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Abstract

Understanding the spatial distribution of temperature, especially the rela-
tionship between temperature and altitude, is essential for understanding both
climatological and hydrological processes and their variabilities. This is be-
cause those processes are sensitive to air temperature, especially in sub humid
tropical regions, where air temperature influences the movements of pollu-
tants and controls exchanges of energy and water fluxes between land and
atmosphere particularly within the lower troposphere. This study examined
the trend of lower tropospheric lapse rate in the coastal area of Port Harcourt,
Nigeria. Six years’ data (2010-2015) for temperature between 1000 mbar and
850 mbar pressure levels was retrieved from era-interim re-analysis platform
for the analysis. The data was acquired at 6-hourly synoptic hours: 0000H,
0600H, 1200H and 1800H at 0.125° grid resolution. Findings from the com-
puted environmental lapse rate (ELR) show that conditional instability with
an annual lapse rate of 5.5°C/km persists at the area from January to Decem-
ber. It was revealed that the months of December and January constituted the
highest ELR trends of 6.5°C/km and 5.9°C/km respectively. This indicates that
the month of December assumes a normal tropospheric lapse rate trend. The
average range of lapse rate trend in the area which is close to the moist adia-
batic lapse rate (MALR) of 5.0°C/km than the dry adiabatic lapse rate (DALR)
shows that the study atmospheric environment is rich in water vapour. The
6-hourly synoptic analysis of the ELR pattern shows that lapse rate range be-
tween 1°C/km - 6.4°C/km and 6.5°C/km - 10°C/km dominates throughout
the year at 0000 - 0600 Hrs and 1200 - 1800 Hrs respectively. This demon-
strates a higher and lower lapse rate trend during the day and night periods
respectively. Relating study findings to the potential of air to disperse emis-
sions in the area suggests that air emissions will be conveyed through far and
near distances across the boundary layers due to the moderate dispersive po-
tential of air regarding the closeness of the average ELR to the MALR. Policies
that will ensure that pollutants are dispersed aloft especially emission stacks

DOI: 10.4236/acs.2018.82010

Feb. 23, 2018 134

Atmospheric and Climate Sciences


http://www.scirp.org/journal/acs
https://doi.org/10.4236/acs.2018.82010
http://www.scirp.org
https://doi.org/10.4236/acs.2018.82010
http://creativecommons.org/licenses/by/4.0/

V. E. Weli, D. O. Edokpa

above 50 m is advocated in the city of Port Harcourt.
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1. Introduction

The weather and climate form within the lower atmosphere is determined by the
state of vertical motion [1]. The term “lapse rate” highlights this state of the at-
mosphere and how it relates to other atmospheric variables. It has been noted by
[2] that one of the vital enhancing forces of atmospheric stability is its associa-
tion of temperature with height. The extent of variation in surface temperature
with altitude is referred to as temperature lapse rate. Several studies had revealed
that temperature drops with heights and that temperature lapse rate is one of the
regulating factors controlling the structure of any planetary atmosphere [3] [4].
An understanding of lapse rates is crucial in micro scale air pollution dispersion
investigation, as well as urban noise pollution modeling, forest fire-fighting and
certain aviation applications. Lapse rate which strongly depends on the deviation
of altitudinal temperature can either be positive or negative and regulates the
nature of heat flux exchanges within the atmospheric boundary layer (ABL).
Lapse rate is positive or negative when temperature decreases or increases with
height. The ABL which begins from the surface layer up to 1 - 2 km creates the
convective events that stimulate the circulations within the entire troposphere.
The boundary layer spreads past 1 km during the day and contracts to below 400
m during periods of the down [5]. This change of height relative to time of day is
based on the degree of mixing subject to the lapse rate pattern at any given time
[6] [7] [8] [9] [4]. This has serious implications for pollutants mixing.

Pollution in the atmospheric medium travels the farthest and industrial emis-
sions are one of the most important sources of air pollution in Port Harcourt.
The implications of the location and pattern of industries for pollution are
many. The dominant air mass over Port Harcourt is the South West Trade
Wind. Detailed wind flow characteristics over the city include periodic doses of
emission from the major industrial locations around the city [10] [11]. The in-
cidence of land breeze, as well as, the Harmattan factor actually transfers emis-
sions into the city [12].

There are two types of lapse rate: environmental or normal lapse rate (ELR)
and adiabatic lapse rate. The former is the nature of ambient temperature pat-
tern with increase in height while the latter is relating the notion of an ideal gas
situation as a base to compare with the normal lapse rate. It was specified [13]
that the ELR is the actual change of temperature reduction with height for a
static atmosphere at a given period and place within the lower atmosphere. The
dry adiabatic and moist adiabatic lapse rates (DALR and MALR) are the types of
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adiabatic lapse rate for an ideal gas situation at any given atmospheric condition
and the typical convectional rates are 9.8°C/km [14] and 5.0°C/km [15] respec-
tively. The universal atmospheric standard for a normal lapse rate is 6.5°C/km
[8]. This lapse rate value varies from place to place on the earth surface depend-
ing on the air characteristics of any environment. It was also indicated [8] that
the ELR is wholly applicable to maximum temperature as it unsatisfactorily
overestimates minimum temperature and mean temperature lapse rates. The
lapse rate pattern for any locality makes the local atmospheric stability either
unstable, neutral or stable (inversion). The basis for this stability condition is the
comparison of the environmental lapse rate to the adiabatic lapse rates. It is very
important to note that the effectiveness of pollutants dispersion and concentra-
tions at any given time depends on the category of lapse rate prevalent at any
place or location. When the ELR is greater than both the MALR and DALR, un-
stable atmospheric condition exists which enhances pollutants dispersion. How-
ever, when the ELR is lesser than both MALR and DALR, stable atmospheric
condition exists which ensures the stagnation of pollutants dispersion. When the
ELR is greater than the MALR but lesser than the DALR, conditional instability
exists. In this case, the atmosphere is stable and unstable during unsaturated and

saturated periods respectively.

2. Study Area

Port Harcourt is located in the Niger delta part of Nigeria with boundaries be-
tween Latitudes 4°45'E - 4°0'N and Longitudes 6°55'E - 7°56'E (Figure 1). The
area is located around the coastal region dominated by low setting coastal plains
of sedimentary formations [16]. The area has a tropical humid monsoon climate
influenced by its nearness to the Atlantic Ocean. This influence from the Ocean
exposes the area to the effects of land and sea breeze. Two principal air masses
controls rainfall duration across the area: moist and warm northward moving
tropical maritime air from the Ocean and the dry and warm tropical continental
air from across the Saharan desert. The rainfall periods last from March to No-
vember while the dry periods last from December to February. As a result of the
robust presence of the warm moist south-west wind, the area receives an average
rainfall amount of roughly 2300 mm [17]. The bi-modal rainfall regime observed
in the areas attains its peaks in July and September [18]. The average high and
low temperature values are 32°C and 26°C observed in January and July respec-
tively [19]. The average relative humidity for the area ranges from 66% - 96%
throughout the year [20] with high and low values during the wet and dry sea-
sons respectively. Due to the massive water vapour in the atmosphere as a result
of nearby water bodies, cloud cover pattern in the area is constantly being en-
hanced with monthly average of over 5 oktas. This impact on the mean daily
sunshine duration where less than 4 hours is observed in July and about 4 - 6
hours observed in January and December. Average monthly wind speed ranges

from 0 - 4 m/s with high and low peaks during the day and periods respectively.
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Figure 1. Map showing study area.

3. Data and Methodology

The data for this study was retrieved from the updated Era-Interim Re-analysis
data for six years (2010-2015). The Era-Interim platform is the latest and refined
widespread atmospheric reanalysis data and has been found very useful in the
investigation of the atmospheric circulation system of West African. The use of
the reanalysis data has surpassed projections and articulates progressive assess-
ments about the accomplishments in the analysis of weather data realised within
the last decade. The data was retrieved at 0.125 degree resolution for 6-hourly
interval at 0000, 0600, 1200 and 1800 synoptic hours. Upper air temperature
values at pressure level 850 mbar and 1000 mbar for an approximate surface lev-
el was obtained. Range of lapse rate values from 1°C/km - 6.4°C/km and
6.5°C/km - 10°C/km was used to categorise the closeness of the evaluated ELR
trend to either the MALR of DALR. This was to determine the dry or moist na-
ture of air in the study area.
The environmental lapse rate for the area was determined using the following
equation [21]
T

850mbar

=T,

1000mbar — L * oz (1)
where:
Tsompar = Air temperature at reference height (approximately 1400 m)

Tooomanr = ir temperature at surface level (approximately 10 m)
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I' = environmental lapse rate

0z = the difference in elevation between the two heights.

The relationship between the environmental lapse rate (ELR) and the air par-
cel lapse rates (dry and moist adiabatic lapse rates (DALR & MALR) was used in
this study to determine the major domain of the atmospheric stability conditions
as it relate to the lapse rate pattern of the study area. The following criteria were
adopted for stability classification.

ELR = 6.5°C/km

DALR = 9.8°C/km

SALR = 5.0°C/km
When:
e FELR < SALR < DALR = Stable Atmospheric Conditions
e SALR < DALR < ELR = Unstable Atmospheric Conditions
e SAILR < ELR < DALR = Conditional Instability
e FELR = DALR = Neutral Atmospheric Conditions (Unsaturated Air)
e ELR = SALR = Neutral Atmospheric Conditions (Saturated Air)

MATLAB software was utilised in analysing the mathematical equations and

the frequency of lapse rate distribution.

4. Results and Discussion

Table 1 shows the mean daily ELR lapse rate for Port Harcourt with the corres-
ponding prevalent atmospheric stability conditions. Since the analysed average
ELR for the whole months is greater than the MALR (5.0°C/km) but lesser than
the DALR (9.8°C/km), conditional instability dominates in the study area.

Table 1. Average daily lapse rate trend for the various months.

Analysed Lapse Rate Corresponding Atmospheric
$/No Month Y(’C/k.rfl) gtabilitf Proflle.

1 January -5.9 Conditional Instability
2 February -5.4 Conditional Instability
3 March -5.5 Conditional Instability
4 April -5.6 Conditional Instability
5 May -5.5 Conditional Instability
6 June =52 Conditional Instability
7 July -5.5 Conditional Instability
8 August =55 Conditional Instability
9 September -5.3 Conditional Instability
10 October -5.3 Conditional Instability
11 November -54 Conditional Instability
12 December -6.5 Conditional Instability

Mean 5.5 Conditional Instability
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Conditional instability depends on the moisture distribution in the atmosphere.
Under this condition, an air parcel at the ELR is unstable to both upward and
downward displacement when saturated and stable to lesser vertical displace-
ment when unsaturated.

Analysed results have shown that the average daily lapse rate for the lower
troposphere across the area is positive throughout the months. December and
January constituted the highest daily lapse rate for the periods under study ie.
—6.5°C/km and 5.9°C/km while June, September and October had the least val-
ues Le. —5.2°C/km, 5.3°C/km and 5.3°C/km respectively. The annual average
lapse rate value for the area is 5.5°C/km (Table 1). From result analysis, the av-
erage values for the ELR which tends towards the MALR value of 5.0°C/km in-
dicates that atmospheric air in the study area is moist than dry. This is largely
due to continentality effects as the atmosphere inland is being moderated by the
air from the Ocean. It was admitted [22] that mean temperature profile in the
tropics approximately follow a moist adiabat. It has been acknowledged [23] that
the tropical region is principally characterised by more or less uniform decrease
in temperature with height within the lower tropospheric layer. It was also ar-
gued [24] that surface warming causes an upward shift and decrease in area of
high clouds, and a sharp decline in midlevel clouds, but no systematic trend in
low cloud cover.

Figure 2 and Figure 3 show the frequency distribution of the ELR for the
various synoptic hours. Analysis shows that normal lapse rate occurrence for
range 1°C/km - 6.4°C/km was high throughout the year during the period’s
0000 - 0600 hours. At 1200 - 1800 hours, lapse rate range 6.5°C/km - 10°C/km

was dominant throughout the year with peaks in January, April and December.
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Figure 2. Lapse rate frequency (1°C/km - 6.4°C/km) for study area.
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Figure 3. Lapse Rate Frequency (6.5°C/km - 10°C/km) for Study Area.

However, the low peaks observed between June and October indicates wet pe-
riods when relative humidity is highest in the area. During these periods the air
parcel ELR tends towards the MALR. It has been cited by [25] and [4] has cited
that lapse rate is typically steeper during day period than at night time as well as
during hotter season than in colder periods.

Factors which enhances the moderate lapse rate pattern of the study environ-
ment includes: the dominant moist tropical maritime air mass from across the
Ocean which engulfs the entire study area and moderates high temperature re-
gime over land; the high cloud cover pattern which is averagely 60% and 90%
during the dry and wet season respectively, the less duration of solar radiation as
well as the moist soil surface condition which accumulates surface heat flux and
releases sensible heat flux at a slower pace. These findings corroborate the works
of [4] [26] and [27] which concludes that the evaluation of estimated lapse rate
shows that the estimates are reasonable and useful for temperature-related ana-
lyses and modelling studies and also argued that The lapse rates maintain a con-
sistently positive correlation with temperature in all seasons but exhibit a nega-

tive relationship with relative humidity in all seasons.

5. Conclusion

The lapse rate conditions at any location play a key role in the vertical move-
ment of energy and momentum fluxes in the troposphere and how air pollutants
are transported and dispersed in the atmosphere. From the assessed environ-
mental or normal lapse rate condition of the study area, it can be observed that
conditional instability persists throughout the year. The term conditional stabil-

ity which is based on the moisture situation of the atmosphere determine the

DOI: 10.4236/acs.2018.82010

140 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2018.82010

V. E. Weli, D. O. Edokpa

unstable and stable pattern of an air parcel during saturated and unsaturated

conditions respectively. The study area exhibited a moderate lapse rate condition

that is close to the moist adiabatic lapse rate (MALR). This atmospheric condi-

tion indicates the area’s closeness to the dominant source of the moist and warm

tropical maritime air mass which modifies the weather condition of the area.

The moderate lapse rate pattern of the area suggests that air contaminants con-

centrations under the moderate wind speed condition prevalent in the area will

be dispersed to both near and far receptors downwind of the source.
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