Environment Interactions, 10, 100055.
https://doi.org/10.1016/].cacint.2021.100055

Ofem, B., & Inah, E. (2019). Urban development challenges in Cross River State: The case of Calabar
metropolis.  Journal  of  Humanities and  Social  Science,  24(6),  45-58.
https://doi.org/10.9790/0837-2406064558

Okon, E. E., & Ubi, P. S. (2019). Land use dynamics and environmental sustainability in Cross River
State. African Research Review, 13(2), 112-125. https://doi.org/10.4314/afrrev.v13i2.10

125


https://doi.org/10.1073/pnas.1921684117
https://doi.org/10.1016/j.scib.2022.07.015
https://doi.org/10.1016/j.ijdrr.2019.101097
https://doi.org/10.3390/rs8060455
https://doi.org/10.1080/13658816.2019.1673397
https://doi.org/10.1177/2399808318772202
https://doi.org/10.3390/su13147925
https://doi.org/10.1016/j.landusepol.2020.105233
https://doi.org/10.1016/j.cacint.2021.100055
https://doi.org/10.9790/0837-2406064558
https://doi.org/10.4314/afrrev.v13i2.10

Olaleye, J. B., Abiodun, O. E., & Adegoke, J. K. (2020). Spatio-temporal analysis of urban expansion and
its impacts on land surface temperature in Lagos, Nigeria. Geomatics, Natural Hazards and
Risk, 11(1), 1689-1709. https://doi.org/10.1080/19475705.2020.1810784

Onsrud, H. (2020). Transparency of government GIS data: Social benefits and potential costs. In
Geographic information systems and the law (pp. 167-184). Routledge.

O'Sullivan, D., & Unwin, D. J. (2020). Geographic information analysis (3rd ed.). Wiley.

Pettit, C., Widjaja, L., Russo, P., Sinnott, R., Stimson, R., & Tomko, M. (2021). Visualisation support for
exploring urban space and place. ISPRS Annals of the Photogrammetry, Remote Sensing and
Spatial Information Sciences, 1I-2/W1, 153-158. https://doi.org/10.5194/isprsannals-11-2-W1-
153-2013

Pfeffer, K., Baud, 1., Denis, E., Scott, D., & Sydenstricker-Neto, J. (2021). Participatory spatial
knowledge management tools: Empowerment and upscaling or exclusion? Information,
Communication & Society, 16(2), 258-285. https://doi.org/10.1080/1369118X.2012.687393

Rahman, M. M., Szabo, G., & Kerekes, A. (2019). Urban green space planning for climate adaptation in
medium-sized cities of developing countries. European Journal of Geography, 10(3), 152-167.

Sieber, R. E., Robinson, P. J., Johnson, P. A., & Corbett, J. M. (2020). Doing public participation on the
geospatial web. Annals of the Association of American Geographers, 106(5), 1030-1046.
https://doi.org/10.1080/24694452.2016.1191325

Steiniger, S., & Hunter, A. J. (2021). The 2012 free and open source GIS software map: A guide to
facilitate research, development, and adoption. Computers, Environment and Urban Systems,
39, 136-150. https://doi.org/10.1016/j.compenvurbsys.2012.10.003

Tingsanchali, T., & Promping, T. (2020). Comprehensive assessment of flood hazard, vulnerability, and
flood risk at the household level in a municipality area: A case study of Nan Province, Thailand.
Water, 12(6), 1563. https://doi.org/10.3390/w12061563

Udida, A. A., Ukwayi, J. K., & Udofia, A. E. (2020). Socio-economic characteristics and urban
development in Yakurr Local Government Area, Cross River State. International Journal of
Development and Sustainability, 9(2), 156-172.

Ukwayi, J. K., Angioha, P. U., & Eneji, C. M. (2020). Urban planning and sustainable development in
Cross River State: Challenges and prospects. International Journal of Scientific Research in
Multidisciplinary Studies, 6(4), 23-31.

Van Oort, P. A. (2020). Spatial data quality: From description to application. Wageningen University.

Wang, H., & Peng, Z. R. (2020). GIS-based decision support for regional eco-security assessment and
planning. Journal of Environmental Management, 242, 24-37.
https://doi.org/10.1016/j.jenvman.2019.04.059

Wu, Y., Zhang, X., & Shen, L. (2020). The impact of urbanization policy on land use change: A scenario
analysis. Cities, 56, 147-159. https://doi.org/10.1016/j.cities.2016.04.005

Yeh, A. G. O. (2020). Urban planning and GIS. In Geographical information systems: Principles,
techniques, management and applications (pp. 877-888). Wiley.

Yeh, A. G. O., & Shi, X. (2019). Applying case-based reasoning to urban planning: A new planning
support system tool. Environment and Planning B: Planning and Design, 26(1), 101-115.
https://doi.org/10.1068/b260101

Zaki, S. A., Teng, T. J., Johar, F., Nawawi, S. A., & Basir, W. N. F. W. A. (2021). Integrating GIS in
spatial planning: Lessons from Iskandar Malaysia. Planning Malaysia Journal, 19(2), 234-248.
https://doi.org/10.21837/pm.v19i16.963

126


https://doi.org/10.1080/19475705.2020.1810784
https://doi.org/10.5194/isprsannals-II-2-W1-153-2013
https://doi.org/10.5194/isprsannals-II-2-W1-153-2013
https://doi.org/10.1080/1369118X.2012.687393
https://doi.org/10.1080/24694452.2016.1191325
https://doi.org/10.1016/j.compenvurbsys.2012.10.003
https://doi.org/10.3390/w12061563
https://doi.org/10.1016/j.jenvman.2019.04.059
https://doi.org/10.1016/j.cities.2016.04.005
https://doi.org/10.1068/b260101
https://doi.org/10.21837/pm.v19i16.963

