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PREFACE

The Centre for Atmospheric Research was established in January 2013 with a compelling mission
to improve our understanding of the behaviour of the entire spectrum of the Earth’s atmosphere;
promote capacity development in relevant atmospheric sciences as a way of facilitating
international competitiveness in research being conducted by atmospheric scientists; and
disseminate atmospheric data/products to users towards socio-economic development of the
Nation. CAR’s extant core research focus includes: space weather, tropospheric studies,
atmospheric research software and instrumentation development, microgravity and human space
technology, and atmospheric chemistry and environmental research.

Pursuant to the above, The Monograph of Atmospheric Research published by the Centre for
Atmospheric Research (CAR), is a collection of peer-reviewed manuscripts in Atmospheric
Sciences and closely related fields. This maiden edition comprises articles presented during two
separate workshops; 1" National Workshop on Microgravity and Environmental Research (26 -
29 November, 2017) and I*" National Workshop on Air Quality (13 - 16 March, 2018). Such
workshops are integral part of CAR’s capacity building program and they were primarily aimed at
advancing the course of atmospheric research in Nigeria towards sustainable development. The
Microgravity workshop was geared towards introducing new research opportunities in space life
science by simulating microgravity conditions here at the earth's surface as a means of
investigation space biological environment. The Air Quality workshop was organized in
collaboration with Ministry of Environment and Nigerian Meteorological Agency (NIMET). The
workshop analysed current Air Quality scenario in Nigeria, explored new opportunities for
collaborative research and offered novel means of improving the present quality of life of the
populace without jeopardizing the chance of the future generation. Cumulatively 196 participants
participated in these two workshops and about 52 articles were eventually submitted for
publication consideration in this monograph. The twenty-one articles in this very monograph are
the articles that eventually made it through the rigorous peer-review process. We remain grateful
to the reviewers for doing thorough work on the articles.

Thus, we are very pleased to present the 2018 Monograph of Atmospheric Research which contains
twenty-one articles, including some review papers, to readers in all spheres of interest across
Nigeria and beyond. It is our hope that this effort will continue and will serve as a reference to
atmospheric researchers in Nigeria.

Prof. A. B. Rabiu and Dr. O. E. Abiye,
Editors
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ABSTRACT

This study investigated the potential effect of hot-buoyant air pollution plume emitted from a volume source configuration on atmospheric
stability around a scrap-iron recycling factory. High resolution (10 sec, averaged over 10 min) in-situ measurements of surface
meteorological parameters were used to estimate atmospheric stabilities over a period of six months covering both dry and wet seasons.
Normally, atmospheric stability stratification is known to be driven primarily by solar heating of the ground’s surface, especially in a
low wind regime characterizing our study location (mean wind mostly below 2 ms™). That is, the diurnal variation of the solar heating
modulates the transitions between frequently encountered daylight unstable and nighttime stable atmospheric conditions. But, our results
revealed Unusual Nocturnal Increases in ambient air Temperature Profile (UNIT-P) up to 2 °C (mostly prior to and after midnight) coupled
with inconsistent but strong reversals in atmospheric stability at a location near the industrial source. Approximate time intervals between
the start and dissipation of the UNIT-P’s were found to be 4 hours with well-defined diurnal-likes cycle on some days. Signals of other
meteorological parameters measured within UNIT-P and non-UNIT-P (calm) periods indicated varied degree of responses to the pollution
induced temperature forcing with relative humidity being the fastest. On the average, fluctuations between 15 - 35 W/n?, 22- 33 W/m? and
~ 15% were induced on net radiation flux, soil heat flux and relative humidity respectively for a 1°C increase in ambient air temperature.
The occurrences of UNIT-P’s coupled with reduced wind speed and prevalence of atmospheric stability G (up to 42%) during daylight
clear sky condition were linked to characteristic releases of hot-buoyant air pollution plume from the industry. Enhanced build-up of
pollution plume and likelihood of nocturnal thermal inconvenience in home micro-environment for near-source residents were implied
from these findings.
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INTRODUCTION

Air pollution problem is a growing concern globally (Kara et
al., 2013; Pandey et al., 2013; Zhou et al., 2014; Knippert et
al., 2015; WHO, 2014) and foremost environmental challenge
in developing countries of Africa (Assamoi and Liousse,
2010; Knippertz et al., 2015) partly due to their rapid rate of
urbanization and industrialization which outpaces the urban
infrastructural planning process (Adon et al., 2016; Knippert
et al., 2015; Liousse et al., 2014, Evans, 2015). Urbanization
and industrialization are however an unavoidable process in
the world. According to the United Nations, more than 90%
of urbanization is taking place in the developing countries
(UN-Habitat, 2006). The urban populations in the developing
countries will reach 2 billion in the next 20 years, increasing
about 70 million per year. The population in the urban areas of
Africa is estimated to have doubled at that time. By 2030, 80%
of the total world’s urban population will be living in developing
countries. It is estimated that 57% of the population will be

living in the cities in 2050 compared to 20% in 1990, putting
more pressure on the atmospheric environment (WHO, 2014).
In line with the projections above, Nigeria is experiencing an
upward surge in human population (United Nations, 2017 )
and consequently an increase in the numbers of medium-scale
industrial establishment over the past few years. Mostly located
in semi-urban areas (for beneficial fiscal factors), these emerging
industries have over time transitioned the erstwhile background
atmospheric condition of their host communities into similar
scenarios in a mixed-source polluted urban atmosphere. It is
therefore in no sense a rude awakening given a recent report
that Nigeria accounts for the highest premature death due
to air pollution in Africa (Roy, 2016). A typical example and

fast growing among these industries are scrap-metal recycling
factories; huge availability of its feedstock material (i.e. scraps)
being a major driver. In the recycling process, charging and
melting of the scrap metals in an electric arc furnace (EAF)
could vary between an operational temperature of 1500 K to
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well above 1600 K (Qhimain, 2013 ) depending on the mix
characteristics. The entire recycling processes, from melting
to refining, are accompanied with substantial release of air
pollutants. As such, air pollution plume emitted from these
induswies are often released into the aunospheric enviromment
with some inital buoyancy which depends largely on the
extent of thenmal input along the producdon line. While the
atmosphere is highly efficient in dispersing and diluting such
air pollution plumes, near-source and near-surface atmospheric
characteristics may be susceptible to transient but significant
changes. On a diumal to sub-diurnal timescales, transitions from
one category of atmospheric stability to another could trigger
sudden rise or fall in the range of threshold concentrations
values of air pollutants than varying the source emission
strength (Chambers eral., 2015; Grundstrom, 2015; Williams
eral., 2016; Wang et al., 20106). This is because the degree of
atmospheric stability or instability, & the case may be, is a
function of superimposed thermal and mechanical twrbulence
in the amospheric boundary layer (ABL). By i nature, the
ABL iz mostly twbulent due to the earth’ frictional drag on
the motion of air mass and daylight convective heating near
the ground surface (Arye, 1999 ). The release and disperzion
of air pollutants taking place within the ABL plays crucial
role in modifying safe background aunoszpheric conditions.
A clue on near surface atmospheric stability is thwe helpful in
understanding the probable scenarioz of air pollution episodes
that may play out at a partcular locadon. In practice, most air
pollution dispersion models (the widely used Gaussian models
for example) employed for predicting downwind pollutant
concentrations uses atmosph eric stability as a defining par ameter
for determining appropriate algorithm in dispersion calculations
(Maohan and Sadiqui., 1998). As such, atmospheric stability is
a key parameter for consideration when meteorological forcing
are reviewed regarding air pollution management strategies
(Yashie and Hu, 2013). The cbjective of this study is thus aimed
at investigating possible effect of characteristic hot-buoyant
emissions on aunospheric stability in a semi-roral comurmnity
hosting an isolated but typical scrap-iron recycling factory in
Nigeria

MATERIALS AND METHODS

The Study Area

Thestdysite (7° 29N, 4°28°E, 262 ma.e.1) iz located at Fashina,
Ile-Ke, a rural setdement in Ife-C'entral Local Government Area
(LGA), Osun State, southwestern Nigeria (Figwre 1). Located
off a high-uaffic Ke-Ibadan expressway, Fashina i an agrarian
commun ity surviving on subeistence farming , animal husbandry
and cottage industry like palm oil and cassava processing. The
Obafemi Awolowo University Campus is about 7 km (as the
crow flies) in the NE direction from the industry. The serap-iron
recycling factory is sited across the expressway, southwest of
the study area is a private amelter facility established in 2011
and it is the only industrial activity within a radins of 20 km.
It is sitwated on a terrain at about 256 m a.sl. Details of the
location and prevailing climate has been presented elsewhere
(Abive eral., 2017).

“000m 2000m. 3000
Legend

[ Serap-iron Smelting Factory  {IMeteorcicg ical Station
Jf Communiy Fronary Sch BoAUDam A~ Roac
4 Bullding Dwslings

B Cducuua Urivarsity

Figure 1: Map showin g study location in Ile-Ife, Southwestem
Nigeria (source: Abiye et al., 2017)

Data Source

Near-surface meteorological parameters measured at a near-
source location about 200 m from the scrap-iron recycling
industry were obtained from a previous filed experiment
conducted by Adive er al., (2017). The datasets inchude ambient
air temperatore and relative humidity measwed at 1 mand 5 m
with a HMP45 sensor. Net radiation flux (at 1.5 m), =oil heat
flux and soil temperature (both at 5 cmbelow swface) measured
with N R-LITE net radiometer, HFPO1 heatflux plate and T108
goil temperature probe respectvely. Details of the sensor
gpecifications, mast configuration and data archiving has been
given in Abiye eral., (2017 ). High regolution (10 sec, averaged
over 10 min) diumnal variations of the measured parameters
and estimated static aumospheric stabilities over a period of six

months were analyzed.

Atmospheric Stability Estimates

For the atmospheric stability conditions, a more general
classification known as Pasquil-Gifford-Turner (PGT) scheme
proposed by Pasquill (1961) and later modifiedby Gifford (1961}
and Twrner (1970 was adopted in this study. The PGT wrbulent
stability typing includes classes A, B, C, D, E and F denoting
extremely unstable, moderately unstable, slightly unstable,
neutral, moderately stable and exwemely stable conditions
regpectively  (Beychok, 2003) . Meteorological conditions
defining PGT stability schemes have been given severally
(Mohan and Sadiqui, 1998; Yoshie and Hw, 2013, Edokpa
and Nwagbara, 2017). Air temperature lapse rate [ [y ) were
estimated following the simple logarithmic finite approximation
method of Arva (2001 :

8T 1 AT
[a= = —n o (1)
¢ T m (Z?/fa)

Where the geometric mean height 2, = /2 X 2, and is the
change in ambient air temperature between two levels [z, = 1.0
mand z, = 2.0m). To compute the dynamic atrnospheric stability
index (ie standard deviations of horizontal wind direction
fluctuation, ), an in-built function in Campbell Scientific CR1000
datalogper was executed. The Limits of the obtained lapse and
were associated with P-G-T stability scheme (Table 1) following

(I'2)
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Sedefian and Bennett (1980) as cited in Mohan and Sadiqui
(1998). R-based openair pollution analysis tool (Carsiaw and
Ropkins, 2012; Carsiaw, 201 4) was vsed to investigate polar
distribution of daylight and nighttime at the location.

RESULTS AND DISCUSSIONS

Qccurrences af atmospheric stability classes

Diurnal variations of aunospheric stability from September 2012
to April 2013 at nearsource locadon of the scrap-iron recycling
industry are presented in Figure 2 (10 sec intervale) and Figure 3
(1hr (circles) and monthly (solid lines) averages). On a monthly

basis, the nearewface aunospheric stability in September (Fig
3a) depicts mostly an extremely unstable condition at all hours

of day with a diwrnal range of 0.466 <C. < -0.089. In October,
stabilities D (8%, E (4%), F (46%)and G (42%) were estimated

to occur and bounded within the limits -0.057 < C, = 0.840.
For both night and day, the atmospheric stability in November
(0.0143 <= C, = -0.0761) was bounded between two classes;
moderately and extremely stable conditions contributing 79%
and 21% respectively.

The stability characteristics in December (Fig 3d) with values

Table 1: Limits of associated with P-G-T and stability classes (scaled-down from Sedefian and Bennett, 1980)

0005 = Ty < 0.015

37 <0,=7H

P-G-T [ g (C/m) Atmospheric

stability o
stability O I
classes condition
A Mg <—0.019 Extremely unstable 225 < 0,
B =0.019 = [y <—0017 Moderately unstable 175 < 6, < 225
C —0.017 < Tq <- 0015 Slightly unstable 125 < g, < 175
D —0015 < ['g < 0.005  Neutral 75 < g, < 125
E Moderately stable
F

0.015 = I'a < 0.04

®
G Fa > 0.04

Extremely unstable
2.0 < g, < 3.75

gs < 2.0

*Pasquill said thatin light winds on clear nights the verfical spread may be less than for category F but

excluded such cases because the surface plume is unlikely to have any definable travel. However, they

are important from the point of view of the build-up aof pollution and category G (nighttime, <1 okra of

cloud, wind speed < 0.5 m$) was included.

ranging between -0.0475 < ¢, = 0.165 were similar to those
obtained in October (Fig 3b) except for the prevalence of
moderately stable conditions (class E) which conuibutes 58%
and less of class G (8%) stability. March recorded a stability
range of 0.0 < ¢, < -0.0111, differing from April (-0.061
= G, = 0.0285) only in the frequency of stable conditions.
The highest occurrence of neuntral atmospheric condition (29% )
was in April followed by 17% in March, 13% in November and
8% in each of the remaining months. The months of October,
Novenber and December (OND) were observed to have
predominantly daylight stable stabilides (a sitadon that is
rather unusual, see blue plots in Figure 2). On a normal day,
incoming solar radiation (short-wavelength) are generally
opagque to the aunosphere thus reaching directly to the ground
surface. The ground rapidly absorbe the solar thermal input
and transfers some of it to the surface air laver. The surface air
Warms up in response, expands, becomes less dense and then
rises (Vaucher and Raby, 2015 ). In the process, cooler and
denser air from above is drafted downwards. The cooler air,

w
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Figure 2: Diurnal variations (instantaneous values at 10 secs
interval) of static atmeospheric stability at near-source location of

the sarap-iron recycling industry
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Figure 3: Hourly (black circles) and monthly mean (solid

line) variations of static atmospheric stability at near-

source location of the scrap-iron recycling industry

in twm, becomes heated by the ground surface and begins to
rize. This process leads to random dynamic aunospheric motion
which enhances vertical motion and considerable aunospheric
mixing in both directions i.¢. updraft and downdraft. Hence the
atmosphere is unstable and twbulent, being driven by thermal
buoyancy of the daylight air mass (Harrison, 2006; Lanigan

eral., 2016). Az such, unstable conditions are most comumonly

developed on sunny days when strong solar radiatdon is present
and the temperatre profile in near-swface layer is consequence
of the radiative balance and the convective trangport of energy
fromthe surface to the atmosphere [Liow, 2002). While daylight
stable atmospheric condition i not unusual, the consistent
observed trends in OND were strong indications of a persistent
atmospheric situation forcing the lapse rate to remain positive
and thus making the atmosphere stable.

Unusuwal nocturnel increase in wir temperature profile
(UNIT-P)

Time-series investigation of air temperature values revealed
the occurrence of Ifmusual Nocturnal Increases in ambient
air Femperatare Profile (UNIT-P) up to 2 °C within the OND
periods (see Figures 4 and 5). This unusueal increase was sensed
sinwltaneously at the two measurement levels (1 m and 5
m). The UNIT-P was found to occur mostdy prior to and after
midnight coupled with inconsistent but strong reversals in
atmospheric stability conditions. The Well-defined and divrnal-
likecycle of UNIT-P (Figure 4, which mimics the diumal effects
of zolar heating on the

surface in a nighttime atmosphere completely contradicts the
phyzsical laws of surface energy balance at midnight when
air temperature is expected to drop continuously until about
sunrise the following day. Interestingly, night time valies of
lapse rates obtained during hot-buoyant plume releases were

mostly within unstable atmosphere categories in the range of

glightly unstable and neutral stability conditions. In the absence
of strong surface wind which may arise due to disturbed
weather and precipitation, unstable stability condition at night
are quite unusual. This is because nighttime is predominantly
characterized by stable atmospheric condition (Jegede et al.,,

1997; Edokpa and Nwagbara, 2017) due to radiative cooling of
the earth’s surface which malees the underlying air-mass cooler
than thoge above. It was envisaged that at night, particularly
after midnight, the hot buoyant plume is emitted into a highly
humid (mosdy abowve 85 % in moisture content) atmosphere.
The sharp temperatore gradient between the humid amibient air-
maes and the incoming dry and hot-buoyant plume allows for
quick absorption of moisture by the latter thus becoming denser
and subsequently drafted downwards. Meanwhile, radiative
cooling occurring at night serves a a net thermal input for air-
masges just below the plame centerline. Thiz dynamics promotes

g: ﬁ'flj{\ ”MM ﬁpu /L ’\JJM
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small mixing which results in a slightly unstable atmosphere
and can be attributed to the range of static stability values
obtained at night in OND. During daytime, the effect of the hot-
buoyant plume was superimposed on the incoming insolation
from the sun. Although superimposed on incoming insolation,
the persistence and dominance of daytime stable atmospheric
condition in OND (Figure 3b-d) fingerprints the presence of an
overriding thermal input into the atmospheric condition at the
location. This is because contrary to the previous discussion on
expected diurnal trend of atmospheric stability, the continuous
injection of hot-buoyant air pollution plume from the industry
into the background atmospheric condition was inducing a
significant thermal change. In this scenario, the air pollution
plume is released with huge thermal buoyancy from an electric
arc furnace maintained at a temperature not less than 1650 °C.
As the plume disperses from the source in the direction of mean
wind, it is temporarily subjected to the existing turbulence in
the ambient environment. Over a short distance and time, the
surface becomes well mixed with the hot plume through updraft
and downdraft of air masses. As this occurs, existing positive
temperature gradient of the surface air mass begins to collapse.
‘With time, the air mass above becomes much warmer than those
below as a result of the continuous thermal energy input from
the hot-buoyant plume arriving at the location. Within short
distances from the source, the plume is still sufficiently buoyant
to override the effect of atmospheric instability which is driven
by the maximum possible insolation that may be received under
a clear sky condition on a sunny day. This explains the daylight
stability conditions observed in OND which are a combination

of wet-to-dry transition and dry months.

Effects of the UNIT-P

With reference to the UNIT-P’s (Figures 3 & 4), responses of
other meteorological parameters to nocturnal releases of hot-
buoyant plumes from the industry are presented in Figure 6. We
examined predominant periods of continuous releases between
sunset (18:00 GMT+1) and sunrise (06:00 GMT+1). Although
generally true, sunset and sunrise as defined in this study are for
the purposes of time interval rather than actual setting or rising
of the sun at the industry location. During calm periods i.e.
no plume release, air temperature decrease continuously from
about 27 °C at sunset to about 23 °C before sunrise. Relative
humidity increases correspondingly from 80% to 98% in the
same period. The diurnal cycles of air temperature and relative
humidity were altered shortly (~ lhr) after sunset as indicated
by the sudden reversals in further decrease and increase of air
temperature and relative humidity respectively. The maximum
variance between the two levels of air temperature measurement
was barely 0.8 °C on UNIT-P days as against 3.0 °C on calm
days. These values indicated a forcing of net thermal input into
the atmospheric air mass on UNIT-P days. Within the same
period, relative humidity ranges between a minimum of 75%
and maximum of 92% as against 80% and 98% respectively
on calm days. In essence, a thermal discomfort associated with
15% dryness in air moisture may be experienced at near source
environment. Also, the two trough-crest trends shown by the air
temperature (see Figure 5, UNIT-P1 ) is a clear footprint of the

forcing of two different batch cycles of scrap-metal processing
in the industry. Interestingly, the time span of each UNIT-P (~ 4
hrs) corresponds to the estimated average batch cycle duration
previously reported by Abiye et al., (2016) i.e. time taken from
charging scrap-metals into the electric-arc furnace to the time
when molten metals are cast into molds in the foundry. During
the UNIT-P’s, an increase in air temperature of about 1 °C
induces an upward change of 15 — 35 W/m? in net radiation flux.
Although the study location is predominantly a southwesterly
low wind regime, calm days have slightly higher wind speeds
compared to hot plume release periods. This is because the
increased stability of the surface air-mass due to hot plume
above hinders the turbulent mixing of air masses which brings
down stronger wind at higher level more than on calm days.
Soil temperature and air temperature fall steadily from about
31 °C and 27 °C at sunset to a minimum of 25 °C and 23 °C
respectively around half-hour before midnight. Thereafter, both
maintain fairly steady values till about sunrise. The maximum
variance between the two falls from 5 °C during UNIT-P periods
to 3 °C on calm days while soil heat flux minimum-maximum
amplitude was 38 W/m? and 45 W/m? respectively, indicating
more retention of heat in the soil on UNIT-P periods.

Dynamic stability

Key insight revealed by the diurnal investigation of dynamic
stability index in Figure 7 is the tendency for high values of at
nighttime. The extremely enhanced unstable ranges of (50° —
90°) are more prominent within a narrow wind direction sector
(< 20 degrees) and wind speeds below 3 ms'. This clearly
indicates that the instabilities recorded at nighttime were not
driven by occurrences of strong winds at the location. For
extreme near-calm conditions, Van der Hoven (1976 ) have
shown that high values of at nighttime with light wind (0.2 <
u < 1.9 m s') are probably caused by wind direction meander
induced by minor atmospheric perturbations. Hanna (1981)
linked the perturbations to terrain-induced mesoscale eddies at a
site in Geysers for stable nighttime conditions. At the site used
in this study, the obvious condition that could be linked to the
atmospheric perturbation at nighttime is the dynamics induced
by the continuous released of hot buoyant air pollution plume
from the industry. The site is located in a flat terrain free from
the shear of roughness elements which could have been another

source of perturbation arising from wind flow.

CONCLUSION

Unusual nocturnal increases (up to 2 °C) in ambient air
temperature, persistent daylight stable conditions (extremely
stable), and nighttime atmospheric instabilities during periods of
weak mechanical turbulence (wind shear mostly < 2 ms™!) were
found to occur at a near industrial-source location. Timescales
of the unusual nocturnal increases in ambient air temperature
corresponds with predetermined average batch-cycle duration of
recycling process at the site and are prolonged during intensive
activity periods. Although responses of relative humidity at the
two heights were more consistent than net radiation and soil heat
fluxes in tracking the nocturnal increases in temperature, the
signals of all parameters showed some alterations in their diurnal

trends. The findings in this work suggest a mix of potentially
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unfavorable air pollution scenarios for nearsource locations
coupled with possibilities of induced thermal discomfort for
near-surface residents due to the hot-buoyant plumes.

Acknowledgement

Anthors acknowledge the support in terms of meteorological
gensors and human resources provided by the Aunospheric
Physics Research Group (APRG), Deparunent of Physics and
Engineering Physics, Obafemi Awolowo TUniversity, Ile-Ife
during the on-site measurements.

REFERENCES

Abiye, O. E., Sunmom, L. A., Ayoola, M. A., Ajao, A. L.,
Alkinola, O. E., and Babatunde, O. A (2017) Near
surface meteorological measurements in the vicinity of a
scrap-iron recycling factory in southwest Nigeria. FUW
Trends in Science and Technolagy Journal, 2(1B), 384 —
390

Abiye, O.E., Sunmom, L.A., Ajao, AT, Akinola, O.E., Ayoola,
M.A. and Jegede O.0. (2016) Atmospheric dispersion
modeling of uncontolled gaseous pollutants (SO2 and
NOX) emission from a scrap-iron recycling factory in Ile-
Ife, Southwest Nigeria, Cogent Environmental Science
(2016), 2: 1275413

Adon, M., Yobou, V., Galy-Lacaux, C, Liousse, C., Diop,B.,
Doumbia, E.T., Gardrat, E., Ndiaye, S.A. and Jarnot,
C.(2016) Mexuwements of NO2, SO2, NH3, HNO3 and
03 in West African urban environments. Aunospheric
Environment. 135 (2016) 31-40

Arya, S. P. (2001 ). Introduction to Micrometeorology. Academic
Press. San Diego, Califonia, USA. 420 pp.

Arya S.P (1999). Air Pollution Meteorology and Dispersion:
Oxford University Press, New

Assamoi, E. M. and Liousse, C. (2010) A new inventory for
two-wheel vehicle emissions in West Africa for 2002
Awmospheric Environment, 44, 3985-3996

Beychdlk, M. R (20053). Fundamentals of Stack Gas Dispersion.
Irvine, Newport Beach, CA, USA, Fourth Edition. 201

Carslaw, D.C. (2014). The openair manual — open-source tools
for analyzing air pollution data. Manual for version 1.0,
King’s College London.

Carslaw, D.C. and K. Ropkins (2012). Openair — an R package
for air quality data analysis. Environmental Modelling &
Software. Volume 27-28, 52-61.

Chambers, S.D., Wang, F., Williane, AG., Deng, X., Zhang,
H., Lonati, G., Crawford, J., Grifi{lths, A.D., Ianniello,
AL Allegrini, I, (2015) Quantifying the influences of
atmospheric stability on air polltion in Lanzhou, China,
using a radon-based stability monitor. Atmos. Environ.
107, 233e243

Edokpa, D. O. and Nwagbara, M. O. (2017) Atmogpheric
stability pattern over Port-Harcowrt, Nigeria Journal of
Atmospheric Pollution. 5(1), 9-17

Evans, M (2015), “We can’t ignore the air pollution crisis in
Africa’s fast-growing megacities”, The Conversation,
hup:/iheconversation.com

Gifford, F. A (1961). Use of routine meteorological observations
for estimating atmospheric dispersion. Nuclear Safery, 2,
47 -51.

Grundstwrom, M., Hak., C., Chen, D., Hallquist, M., Pleijel,
H. (2015) Variation and co-variation of PMI10, particle
number concentration, NOx and NO2 in the urban air
¢ Relationships with wind speed, vertical temperature
gradient and weather type. Awumospheric Environment.
120, pp

Hanna, S. R (1981) Diurnal wvariation of horizontal wind



Monograph of Atmospheric Research 2018

Abiye et al., pp. 1-7

direction fluctuations in complex terrain at geysers, cal.
Boundary-Layer Meteorology 21, 207-213.

Harrison, R. M. (2006) An Introduction to Pollution Science .
The Royal Society of Chemistry

Jegede, O. O., Fasheun, T. A., Adeyefa, Z. D., and Balogun,
A. A. (1997) The effect of atmospheric stability on the
surface-layer characteristics in a low-wind area of tropical
west Africa, Boundary Layer Meteor., 85, 309 — 323.

Kara, E., Ozdilek, H.G., Kara, E.E.,(2013) Ambient air quality
and asthma cases in Nigde, Turkey. Environ. Sci. Pollut.
Res. 20, 4225 -4234

Knippertz, P., Evans, M. J., Field, P. R., Fink, A. H., Liousse, C.
and Marsham, J. H. (2015) The possible role of local air
pollution in climate change in West Africa.

Lanigan, D., Stout, J. and Anderson, W. (2016) Atmospheric
stability and diurnal patterns of aeolian saltation on the
Llano Estacado. Aeolian Research 21 (2016) 131-137

Liou., K. N. (2002). An Introduction to Atmospheric Radiation.
2nd Edition, Academic Press, London, 584 pp.

Liousse, C., Assamoi, E., Criqui, P, Granier,
C., Rosset, R., (2014). African combustion
emission explosive growth from 2005 - 2030. Environ.
Res. Lett. 9, 035003

Mohan, M. and Sadiqqui, T. A. (1998) Analysis of various
schemes for the estimation of atmospheric stability
classification. Atmos. Environ, Vol. 32 (21), 3775 — 3781

Nigeria.” Journal of Atmospheric Pollution, 5(1): 9-17

Ohimain, E. I. (2013) Scrap iron and steel recycling in Nigeria.
Greener Journal of Environment Management and Public
Safety. 2, 1-9

Pandey, P, Patel, D.K., Khan, A.H., Barman, S.C., Murthy,
R.C., Kisku, G.C. (2013) Temporal distribution of fine
particulates (PM2.5, PM10), potentially toxic metals,
PAHs and Metal-bound carcinogenic risk in the population
of Lucknow City, India. J. Environ. Sci. Health A Tox.
Hazard. Subst. Environ. Eng. 48, 730-745.

Pasquill, F. (1961). Estimation of the dispersion of windborne
material. Meteorol. Mag., 90, 33 - 49.

Roy, R. (2016), “The cost of air pollution in Africa”, OECD
Development Centre Working Papers, No. 333, OECD
Publishing, Paris http://dx.doi.org/10.1787/18151949

Sedefian, L. and Bennet, E. (1980) A comparison of turbulence
classification schemes, Atmospheric Environment 14,
741—750

Turner, D. B. (1970). Workbook of Atmospheric Dispersion
Estimates. Office of Air Programs Pub. No. AP-26, U.S.
Environmental Protection Agency, Research Triangle
Park, North Carolina, USA

UN-Habitat (2006) The State of the World Cities Report
2006/2007.  United Nations Human Settlements
Programme.

United Nations (2017) Department of Economic and Social
Affairs, Population Division World Population Prospects:
The 2017 Revision, Key Findings and Advance Tables.
Working Paper No. ESA/P/WP/248.

Van der Hoven, 1., 1976, ‘A Survey of Field Measurements of
Atmospheric Diffusion under Low-Wind-Speed Inversion
Conditions’. Nuclear Safety 17, 223-230.

Vaucher, G. T, and Raby, J. (2013) Forecasting atmospheric
stability transitions over a high-elevation desert in the
southwestern United States. J. Operational Meteor., 1 (9),
93-99

Wang, F., Chambers, S.D., Zhang, Z.,. Williams, A. G., Deng,
X., Zhang, H., Lonati, G., Crawford, J., Griffiths, A. D.,
Tanniello, A. and Allegrini, I. (2016) Quantifying stability
influences on air pollution in Lanzhou, China, using a
radon-based “stability monitor”: Seasonality and extreme
events. Atmospheric Environment. 145, 376 — 391

WHO (2014), “7 million premature deaths annually linked to
air pollution”, Media Centre News release; World Health
Organization, Geneva, www.who.int/mediacentre/news/
releases/2014/airpollution/en/.

Williams, A.G., Chambers, S.D., Conen, F., Reimann, S., Hill,
M., Griffiths, A.D., Crawford, J., (2016) Radon as a tracer
of atmospheric influences on traffic-related air pollution
in a small inland city. Tellus B 68, 30967. http://dx.doi.
org/10.3402/ tellusb.v68.30967 York. 563 pp

Yoshie, R. and Hu, T (2013) Effect of atmospheric stability on
urban pollutant concentration. In: Procedure of the Eighth
Asia-Pacific Conference on Wind Engineering, December
10-14, 2013, Chennai, India. (APCWE-VIII), 1012 -1019

Zhou, Y., Cheng, S., Chen, D., Lang, J., Zhao,B. and Wei, W.
(2014) A new statistical approach for establishing high-
resolution emission inventory of primary gaseous air
pollutants Atmospheric Environment 94,392-401



Centre for Atmospheric Research
National Space Research and Development Agency
Federal Ministry of Science & Technology

. Y2 la

Our Mandates MONOGRAPH OF

The Center for Atmospheric Research, CAR, is a ::,::,V
research and development center of NASRDA A
committed to research and capacity building in the
atmospheric and related sciences. CAR shall be
dedicated to understanding the atmosphere—the air
around us—and the interconnected processes that
make up the Earth system, from the ocean floor
through the ionosphere to the Sun's core. The Center
for Atmospheric Research provides research
facilities, and services for the atmospheric and Earth
sciences community.

Edited by A.B. Rabiu and O. E. Abiye

ContactAddress

Centre for Atmospheric Research,

National Space Research and Development Agency,
Federal Ministry of Science and Technology

Kogi State University Campus, Anyigba,

Kogi State - Nigeria.

Telephone: +234 8105793836

B o ISBN 978-978-972-859-6
Email: info@carnasrda.com

Web: www.carnasrda.com




