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Abstract: Noise remains an important challenge, particularly in informal settings where planning
and regulation are relatively weak. This study aims at developing a model to predict noise in a
largely informal urban Kano, the second most populated city in Nigeria. Sound level meter (SLM)
200 TL was used to measure noise at locations covering different land use: residential, industrial,
commercial, educational, and administrative areas. Data were collected for seven days, and each day
measurements were taken for six hours: 8–10 a.m., 12–2 p.m. and 4–6 p.m. Land use, population
density, residential division, traffic volume, and land cover were used to generate a noise model
using weighted geographic regression. The findings revealed that noise in the area is higher than the
permissible limits set by the WHO and Nigeria’s regulatory agency. The model identified population
density as the most influencing factor, followed by land cover, traffic volume and distance to the road,
then land use. Seventy three percent of the model’s residual are below five, indicating a significant
association between noise and the variables used. The R2 ranges between 18% and 26% depending
on the time of the day. Noise in the area can be effectively control by paying serious attention to city
planning and enforcing traffic regulation measures.

Keywords: sound level; prediction; city; population; land use; urban planning

1. Introduction

Despite the existence of guidelines to reduce noise pollution, noise remains a challenge
in many cities of the developing and developed world. In many cities of the world, noise
levels exceeding optimum standards were reported [1–4]. Most especially in the developing
countries, cities’ inhabitants are exposed to noise due to poor planning [5] and unregulated
increases in traffic resulting from population growth [6].

The fact that noise is viewed as an urban phenomenon has attracted the interest of
much research. Some of these studies were conducted in Deft city of The Netherlands [7];
in Stip city, Macedonia [8]; in Birmingham, England [9]; in major airports of European
cities [10]; in the commercial areas of Gorakhpur City in India [4]; and in Columbo of Sri
Lanka [11]. All these studies reported some noncompliance with noise standard in parts of
the cities.

Noise modeling plays a significant role in urban planning and management. Because
of the importance of noise control in urban environments, several models have been
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proposed and used in noise prediction. Most of these noise models focus on traffic related
noise [3,12–17]. Even though traffic is the most important source of urban noise, it cannot be
used as a proxy for urban noise. Indeed, using it alone will lead to a serious underestimation
of noise in an urban environment [18]. This is due to the nature of the urban environment
in terms of its complexity and of it having accumulated, saturated, and diverse sources of
sound [12]. These sources include road traffic, industry, construction, commerce, and social
as well as leisure activities. Noise pollution has attracted the interest of many disciplines
and researchers: medical scientists, urban scientists, physicists, engineers, environmental
scientists, and social scientists. This has led to the evolution and use of varying methods
and approaches in noise studies.

In Nigeria, studies such as [19] in Abraka, Delta State, [6] in Ikeja, and [20] in Kano
reported a high noise level, exceeding 85 dB in urban communities of Nigeria. In Kano
Metropolis, some studies were conducted on noise pollution [21–23]. These studies were
mainly on spatial variation in noise level based on measurements from one or more land
use and some specific to a particular noise source. Kano metropolis, the study area, is the
second largest city in the country and the commercial capital of northern Nigeria [24]. The
metropolis has a projected population of about 4.5 million people, four industrial estates
and over ten commercial areas. It is equally known for high traffic [25] that generates a lot
of noise [26]. Moreover, contributing much to the city soundscape is people’s resolve to
using electricity generators day and night due to inadequate power supply [27,28]. It is,
therefore, important to identify factors contributing to the noise which will go a long way
in identifying and addressing the problem in future.

2. Materials and Methods

The study area, Kano Metropolis, is the second largest urban center in Nigeria and the
administrative capital of Kano State. Kano is located within latitudes 11◦50′ to 12◦07′ North
and longitudes 8◦22′ to 8◦47′ East [24]. Currently, the city has a population of nearly
5 million inhabitants, has a population density of over 15,000 persons per square kilometer,
and a growth rate of 3.9% [24]. Kano Metropolis has assumed the status of city as far back
as the 12th century [29] and since then it continues to grow in terms of population and
commerce [26]. Kano is arguably the second most important commercial city in Nigeria.
Fortunately, the city’s administrators have left the informal development to constitute
a larger portion of its landscape [26]. Indeed, the informal development has not only
constituted nearly half of its landmass, but even within what is considered formal a lot
of informal development exists. A crucial attribute of Kano City is the use of informal
commercial transport system which constitutes 60% for public use [20].

A sound level meter (model Graiger TL 200, manufacture by Shenzhen Handsome
Technology Co., Ltd, Shenzhen, China) was used to measure the sound level at locations.
Noise logger communication application was used to record sound level data into computer
at a height of 1.5 as requested by standards. Multi-layer stratification was employed to
create the sampling clusters for the study. Land use and housing density formed the basis
for the creation of sampling clusters. The study area was classified based on land use into
residential, industrial, and commercial areas. The residential areas were further classified
based on housing density into low, medium, and high-density areas. In addition, samples
were collected from the major metropolitan roads. Thus, the strata for data collection were
industrial, commercial, low density residential, medium density residential, high density
residential, and traffic corridors.

Thirty-eight sampling areas were used and in each area three points (sampled loca-
tions) were selected using convenience sampling techniques—selecting major areas, making
a total 114 sampled locations. Global Positioning System (GPS) Garmin 76× (made by Nuvi
Accessories, Hong Kong, China) model was used to record the coordinates of the sampled
location for GIS analysis. Sound level was measured for seven days. Within each location,
data were collected for morning (8–10 a.m.), afternoon (12–2 p.m.), and evening (4–6 p.m.).
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All nine major commercial areas of the metropolis, which include Abubakar Rimi
(Sabon Gari), Kantin Kwari, Kurmi, Kofar Ruwa, ‘Yankaba, Naibawa (Yanlemo), Rimi,
Wapa, and Kofar Wambai markets, were included. This made a total of twenty-seven
sampled points. Five industrial areas included are Sharada, Bampai, Tokarawa, Challawa,
and Dakata. In each of them, three points were also selected for the data collection. These
made a total of fifteen locations with forty-five sampling sites. Twenty-one locations were
selected from the four residential clusters within the metropolis. The residential areas in the
metropolis were categorized into low, medium, and high density [30]. Another category
described as peri-urban metropolitan area was also sampled [31]. The high-density areas
include the Birni (old walled city), Gwargwarwa-Tudun Murtala, Kurna Rijiyar Lemo,
Unguwa Uku, Giginyu, Naibawa and Sheka. Medium density areas are predominantly
new layouts that include: Hausawa, Tarauni, parts of Hotoro, Rijiyar Zaki, Gadon Kaya,
Kundila, Shagari Quarters, Gwammaja, Tukuntawa, and Danladi Nasidi. The Low-density
areas are mainly the GRAs and Institutional lands. Two of the major GRAs, Nasarawa
and NNDC were selected as representatives for this cluster. There are also peri-urban
residential areas of Ungogo and Kumbotso to the north and south of the Metropolis. The
areas sampled constitute the major spatial clusters in the metropolis [32]. Three additional
samples were also selected, one sample from each of institutional (Audu Bako Secretariat),
educational (Bayero University), recreational (Race Course). In each sampling location
three sites were selected.

To develop a model for noise level, a spatial multiple regression was applied using the
geographic weighted regression tool in ArcGIS 10.3. The model is based on Tobler’s First
Law of geography and allows for estimation of dependent variable using a set of one or
more dependent variables which are measured at a point whose location(s) is/are known.
Six sets of variables: population density, land use and land cover, traffic volume, distance
from road, and residential subdivision data were used as independents in the model. The
choice was based their effect on noise level as identified from the literature, and availability
of data on the variable. The model used is an adoption and modification of Sieber et al. [33]
and is given as:

yi (u) = β0i(u) + β1i (u) x1i + β2i (u) x2i + β3i (u) x3i + β4i (u) x4i+

β5i (u) x5i + β6i (u) x6i + ε
(1)

where β_0i (u) is a parameter that describes a relationship around location u and is specific
to that location, y is the noise level dependent variable, x_1, x_2, x_3, x_4, x_5 and x_6
represent the independent variables as listed in Table 1, and ε the error term, describing the
account factors that were not captured by this study.

Table 1. List of independent variables used in Equation (1).

Independent Variable Name Symbol

x_1 land cover
x_2 distance from road
x_3 population density
x_4 residential subdivision
x_5 land use
x_6 traffic volume

These variables were chosen because of their significant effects in noise prediction as
explained [33]. Population determines the level of noise produce, because noise is largely
human in nature especially in urban environment. The type of land use generally dictates
the activity in the area. Trees are known to attenuate noise, and as such noise studies
generally include vegetation cover in their predictions. In a city, areas have different traffic
volumes and are located at different distance from the road, hence it is important to include



Appl. Sci. 2022, 12, 9071 4 of 11

these variables in noise prediction. Noise is likely to vary between formal and informal
areas. In Kano Metropolis, almost half of the city has no planning footprint [24].

Population was obtained from the National Population Commission which was based
on the 2006 census, and the population cluster was created based on [32] and then projected
using the geometric projection method and based on the inter-census growth rates (ICGRs)
of different LGAs. The projected population data were used to compute population density
and vector map was produced. The results were ranked and then rasterized.

The land use map was produced based on [34]. The map was updated using most
recent Google Earth pro data. The land uses were ranked based on intensity of usage and
the ability to generate high noise levels. The final vector map was equally rasterized.

For land cover data, a Landsat 8 image of the area for year 2018 was downloaded from
the Glovis land cover facility site. The image was used to compute normalized differential
vegetation index (NDVI). The NDVI is computed as shown in Equation (2):

NDVI = (NIR− Red)/(NIR + Red) (2)

where NDVI is the most commonly used image indices for land cover [35,36], NIR is the
near infrared region of the electromagnetic spectrum corresponding to band 5 and Red is
the red region corresponding to band 4 in Landsat image. The final NDVI product is a value
ranging from −1 through 0 to +1 with more positive values indicating vegetation cover.

The major roads’ data were used to create multiple ring buffers using 500 m. The
assumption is that as one moves away from the road the noise level will be decreasing. The
buffers were ranked in descending order as one gets away from the main road. The final
map was also converted to raster.

The traffic volume data were obtained from the Kano Urban Transport Project Office
(KUTPO) in the State Ministry of Works, Housing and Transportation. The data were
collected for KUTPO intervention by Nigeria Infrastructure Advisory Facility (NIAF), a
subsidiary of Adam Smith UK under Department for International Development (DFID)
funding. The data were processed for hourly total, and the hourly mean for the day,
afternoon, morning, and evening were computed. The data were projected using the
2.5% growth rate proposed [34]. The traffic volume map was produced using the spatial
interpolation method in ArGIS based on the fifteen points selected for measuring the traffic
noise. The final map was classified, ranked, and changed to raster. Table 2 shows how the
ranking was performed for the modelling.

The residential subdivision data were sourced from KUTPO/NIAF 2014. The data had
divided Kano City’s residential clusters into low density, medium density, and high-density
residential units and into formal and informal areas. These areas were ranked bearing in
mind that high density will generate more noise, and that noise will be higher in informal
localities. The vector map for the data were produced and then rasterized as carried out for
the others.

The sampling locations data were used to extract the raster values using the extraction
spatial analyst tool in ArcMap environment of ArcGIS. Data containing the extracted raster
values were regressed using the geographic weighted regression with observed mean
noise. Final outputs were exported as tables for presentation and for drawing graphical
presentation of observed and predicted noise levels.
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Table 2. Variable Used and Their Ranking for the Modelling.

Land Use Type Code

Administrative/Open 1
Educational 2

Low Density Res. 3
Medium Density Res. 4

High Density Res. 5
Industrial 6

Commercial 7
Distance from main road (km) Code

<0.25 0.70
0.025 to 0.5 0.20

0.6–1.0 0.050
1.0–2.0 0.045
2.0–4.0 0.005

>4.0 0.000
Population Density Code

0.0–2500 0.10
2501–6262 0.20

6263–20,666 0.30
20,667–40,705 0.40
40,706–79,846 0.50
Land Cover NDVI value

Traffic Volume Absolute Volume data

3. Results

Table 3 shows the descriptive statistics of the noise levels by land use types. The mean
noise level of the area is generally high and greater than permissible level for dwelling
places [11]. The mean noise level recorded was highest in high density residential and
commercial areas and lowest in educational areas. The lowest mean value recorded in the
educational area is be attributed to higher tree density in the area as trees is known to absorb
a lot of noise. The highest noise level areas were high density residential, commercial, and
industrial clusters.

Table 3. General Distribution of Noise Land use type in dB(A).

Land Use Mean Stdv N CV (%) Maximum Permissible Sound
Level by WHO/NESREA

Commercial 65.5 11.20 750,699 17.1 55
Educational 51.28 7.33 79,180 14.3 45
Industrial 64.66 12.00 353,881 18.6 60

Institutional 63.18 12.95 75,936 20.5 45
High Density
Residential 66.99 14.42 599,992 21.5 50

Low Density
Residential 58.07 12.52 161,115 21.6 50

Medium Density
Residential 58.01 13.22 766,972 22.8 50

Peri-urban Resd. 60.07 11.77 143,871 19.6 50
Recreational 63.51 12.78 48,752 20.1 45

Noise pollution levels were regressed with the parameters to see how they (the vari-
ables used) explained noise level. The result of spatial regression analysis is presented in
Table 4 which indicates that relationships between noise level and determinants of noise
pollution is very significant for mean daily, morning, afternoon, and evening because
for each of the four the p–values were less than 0.05. However, the individuals p-values
show that population density is the most significant factor by having p = 0.01 and 0.033



Appl. Sci. 2022, 12, 9071 6 of 11

for afternoon and evening, respectively. Land cover, which has to do with greening and
tree cover, is equally significant at 95% confidence level for morning and afternoon; and is
probably significant in evening.

Table 4. Factor Determining the Noise Level.

Model
Unstandardized

Coefficients
Standardized
Coefficients t Sig. r2

B S. Error Beta

Morning

(Constant) 52.927 5.543 9.549 0.000 0.268
Distance from Road 5.582 3.246 0.155 1.72 0.088

Land Use 109.583 52.514 0.193 2.087 0.039
Land Cover 63.107 −26.404 11.118 −2.374 0.019

Population Density 10.1 6.121 0.16 1.65 0.102
Residential Subdivision 2.241 5.219 0.038 0.429 0.668

Traffic Volume −0.001 0.001 −0.109 −1.2 0.232

Afternoon

(Constant) 63.394 7.231 8.767 0.000 0.163
Distance from Road 0.558 4.202 0.012 0.133 0.895

Land Use 5.625 68.505 0.008 0.082 0.935
Land Cover 66.092 −35.267 15.060 −2.342 0.021

Population Density 26.351 8.016 0.323 3.287 0.001
Residential Subdivision 7.122 6.766 0.095 1.053 0.295

Traffic Volume −0.001 0.001 −0.134 −1.445 0.151

Evening

(Constant) 56.237 6.77 8.307 0.000 0.227
Distance from Road 8.583 3.964 0.197 2.165 0.032

Land Use 95.238 64.138 0.139 1.485 0.140
Land Cover 65.386 −22.060 13.818 −1.596 0.113

Population Density 11.316 7.475 0.148 1.514 0.033
Residential Subdivision −4.52 6.374 −0.064 −0.709 0.48

Traffic Volume −0.001 0.001 −0.083 −0.904 0.368
All bold are significant at 0.05 level.

A significant relationship was found between noise level and the set of explanatory
variables given a multiple correlation coefficient (multiple R) of 48.7% and coefficient
of determination (R2) of 23.7% (Table 5). This indicates that the set of variables in the
equation can predict approximately 49% of the noise level (dependent variable) assuming
that intercepts were included in the equation and can explain up to 24% of the noise level
variation assuming noise variables relation to be non-linear. The adjusted R2 is said to
clear the issues that arise from addition of a new variable. Any addition of an independent
variable will have a positive effect on the coefficient of determination.

Table 5. Model Summary.

Multiple R 0.487
R Square 0.237

Adjusted R Square 0.193
Std. Error of the Estimate 10.120

Log-likelihood Function Value −368.923
p-value 0.000

Individually, the variables differ in their contribution to noise level. The most sig-
nificant variables are land use type, traffic volume, and land cover (Table 6). The model
substitute is:

NL = 64.061 + [(−19.599× Land cover)+)− 0.259×Distance to road)+

(4.017× Population density) + (3.210×Housing subdivision)+

(1.652× Land use) + (−0.002× Traffic volume)]± 4.58
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Table 6. Coefficients of Regressions.

Unstandardized
Coefficients

Standardized
Coefficients T Sig.

B Std. Error Beta Std. Error

(Constant) 64.061 4.578 13.993 0.000
Land cover (ndvi) −19.599 10.610 −0.195 0.106 −1.847 0.068

Dist. Road −0.259 2.457 −0.010 0.093 −0.105 0.916
Pop. Density 4.017 4.611 0.088 0.101 0.871 0.386

Housing Density 3.210 3.832 0.077 0.091 0.838 0.404
Land use 1.652 0.499 0.327 0.099 3.315 0.001

Traffic Volume −0.002 0.001 −0.253 0.093 −2.730 0.007

The descriptive statistics revealed a close relationship between observed and predicted
noise level with mean values of 62.19 and 62.21, respectively (Table 7). Standard error
and standard deviation are higher in observed areas indicating more variability than
expected. This can be linked to extraneous factors that influence noise pollution outside
ones considered by the study including ceremonial activities, wedding, as well as the type
of building and road construction material, culture, and societal values.

Table 7. Summary Statistics of the Observed and Predicted Noise Levels.

Observed Predicted

Mean 62.19 62.21
Standard Error 0.74 0.39

Standard Deviation 7.78 4.13
Kurtosis −0.44 −0.50

Skewness 0.02 −0.34
Range 38.41 18.26

Minimum 44.52 53.08
Maximum 82.92 71.33

The maps for and quartile plots of mean observed and predicted noise levels are
presented in Figure 1a,b, respectively, and Figure 2a,b, respectively.
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Figure 1a shows observed noise and Figure 1b predicted noise of Kano Metropolis.
Looking at Figure 2a,b, one can see some semblance between observed and predicted noise
maps. From the figure, the extreme values were adjusted in the predicted level. The two
maps had an almost similar pattern, except that most high and most low values were found
in the measured map. In both maps, noise level is highest in the Centre (Old City), to the
northwest and east, which are the most densely populated. While the range of the observed
noise level were 44.62 to 82.45 dB, the expected, which is depicted by the predicted, is 53.21
to 71.32 dB.
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4. Discussion

The mean levels in all locations were above the permissible limit. This finding agrees
with [19], [6] that reported higher noise above the recommended levels in two Nigerian
cities. As expected, that higher population is in congruence with higher noise pollution [37].
Noise is governed by several factors. Among the factors are population [38], land use [39,40],
distance from the road and traffic volume [41], and presence or absence of planning in
the area [42].

Population is the most important factor explaining sound level. The next most con-
tributing factors are traffic volume, distance from road, and land use with lowest p-value
equal to 0.179 0.032, and 0.039, respectively. The least contributing factor is housing density
with all p-values greater than 0.05. In the evening noise largely come from traffic sources
which is very high, hence road is the most contributory factor. This finding corroborates [43]
which stated that traffic is the most contributing pollution source in urban areas. In the
morning, noise is largely contributed to by land use. The coefficient of determination
ranges 16.3% and 26.8% for the afternoon and morning hours. The finding also reveals
that apart from the factor used there may be other determinants of noise pollution, such as
the ceremonial activities, wedding activity, and types building material, vegetation cover,
culture, and societal values. Hence, there is a need to study noise pollution and noise
explanation from people’s perspectives. Indeed, the study of noise pollution in New York
by [44] noted that explanations of noise pollution using land use and traffic data were found
to be limited and have significant uncertainty, especially in large cities where building is
diverse and natural environments heterogeneous. The uncertainty may even be more in
Kano Metropolis where planning is generally lacking, regulation is poorly enforced, and
land uses are too interwoven and mixed.

The adjusted R2 points to the actual effect of explanatory variables subtracting in-
fluence arising directly from the addition of a new variable even if the variable has no
effect. The standard error of an estimate of 10 indicates the expected difference between
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the observed and predicted noise level as 10 dB (A). While an R2 square is quite small, the
p-value indicates the significant effect of the independent variables (p = 0.000). Indeed, the
coefficient of determination is larger than the 0.13 found by [33] in Western Cape, South
Africa. As explained by [33], noise level is difficult to model with high level accuracy
because of the influence of many factors, some of which are situational and characterized
by high uncertainty. However, [45] found an R2 of 60.1% while modelling traffic noise
in Dhanbad township in the eastern part of India. A study of noise pollution in New
York, [44] also reported a significant effect of the explanatory variables on noise pollution
using land use and traffic data; however, they noted limited and significant uncertainty,
especially in large cities where building is diverse and natural environments heterogeneous.
The uncertainty may even be higher in the Kano Metropolis where planning is generally
lacking, regulations are poorly enforced, and land uses are interwoven and mixed. The
study also indicates inequality in the noise level at a city level, with noise being higher in
more informal area were residents are poor [46].

The residuals and other model parameters for samples’ location gave more information
about the model. From the appendix, 73% of the residuals are below 5, indicating the
closeness between observed and predicted values. Only 9% of the residual are up to 10dB,
and most of these were observed in commercial and high-density residential areas where
factors that can easily lead to wide variation in noise level exist. Moreover, the nature of
noise being highly situational led to a wide gap in its prediction.

This is attributed to other factors that may influence noise which the regression
equation model has not captured. The normality plots in Figure 2a,b reveal more similarity
between observed and predicted noise in the areas with R2 of 0.99 and 0.98, respectively. In
the observed areas there are more values above the regression line than in the prediction,
which may be attributed to the modelling effect which always simplifies a complex relation.
Because the model is an abstraction of reality, it tends to simplify a situation compared
with reality.

5. Conclusions

Noise is generally higher in informal urban settings where land uses are not well
segregated and noise legislation is weakly enforced. The study demonstrates that it is
possible to develop a model to predict noise in such a setting; the model’s power is, however,
quite low due to the nature and uncertainty of noise generating factors. The most significant
factors for the prediction of noise pollution are population, traffic volume, distances from
road, and land use. The other variables that influence noise were not considered by this
study because they are not accessible, such as events and ceremonies, which make noise
prediction highly uncertain. To address the noise problem, therefore, this study found
urban planning imperative. Urban planning is a panacea to many environmental problems
such as noise pollution. Noise is generally high in informal settings, as observed by this
study. The government should provide more and improve access to formal lands in urban
areas. The proliferation and sprawl of informal areas should be checked. Sound is part
of the livability of an urban center; city administration should pay attention to provision
of open and recreational sites to improve the city’s soundscape. Preliminary guidelines
supporting the reduction in noise in the urban space should be developed and enforced by
the city administrators.
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