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ABSTRACT

There is increase in the ambient temperature being experiencedaround the worlddue o global warming and
this has caused the energy consumption of cooling svstems to increase, Statistical analysis was carried outon
meteorological dataobtained from Nigerian Meteorological Agency for 18 towns in Nigeria for 1994-2008 or
1995-200%, The weather variables considered n this study were bourly relative humidity and dry
bulbtemperature.three hourly wel bulb temperature and vapour pressure. The averages of dry bulb
tempernture, wet bulb temperature and vapour pressure were computed. The four warmest months were
determined for cach location, from which the outdoor 1%, 2.5%, and 5% design conditions of dry bulb
temnperature, wet bulh temperaiure and vapour pressare were computed using Normal Distribution ables for
cach town. The design maonth is the month with the highest average maximum temperature. The following
design months were obtained from the results: February is the design month for Benin City, Calabar, Ibadan,
Ondo, Owerri and Port Harcourt; March for Abuja, Enugu, Teeja, Morin, Jos and Minna, April for Bauchi,
Kaduna, kano, Maiduguri, Sokoto and Yola. The 214% outside design dry bulb and wet bulb temperatures
obtgined for 1951-1965 by earlier workers were compared with those obtained for 1994-2000 in this
work. The percentage differences obtained were from 13-25% for dry bulb design temperature and from 2-
4 for wet bulb temperature. 10 was concluded that climate change has caused ontside design conditions for
air conditioning systems 1o change and resolts obtained in this work showld be ysed 1o replace the design
conditions formerly used by engineers which were obtained from ealier periods. This work is usefil n
preparing arevised code of practice for comfort air conditioning system design for Migeria,
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INTRODUCTION

Weather is the state of the atmosphere at an instant of time, with regard to temperanme, homidity, cloudiness, rinfall,
wind and other meteorological conditions. Climate is the average pattern of vanation in [gm;njm]_‘um amidity,
atmospheric pressure. mud, precipitation, and other meteorological variables observed in a given region over long
periods of time. The averaging period for defining climate normals depends on the purpose for which the data is to be
used [1]. The weather variables of a place influence the cooling and heating loads of a space such as a buflding. In
recent times, changes in weather conditions especially dry-bulb termperature have been experienced around the world
and this phenomenon is known as global warming or climate change [1]. The climate variahles of interest are dry bulb
temperatun: and wet bulb temperature which can-easily be measured and recorded with dry and wet bulb thermeometers
fromm which relative humidity can be easily read from Psvehrometric slide rule.

Air conditioning is the treatment of air in a space with the aim of controlling the temperature, relative humidity, and air
quality in that space. In the analysis of air conditioning systems, the stady of mixture of dry air and water vapour is
impartant.

Results obdained from statistical analysis of weather data are of paramount importance for design of air conditioning
systems. Various works were done on weather data of different locations locally and internationally. With the recent
experience of climate change, work is being intensified on weather data analysis.

Shoboyejo and Shonubd [2] worked on weather data of Nigeria for a 15-year period (1951-1965) and computed the
outdoor design conditions for 28 Migerian towns based on the data for the four warmest months for each of the
locations. They determined these design conditions on the assumption that the weather data are normally distributed.
They then cormputed the 1%, 235% and 5% confidence valoes of Gaussian probability distribution. The assumption of
Mormal or GaussianDistributionwas convenient since statistical tables could be used once the mean and standard
deviation were known.
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Erbs 3] carried out stastical analysis of weather data for 20-year period for 9 cities in the United States of America
from which he developed models that could be used for every city in the United States of America, The 9 cities
were Madison, WI, Washington, DC, Albuguerque, NM, New York, NY, Phoenix, AZ, Seattle, WA, Miami, FL,
Fort Worth, TX, and Columbia, MO, He provided the average values of dry bulb temperature and relative humidity
and standard deviation from the average and several other resulis,

Arivo [4] worked on dry bulb temperature of two locations in Migenia, namely: Tkeja and Tlorin for the | 5-year
period 1978-1992. He calculated the design data of dry bulb temperature for both places based on the assumption
that the data are normally distributed. He determined the 1%, 2% and 3% confidence values for the four warmest
months. The results so obiained were higher than those of Shoboyejo and Shonubi [2] for the two locations.

Olorunmaiye et al [5] reported that there was increase in mean temperatures for lkeja and Iorin in another study
based on 1995-2008 data. This re-confirmed the evidence of global warming as resulis obiained were higher than
that of Ariyo for the two places. Equally, the 1%, 2% and 5% dry bulb temperatures fior the four warmest months.
were higher than results obtained by the earlier workers [2, 4] for both places.

The quantity of energy needed to cool 2 building or space depends on the climate, the size and the design of the
building or space, the interior conditions of the space being conditioned and the equipment in use [6, 7]. In
buildings, the mediurm to be cooled is air and the oceupants are made comfortable.

In an air conditioned building, the air must be conditioned and this may involve cooling to some desirable
temperature (or heating as in imcubator in this part of the world), dehumidification or humidification, ventilation,
filtration and distribution. Human comfort standards vary with locations, climate, time of the year, life style and
dressing habits and nature of physical activity engaged inata point in time.

Most designed comfort air conditioning systems are to create an interior condition within the comfort zone and not
io creaie or produce and maintain a specified dry bulb temperature and relative humidity. Outside condition varies
from one location to another and these are determined by computing the average condition that occurs over a
number of vears.

Tn recent times, the issue of climate change has contributed to the need for energy efficiency [7], There is increased
energy utilization in household refrigerators due to changes in ambient temperature of the spaces in which they are
placed [, 7], this will equally be true of air conditioning systems,

The Temperature-humidity index (THI) is a measure of the level of thermal stress that livestock or men are
subjected to by the combined effect of dry-bulb temperature and the coincident relative humidity or wet bulb
temperature of the ambient air The rate at which the body of a man or an animal can lose heat by evaporative
eooling through the skin and lungs reduces as the relative humidity rises and the THI is a measure of the effective
temperature felt by the body [8]. When THI value is above 83 °F (29.4 °C) most peaple are very uncomfortable [9].

Abdulrahim et al [10] examined thermal stress caused by the weather in Maiduguri, Nigeria. They measured dry
and wet bulb temperatures and wind velocity in a classroom, in the shade under a neemtree and under direct
sunlight from 7.002.m to 5.00p.m on some days in the months of October to December 2010. The mean values of
THI varied from 23.58 to 31.18 °C and the classroom had the mininmum THI while the location under the sun had
the highest,

Sanusi e al [11] estimated temperature humidity index (THI) using monthly mean values of temperature and
relative humidity data obtained from National Aeronautics and Space Administration (NASA) for 10 towns in
Nigena, namely:

] Lagos, Calabar, Port Harcourt, Uyo and Sapele in southern part of Nigeria; and

1] Katzina, Kano, Maiduguri, Yola and Gusan in the northern part of Nigeria.

The values of THI calculated for the 12 months for the § southern towns and the 5 northern towns were within the
ranges 25.6-29.8 °C and 21,0-31 .8 °C, respectively. Maiduguri had the highest THI value of 31.8 °C in May.

The aim of this work is to provide data for outside air condition for air conditioning system design in Nigeria, using

recent weather data and thereby replace the design data generated in the work of Shoboyejo and Shonubi [2] which
was based on 1951-1965 weather daia, in view of global warming and climate change.
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An important objective of this work s to see if comparison of results obtained from recent weather dats with resulis of
Shoboyejo and Shonubi [2]for some other locations (apart from Tkeja and Horin) provide evidence of global warming like
was observed earbier for [keja and [lorin.

SCOPE AND LIMITATIONS OF THE PRESENT WORK

This work is based on meteorological data for towns in Migeria where these date were recorded. However, onby 18 Nigerian
towms for the period of 19942008 or 19952004 which covers the span of fifieen years period were considered due to
incomplete recorded data for some of the stations in the country, The eighteen (18) wowns considered in this study cover the
six geopolitical zones and the Federal Capital Termtory. The towns ave spread as follows:
(i} South- South zone: Benin-City (Lat, 6°20006" N, Long, 573738 E), Calabar (Lat. 4°5706" N, Long. &*19°19" E)
and Port Harcourt (Lat 4747 21" N, Long, 6* 59" 547 E);
{ii) South Eastzone: Enugu (Lat. *26°24" N, Long. 7°29'39" E) and Owerri (Lat, $°28"58° N, Long. 720149 E);
{iii) South West zone: Tkeja (Lar, 6°40'M, Long. 37 20°E), Ondo (Lat, T°05'59" N, Long, 474950 E) and Thadan (Lat.
T2V167N, Long. 3953477 E);
fiv) Morth Central zone:florin (Lat. 8° 26'N, Long. 4*2%E), Minna (Lat. 953650 N, Long. 6*3324" E) and Jos (Lat.
DE55'007 M, Long. 875400 E);
(v} Morth Fast zone:Muiduguri (Lat. 11°50°47% M, Long. 13°0F367 E, Yola (Lat, 97 11°59" W, Long. 12°28°59" E) and
Bawchi{Lat. 10%00"N, Long. 700" E};
(vi} MNorth West zone:Eaduna (Lat. 10°31720" N, Long. 7°26°1 7" E), Kano (Lat. 11959739 N, Long, 8°30°49" E) mnd
Sakoto(Lat.13° 3" 3" N, Long. 5% 13" 53" E); and
{vii)Federal Capital Territory: Abuja (Lat. 9°03°26" N, Long. 7°29°237E).

METHOIDNLOGY

Hourly retative humidity and drybulb temperature, and thres bourly wethulb temperature data based on Gresmwich Mean
Time (GMT) were obtained for fifteen years (1994-2008) or (1995-2009) from Nigerian Meteorological Agesey(NIMET),
Oshodi, Nigeria for the eighteen {18) Nigerian towns. These data obtained on paper bymaking photocopies from the original
docunents, were keyed into the cofmputer system using Microsoft excel office software 2007 version.

The keyed in data of hourly dry bulb temperature and three hourly wet bulb temperatires were arranged month by month for
cuch location and for each weather variable for the 15-year period. The monthly average hourly dry-bulb temperature and
manthly average howrly relative humidity were computed for 24 hours of the day for each month for each of the cighteen
towns considered. The monthly average daily, standard deviation and range of the dry-bulb temperature and relative
bumdity were computed for cach month for the eighteen towns

The maximum and the minimam valses of the monthly mean of the hourly dry bulb temperatures were computed and the
differences of the maximum and minimum values were calculated as the mnge for the month. Using the monthly average dry
bulb temperature which were also calculated, the four warmest months of the year for each ofthe locations wene detarmined.
The design month, which is the month with the highest average maximum temperature of the fonrwarrmest months, was
determined for each location, The distribution of the dry-bulb temperature data was assumed 1o be Guussian or Normal
distribution. Then the 1%, 24% and 5% confidence values for drv bulb and wet bolb temperatures were obimined from
normal distribution table using the monthly mean valoes, and standard deviationsfor the four warmest months. The
coincident relative humidity values of the 1%, 245% and 5% confidence values of dry bulb temperature were determined by
finding the averages of relative humiditiesthat coincided with the dry bulb température in the range of £0.1°C of the
confidence valwes during the four warmest months.

RESULTS

Thel%s, 234% and 5% confidence values for the four warmest months of the dry bulb temperature, wel bull tenperature and
wapour presaure fior cach of the eighteen owns in this study are presented in Tables 1-3,while Tables 4-6 show outside design
conditions for dry bulb temperature, wet bulb temperature and vapour pressure obtained by Shoboyejo and Shonubd [2] for
the sixieen towns that their work had in common with the present work. The coincident relative humidity values of the 1%,
245%, and 5% confidence values of dry bulb temperature of the four warmest months are also shown in Table 1.
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TABLE1: CITIES WITH DESIGN MONTH, DESIGN DRY BULB TEMPERATURE YALUES
FOR 1%, 2%4% AND 5% CONFIDENCE VALUES AND COINCIDENT RELATIVE
HUMIIMTY VALUES, MEAN DREY BULE TEMPERATURE AND STANDARD
DEVIATION,
i Elevation | Mean | STD
Mo poe Design Toe *C Toe | of
Coincident | 2%% | Coincident | 5% | Comeident | °C | Tos
% | RH(®W) | Tos | BH(E) | Tes | RH{M) '
Design | Tos, °C °C
Station Month | °C
1| Abgga | 5360 March | 3030 | 2050 | 9170 2697 [3633 1 3164 | 2016 | 436
2 | Bachi | 6053 Apil (419 | 2167 | 946 2560 (3190 | 19T | 2972 | 495
3 | Benin City | 77.7 Febrmary | 3586 | 3840 | 3461 | 4646 [ 3354 ] sS4 | 2795 | 340
4| Calsbar | 619 February | 3470 | 5641 [ 3358 [ 6786 [ 3263 | 6033 | 2763 | 304
5| Emgn | 1414 Mah | 3729 B0 138 3935 (M| 4168 [ 28M 1D
6 |Thadan | 227.1 February | %621 | 4260 | 3483 | 4941 MM | 416 | 2802 | 348
7 | Theja 393 Mach | 3529 | 4759 | 3409 5503 [ [ 7135 [ 2M |19
8 | Torin 354 March | 3800 | 2BR0 [ 3656 | 3033 [ 3525 | 5141 | 2837 [435
9| Jos 12847 Mach | 34390 900 [3262| 1740 [3LI0] 2160 | 402 | 510
10 | Kaduna | 6450 Apil | 938 1670 [ 3783 IRI0 [3595 | 1820 [2770 | 5m
11 | Kamo 471 Aprl | 4200 | 1545 (4003 [ 1525 [ 852 | 2050 [ 30.4 | 510
12 | Miaidugur | 353.6 Apil | 4476 | 1433 (4265 | 1470 [ 4085 | 1480 | 3141 |54
13 | Minm | 2585 March | 4043 | 2080 | 3884 2620 [3748 [ 3200 3038 | 432
14| Ondo {2865 Febroary | 3587 | 4320 | 3453 | 4280 [ 3338 4623 | 2744 | 429
15| Owemi | 1590 | Febniary | 3695 | 3510 [ 3567 4445 | 349 | 4557 | IRR6 | 354
16 | Pont- 195 585 1 3640 | M52 | &4 [BBW] 54
Harcourt February - T4 | 364
17 [Sckoto | 3505  |Aprl [ 4403] 1950 (4220 1580 [4062 | 1950 [ 3284 | 5N
18 | Yola 1859 Apil | 4374 | 800 (4181 | 1800 [ 4006 [ 2241 [ 3153 | 525

The desigmeonditions of dry bulb and wet bulb temperatures for the eighteen Nigerian towns were compared with
the results obtained by ShoboyejoftShonubi [2] based on 1951-1965 meteorological data. The comparisons are
presented in the following figures: Figures 1 to 3 are the bar charts for 1%, 215% and 5% confidence values for dry
bulb temperature while Figures 4 to 6 are the bar charts fior 1%, 2% and 5% confidence values for wet bulb
temperature. Themean valucs in Tables | to 3 are the averages of dry bulb temperature, wet bulb temperature and
vapour peessure for the four warmest months, The Daily range values in Table 3 were obtained from the
differences of the maximum and minimum average hourly dry bulb temperature of the design months, Figures 7 -
9 give the comparism of results obtained from 1951 — 1965 data with results obtained in this work from 1993

2009 data for daily range, mean and standard deviation of dry bulb temperature, respectively, for sixteen Migerian

towns.

57




NSE TECHNICAL TRANSACTION VOL 49, NO 2 APRIL - JUNE 2015

TABLE 2: CITIES WITH DESIGN MONTH, DESIGN WET BULE TEMPERATURE
VALUES FOR 1%, 2¥% AND 5% CONFIDENCE VALUES, MEAN WET
BULBTEMPERATURE, ANDSTANDARD DEVIATION.
e El‘;ﬂ‘;‘““ Design Tws °C
Deesign 2 4% 5% Mean | STD
Station Month 1%
1| Abuja 5360 March { 3871 [ 3604 | 33.94 2226 | 433
2 | Bauchi 6093 April 3641 | 3365 | 31.29 2121 | 438
3 | Bemin City 7.7 February 41.07 | 3812 | 3745 4.1 14
4 | Calabar 61.9 February JEO00 | 3660 | 3541 2477 | 205
5 | Enugu 1414 | March 39.39 | 37.37 | 35.64 2409 | 2.65
fi | Ibadan 227.1 February 3920 | 3733 | 3572 2427 | 263
7 | Ikeja 193 March 39.71 | 3832 | 3713 2584 | 270
8 | Horin M54 March 3957 | 3724 | 3507 2303 | 345
9| Jos 1284.7 March 3121 | 2849 | 2617 1641 | 4.23
10 | Kaduna | 6430 April 3421 {3126 | 2875 1892 | 437
11 | Kano 14721 April 3581 {3286 | 3035 2059 | 392
12 | Maiduguri 353.6 April 3398 | 3007 | 2859 1985 | 4.95
13 | Minna 258.5 March 3850 [ 3582 | 3353 2248 | 341
14 | Ondo 286.5 February | 39.16 | 37.03 | 3521 | 2338 | 4.08
15 | Owerri 1590 February 40.52 | 3835 | 36.50 2419 | 266
16 | Part-Harcourt 19.5 February | 40.85 | 3890 (3723 2439 | 137
17 | Sokoto 350.5 Agpril 3628 | 3333 [ 30.82 21.57 | 3.76
18 | Yola 185.9 April 3771 | 3465 | 3205 2148 | 4.13
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TABLE 3: CITIES WITH DAILY RANGE OF DRY BULB TEMPERATURE, VAFOUR
PRESSURE VALUES FOR 1%, 2%4% AND 5% CONFIDENCE VALUES,MEAN
ANDSTANDARD DEVIATION OF VAPOUR PRESSURE

Dail'}' Hange ‘Giimu'r Pressure mb
S/MNo . 2 %% 5% Mean | STD
Station ) 1% S
2 | Bauchi 12.63 106 | 4129 | 3946 1896 | 7.50
3 | Benin City ] 9.15 341 | 35.88 [ 34.63 3874 | 530
4 | Calabar 8,79 .04 | 3470 | 3358 29.16 | 3.80
5 | Enugu 531 392 | 3732 | 3593 26.60 | 5.50
6 | Ibadan 10.35 (330 | 36.00 | 3475 2734 | 5.10
7 | lkeja 715 29y | 3529 |34.19 3092 | 3.78
8 | forin 11.26 4135 | 38.49 | 36.89 2422 | 6.60
9| Jos 1345 s 10 | 35.88 | 34.01 14.00 | 7.40
10 | Kaduna 1127 502 | 3937 | 37.52 15.60 | B.00
1 | gano 13.49 510 | 42.00 | 40.13 17.20 | s.00
12 | Maiduguri 14.96 |5 74 | 44.76 | 42.65 15.60 | 7.90 ;
13 | Minna 11.28 431 | 4043 | 3884 21.53 | 7.30
14 | ondo T 10.69 a9 | 3742 | 3584 35.67 | S.ED
15 | owerri 946 | 3.54 | 37.09 | 3579 26.80 | 5.90
16 | Port-Harcourt 9.69 3.64 | 3591 | 34.57 28.52 | 5.30
17 | sokoto 1306 520 | 4494 [ 4302 T17.67 | 800
18 | vola 1128 525 | 4374 4181 1840 | 830
TABLE4:  RESULTS OBTAINED FOR 16 OF THE TOWNS FOR DRY BULB
TEMPERATURE FROM 1951-1965 DATA BY SHOBOYEJO &
SHONUBI 2]
S
Ne Eh;:‘:““ Design Tos °C
Design 2 %% 5% Mean | STD
Station Maonth 1%
1 | Bauchi 6093 [April 3833 | 3660 | 3500 | 2722 | 5.00
2 | Benin City 1.7 . March 3220 | 3L.11 30,00 2556 | .78
3 | Calubar 61.9 March LI | 3000 | 2944 | 2556 | 222
4 [ Enugu 141.4 March 3388 | 3222 | 31.67 | 2611 | 3.33
5 | Thadan 227.1 February [ 32.78% | 31.67 | 3056 | 2556 | 3.33
6 | Ikeja 39.3 March 31.67 | 30.56 | 30.00 | 25.56 | 2.78
7 | Horin 305.4 March 35.00 | 3333 | 3222 | 2556 | 3.89
8 | Jos 1284.7 March 2944 | 2833 | 2722 | 201.11 | 3.33
9 | Kaduna 645.0 March 3444 | 3278 | 3167 | 2389 | 444
10 | Kano 472.1 April 3833 | 3601 | 3444 | 2556 | 500
11_| Maiduguri 353.6 Agpril 4056 | 3833 | 36.67 | 26.67 | 6.11
12 | Minna 258.5 March 31556 | 34.44 32.78 26,67 | 3.89
13 | Ondo 286.5 February | 32.22 | 31.67 | 3056 | 26.11 | 2.78
14 | Port-Harcourt 19.5 February | 31.11 | 30.56 | 2944 | 2556 | 2.78
15 | Sokoto 350.5 April 41.67 | 39.44 37.78 2044 | 5.56
16 | Yola 1859 March | 3833 | 3666 | 3500 [ 2722 [ 500
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TABLES:  RESULTS OBTAINED FOR 16 OF THE TOWNS FOR WET BULB
TEMPERATURE FROM 1951-1965 DATA BY SHOBOYEJO &
SHONUBI (2]
Elevation
SiNe (mn) Design TwiC
Design 2 %% 5% | Mean | STD
Station Month | 1%
1 | Bauchi 609.3 April [ 2778 [ 26.11 | 2500 | 18.89 | 3.89
2| BeninCity | 717 March 26,01 | 26.11 | 2556 | 2333 | L11
3 | Calabar 61.9 March 26.11 | 2556 | 2556 | 23.89 | L1l
4 [ Eougu [ 1414 March 26,11 | 2556 | 2500 [ 22.78 | 167
5 | Ibadan 227.1 February | 32.78 | 31.67 | 2611 | 2556 | 3.33
6 | Tkejn 39.3 March 2667 | 2667 | 2611 | 2389 | L1
7| Moerin__ 3054 March 6.0 | 2556 | 2500 | 22.22 | 1.67
8 | Jos 1284.7 March [ 2278 | 2167 | 21.11 | 15.56 | 3.33
9 | Kaduna 6450 March 2722 | 2556 | 2444 | 1833 | 388
10 | Kano 4721 April 2833 | 2722 | 2556 | 1833 | 4.44
1T | Maiduguri 3534 April 2044 | 27.78 | 2667 | IRE9 | 444
12 | Minna 238.5 March 2778 | 2667 | 2556 | 2167 | 278
13 | Ondo 286.5 February | 2556 | 25.56 | 25.00 | 2333 | LI1
14 | Pori-Harcourt 19.5 February | 26.11 | 26.11 | 25.56 | 23.89 | L.11
15 | Sokoto 350.5 April 30.00 | 2833 | 3722 | 21.67 | 444
16 | Yola [ 1859 March | 2944 | 2833 | 2722 | 21.11 | 333
TABLE & RESULTS OBTAINED FOR 16 OF THE TOWNS FOR
VAPOUR PRESSURE FROM 1951-1965 DATA BY
SHOBOYEJO & SHONUBI |2]
S/No I Dm]yng.nnge Vapour Pressure mb
2 V% 5% Mean | STD
Station 1%
1 | Bauchi 14.44 33 30 28 16 7
2 | Benin City 1111 31 30 30 28 1
3 | Calabar 9.44 30 30 30 28 1
4 | Enugu - 11.11 il 30 29 26 2
5 | Ibadan 11.11 29 29 28 26 1
6 | lkeja 9.44 32 3l 31 29 1
7 | llorin 13.33 31 30 29 24 2
8| Jos 12.78% 28 25 23 14 6
9 | Kaduna 14.44 33 31 28 17 7
10 | Kano 15.56 i3 3 28 16 7
11 | Maidugun 17.22 34 31 29 17 7
12 | Minna 12.77 35 33 31 22 6
13 | Ondo 10.56 29 29 28 26 1
14 | Port-Harcourt 11.11 i1 30 30 28 1
15 | Sokoto 15.00 35 2 30 16 8
16 | Yola 15.56 37 35 32 21 7
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FIGURE 1: COMPARISON OF 1995-200% AND 1951-1965 DRY BULE
TEMPERATURES DATA AT 1% CONFIDENCE VALUE FOR 16
NIGERIAN TOWNS
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FIGURE2: COMPARISON OF 1995-2009 AND 1951-1965 DRY BULB
TEMPERATURES DATA AT 2%% CONFIDEMCE VALUE FOR 16
NIGERIAN TOWNS
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FIGURE 3:
COMPARISON OF 1995-2009 AND 1951-1965 DRY BULE TEMPERATURES
DATA AT 5% CONFIDENCE VALUE FOR 16 NIGERIAN TOWNS
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FIGURE 4:
COMPARISON OF 1995-2009 AND 1951-1965 WET BULB TEMPERATURES
DATA AT 1% CONFIDENCE VALUE FOR 16 NIGERIAN TOWNS

62



NSE TECHNICAL TRANSACTION VOL 49, NO 2 APRIL — JUNE 2015

2 %% Confidence values

Minna
Ondo

i

Ibadan
Ikeja
larin

Jos
Kaduna
Kano
Mniduguri

[

FIGLURE 5:
COMPARISON OF 1995-200% AND 1951-19%65 WET BULB TEMPERATURES
DATA AT % CONFIDENCE VALUE FOR 16 NIGERIAN TOWNS
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AT 5% CONFIDENCE VALUE FOR 16 NIGERIAN TOWNS
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FIGURE 9:
COMPARISON OF 19952009 AND 1951-1965 STANDARD IEVIATION
OF DRY BULB TEMPERATURES DATA FOR 16 NIGERIAN TOWNS

DISCUSSION OF RESULTS

For Banchi, Emugu, Ibadan, Tkeja. llorin, Jos, Maidugur, Minna, Ondo, Port Harcourt and Sokoto the design
maonths observed in this work using £995 - 2009 data were the same as the design months obtained by Shoboyejo
and Shonobi [2] from 1951 - 1965 daia.

For Benin City, Calabar, Kaduna, Kano and Yola the design months observed in this work using 19935 — 2009 data
differs from those obtained by Shoboyejo and Shonubi [2] See Tables | and 4,

Iri Figures 1 to 6, there are no bars for Abuja and Owerrd because Abuja and Owerri were not considered in thework
of Shoboyejo and Shomubi [2] since there were no metcorological stations in the two places at that time. Infact
Abuja did mot exist as a city as at that time.

In the case of dry bulb charts of Fipures | to 3 and &, the bars of 1995-2009 are higher than those of 1951-19%5 for
each location. This is a strong evidence of global warming in the sixteen towns. This phenomenon is as a result of
biurrman activities that generate green house gases. This is equally evident in the case of wet bulb charis. Figures 4 to
& show that the bars of 1 995-2009 are higher than those of 1951-1965 for each location except Ihadan. This result
shows. that the ambient air at Thadan was on the average drier (lower relative homidity) in the period 1995-2009
than the carier period (1951-1965),

In Figure 7, there is higher daily range of dry bulb temperature for 1951-1965 data than in the present work which
indicates that diurnal variation of dry bulb temperature are higher for the design months in the 1951-1965 data.
The variations of the standard deviation in Figure 9 shows that there 15 higher standard deviation in this present
work compared with the work of Shoboyejo and Shonubi [2] in thirteen (13) places (Benin Ciy, Calabar, Enug,
[badan. lkeja, Norin, Jos, Kaduna, Kano, Minna, Ondo, Port Harcowrt and Yola) which shows that there is higher
dispersion of the hourly measured temperature from the mean in the 1995-2000 data than that of 1951-1965 data

of Shoboyejo and Shonubi.
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CONCLUSION AND RECOMMENDATION

Having computed 1%, 2'4% and 5% confidence values for dry bulb and wet bulb temperatures for the four warmest
months, it can be concluded that the the results of this recent data of 1995-2009 in comparison with those of Shobayejo
and Shonubi [2] (1951-1965) shows clesr evidence of global warming in other locations besideslkeja and Ilorin for
which this was reporied in an earlier work(5).

Itis recomimended that this research should be extended to the other towns not considered in this study but which were
considered in Shoboyejo and Shomubi's work to come up with current results in view of the trend of global warming,

Therefore, this wark will be useful in preparing a revised code of practice for comfort Air conditioning system
design for Migena,
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