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Observed surface ozone trend in the year 2012 over Nairobi, Kenya 

ZABLON W. SHILENJE

Kenya Meteorological Department, P.O. Box 30259-00100, GPO, Nairobi, Kenya

Corresponding author; e-mail: zablonweku@yahoo.com

VICTOR ONGOMA

Department of Meteorology, South Eastern Kenya University, P.O. Box 170-90200, Kitui, Kenya

Received April 27, 2014; accepted August 28, 2014

RESUMEN

El aire limpio es un requerimiento básico para la salud y el bienestar humanos. El Servicio Meteorológico de 
Kenia ha iniciado acciones de medición de contaminación del aire en varios sitios de Nairobi, en el Centro 
Meteorológico de Dagoretti Corner y en el monte Kenia. Se miden diversos contaminantes, incluyendo el 
q¦qpq0"Nc"eqpegpvtcek„p"cuegpfgpvg"fg"icugu"fg"ghgevq"kpxgtpcfgtq"gp"nc"cvo„uhgtc"jc"kpÞwkfq"gp"gn"enkoc"{"
gn"vkgorq"cvoquhfitkeq0"Gp"gn"rtgugpvg"guvwfkq"ug"cpcnk¦ctqp"ncu"xctkcekqpgu"fg"q¦qpq"uwrgtÝekcn"gp"Fciqtgvvk"
Eqtpgt."Pcktqdk."fwtcpvg"wp"rgtkqfq"fg"34"ogugu"swg"Ýpcnk¦„"gp"lwnkq"fg"4235."gzcevcogpvg"wp"c‚q"fgurwfiu"
del inicio de la obtención de datos. Para estudiar la tendencia se analizaron series de tiempo horarias y 
mensuales de la concentración de ozono. Los datos de ozono se correlacionaron con datos meteorológicos 
y de temperatura. En términos generales, se encontró que la calidad del aire en Nairobi (representada por la 
estación meteorológica de Dagoretti Corner) es buena de acuerdo con los estándares de la Organización Me-
teorológica Mundial. La mayor concentración de ozono se observó durante la tarde y la mínima al amanecer. 
En una escala estacional, los niveles más altos se observaron en los meses fríos. Esta información ayuda a 
tgfwekt"nc"gzrqukek„p"cn"icu"{"rqt"nq"vcpvq"c"fkuokpwkt"uwu"ghgevqu"uqdtg"nqu"ugtgu"xkxqu0"Ug"tgeqokgpfc"nc"
tgfweek„p"fg"nc"gzrqukek„p"cn"q¦qpq"gp"nqu"vkgorqu"gp"swg"ug"jcp"qdugtxcfq"oc{qtgu"eqpegpvtcekqpgu"rctc"
minimizar su impacto.

ABSTRACT

Clean air is a basic requirement for human health and wellbeing. The Kenya Meteorological Department 
has established air pollution monitoring activities in various sites in Nairobi, at Dagoretti Corner meteo-
rological station and at Mount Kenya. Different pollutants are measured including ozone. The increased 
eqpegpvtcvkqp"qh"itggpjqwug"icugu"kp"vjg"cvoqurjgtg"jcu"kpÞwgpegf"vjg"ygcvjgt"cpf"enkocvg0"Vjku"uvwf{"
gzcokpgf"vjg"xctkcvkqpu"qh"uwthceg"q¦qpg"qxgt"Fciqtgvvk"Eqtpgt."Pcktqdk"hqt"c"34/oqpvj"rgtkqf"gpfkpi"Lwn{"
4235."gzcevn{"qpg"{gct"chvgt"vjg"uvctv"qh"fcvc"ceswkukvkqp0"Vjg"vtgpf"ycu"uvwfkgf"wukpi"vkog"ugtkgu"cpcn{uku"
of ozone concentration on both an hourly and monthly basis. The ozone data was then combined with me-
vgqtqnqikecn"fcvc"cpf"vgorgtcvwtg"vq"Ýpf"eqttgncvkqpu"dgvyggp"vjg"vyq0"Qxgtcnn."vjg"ckt"swcnkv{"qh"Pcktqdk."
represented by Dagoretti Corner meteorological station is good as compared to the World Meteorological 
Organization ozone standards. The highest concentration of ozone is observed in the afternoon and the 
minimum at dawn on a daily basis. On seasonal scale, the highest levels are recorded in the cold months. 
Vjku"kphqtocvkqp"jgnru"vq"tgfweg"gzrquwtg"vq"vjg"icu"cpf"vjwu"vq"tgfweg"kvu"korcevu"qp"nkxkpi"vjkpiu0"Vjg"
uvwf{"tgeqoogpfu"vjg"tgfwevkqp"qh"gzrquwtg"vq"vjg"icu"fwtkpi"vjg"vkogu"yjgp"kv"jcu"dggp"qdugtxgf"vq"dg"
highest in order to minimize its impacts.

Keywords: Air pollution, greenhouse gas, ozone, climate, temperature, Nairobi.
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1. Introduction

Ozone (O5) is one of the most important global air 

pollutants in terms of impacts to human health, crop-

lands and natural plant communities, and may become 

more important in the future. It is found in two primary 

layers in the atmosphere: in the upper stratosphere and 

the troposphere. In the upper stratosphere, it is a bene-

Ýekcn"oqngewng"vjcv"cduqtdu"jctohwn"wnvtc"xkqngv"*WX+"
radiation from the sun before it reaches the Earth’s 

surface (Crutzen, 1998). In the troposphere, ozone is 

a hazardous air pollutant which may cause damage 

to humans, animals, vegetation and materials under 

conditions of increasing surface ozone concentration 

because of smog photochemical reactions in the pres-

ence of growing atmospheric pollution (Kalabokas 

et al., 2000). Ozone is not directly emitted into the 

atmosphere; it forms as a secondary pollutant from 

pkvtqigp"qzkfgu"*PQz) and volatile organic compounds 

(VOCs) in the presence of sunlight. In urban areas on 

hot, sunny days ozone can reach very high concentra-

tion levels that can be unhealthy.

Hqnnqykpi" tcrkf" vgejpqnqikecn" cpf" uekgpvkÝe"cf-

vances in dynamic atmospheric chemistry processes in 

the recent past, air pollution monitoring has emerged 

cu"cp"ctgc"qh"tgugctej"kpvgtguv"kp"fkhhgtgpv"uekgpvkÝe"kp-

stitutions. This is evident in studies that have analyzed 

atmospheric chemicals, biogeochemical reactions 

(Carmichael et al.."4225+"cpf"igpgtcn"inqdcn"ektewncvkqp"
effects on global air pollution (Henne et al., 2008).

The increase in concentration of greenhouse gas-

ses (GHG) in the atmosphere is central to weather and 

climate sensitivity and ultimately to climate change. 

Clean air and environment are basic requirements for 

human health and environmental wellbeing (WHO, 

2006; NEMA, 2008). Air pollution poses an increas-

ing threat to health and environment. According to an 

assessment by the World Health Organization (WHO) 

kp"4234."qxgt"605"oknnkqp"fgcvju"cppwcnn{"ctg"fktgevn{"
attributable to urban air pollution, with close 600 000 

deaths in Africa (WHO, 2014). 

Kenya Meteorological Department (KMD) mon-

itors the concentration of greenhouse gases (GHG) 

at various sites in Kenya as one of its functions. The 

monitored GHGs include O5."ectdqp"fkqzkfg"*EQ2), 

ectdqp"oqpqzkfg" *EQ+." cgtquqnu" cpf" rctvkewncvg"
ocvvgt"qh"fkhhgtgpv"uk¦gu0"Hqt"cnoquv"ukz"{gctu."MOF"
qpn{"oqpkvqtgf" xgtvkecn" rtqÝngu" cpf" vqvcn" eqnwop"
ozone using ozonesonde soundings and a Dobson 

spectrophotometer instrument. Since July 2012, 

MOF"kpuvcnngf"uwthceg"q¦qpg"cpcn{¦gtu"urgekÝecnn{"
to measure ozone values at 10 m above the ground.

In general, ozone has not been much recorded or 

studied in tropical regions of the world, but it needs 

to be better understood since an increasing number 

of people around the world will be living in urban 

gpxktqpogpvu"ykvjkp"vjg"vtqrkeu0"Vjku"rcrgt"gzco-

ines hourly and monthly variations of surface ozone 

over the Dagoretti Corner meteorological station in 

Pcktqdk."hqt"c"34/oqpvj"rgtkqf"gpfkpi"kp"Lwn{"42350
Nairobi, Kenya’s capital city, is located between 

3³";Ó."3³"4:Ó"U"cpf"58³"6Ó."59³"32Ó"G0"Kv"eqxgtu"cp"ctgc"
of 684 km2"cpf"jcu"c"rqrwncvkqp"qh"503"oknnkqp"rgqrng"
(KNBS, 2010). The predominant winds over the city 

are easterlies; they are associated with precipitation 

qeecukqpgf"d{"oqkuvwtg"kpÞqy"kpvq"vjg"eqwpvt{"htqo"
vjg"Kpfkcp"Qegcp"*Qrklcj"et al., 2007; Ongoma et al., 

4235c+0"Pcktqdk"jcu"c"dkoqfcn"tckphcnn"tgikog"ykvj"
long and short rainy seasons in March-May (MAM) 

and October-December (OND), respectively (Okoo-

la, 1996). Northeast monsoons are common during 

December to February, and southeast monsoons 

fwtkpi" Lwpg" vq"Cwiwuv" ctg" cuuqekcvgf" vq" cp" gzvgpv"
with depressed rainfall conditions. Dagoretti Corner 

meteorological station is located at an elevation of 

1795 masl, 10 km west of the central business district. 

Figure 1 shows the land use and location of the ozone 

measuring station with respect to Nairobi County.

The concentration of NOz is the main factor that 

determines whether O5 forms or dissociates in the 

atmosphere. Ozone concentration in the troposphere 

is highly variable, ranging from 10 ppb (parts per 

billion) over the tropical oceans to 100 ppb over 

ncpf."cpf"ecp"gxgp"gzeggf"vjku"ncuv"xcnwg"kp"rqnnwvgf"
urban areas (Denman et al., 2007). Its variability is 

dependent on available solar radiation, temperature 

Þwevwcvkqpu."ykpfu." ugcuqpu" cpf" cnvkvwfg." coqpi"
other factors (IPCC, 2007). Atmospheric models that 

describe its chemistry and its coupling to transport 

are the best techniques currently applied to estimate 

current and future ozone levels.

Generally, temperature and long-term urban 

warming have a serious impact on urban pollution, 

resulting in higher ozone concentrations, since heat 

accelerates the chemical reactions in the atmosphere 

(Walcek and Yuan, 1999). Higher ozone concentration 

values in urban environments are mainly caused by 

solar radiation and pollutants. Urban areas accumulate 

greater amounts of heat than the surrounding rural 
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environments, resulting in higher air temperature val-

ues in densely populated and built areas, a phenomena 

referred to as heat island effect (Oke, 1987). Ongoma 

et al."*4235d+"tgrqtvgf"vjcv"dqvj"oczkowo"cpf"okp-

imum temperatures were increasing over Nairobi 

with the minimum increasing at a higher rate than the 

oczkowo0"Vjg"kpetgcug"kp"vgorgtcvwtg"kp"vjg"ekvkgu"ku"
attributed to human activities leading to the appearance 

of urban heat islands (UHIs). 

Bloomer et al., (2010) analyzed ozone in the 

eastern United States and found that its decrease was 

attributed to emissions reductions of its precursors 

and not weather variation. However, ozone has the 

capacity of producing feedback shocks in the climate 

system. According to the IPCC (2007) ozone is the 

third most important contributor to greenhouse ra-

fkcvkxg" hqtekpi" chvgt" ectdqp"fkqzkfg" cpf"ogvjcpg0"
The assessment report indicates that there was a 

igpgtcn"wryctf"vtgpf"qh"ectdqp"fkqzkfg."ogvjcpg"cpf"
pkvtqigp"qzkfg0"Ceeqtfkpi"vq"vjg"YOQ"Itggpjqwug"
Gas Bulletin (WMO, 2012), during the period 1990 

vjtqwij"4234." tcfkcvkxg" hqtekpi" kpetgcugf"d{"54'"
due to GHGs.

Ozone is introduced into the troposphere through 

its lowering down from the stratosphere. This source 

is most effective over oceans or regions distant from 

urban intensive air pollution activities (Jacob, 2000). 

Dkqocuu" dwtpkpi" cnuq" eqpvtkdwvgu" vq" cdqwv" ;'"qh"
the presence of ozone in the troposphere on a global 

scale. Helas et al. (1995) reported that Africa alone 

eqpvtkdwvgu"vq"c"uwduvcpvkcn"62'"qh"vqvcn"inqdcn"dkq-

mass burning activities. Considering the near-surface 

ozone concentrations, these are mainly controlled by 

local and regional emissions (Grewe, 2007), though 

they could also be affected by large-scale transport.

Ayoma et al. (2004) reported total ozone mea-

surements over Nairobi with a Dobson instrument, 

eqpÝtokpi"c"oczkowo"vqvcn"q¦qpg"eqpvgpv"fwtkpi"vjg"
short rainy season and a minimum in the warm-dry 

season. Muthama (1989) showed that minimum total 

ozone amount occurred around January and February 

*vjg"ycto/ft{"ugcuqp+"cpf"oczkowo"fwtkpi"Ugrvgo-

ber and October (the short rainy season).

Eqpuvcpv" ejgokecn" tgcevkqpu." uwej" cu" qzkfcvkqp"
drive the formation and destruction of ozone in the 

troposphere. The estimation and tracking of changes 
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in the amounts of O5"need measurements and actual 

data records. These records may be used to validate 

dispersion models and as a comparison to satellite data 

retrievals (Cui et al., 2011; Parrish et al., 2012). The 

Global Atmospheric Watch Program (GAW) provides 

tgnkcdng"uekgpvkÝe"fcvc"qp"vjg"ejgokecn"eqorqukvkqp"qh"
the atmosphere and maintains a network of stations 

that monitor the concentration of GHGs including 

ozone. Carmichael et al."*4225+"fguetkdg"uqog"qh"vjg"
analyzers and samplers used in GAW stations. 

2. Data and methodology

This study used hourly surface ozone data for a one-

{gct"rgtkqf"*Lwn{"4234"vq"Lwn{"4235+"qdvckpgf"htqo"
c"Vjgtoq"uekgpvkÝe"q¦qpg"cpcn{¦gt"oqfgn"6;k0"Vjg"
analyzer utilizes ultraviolet radiation photometric 

technology to measure the amount of ozone in the 

sampled air in parts per billion. It is a dual photom-

gvgt"ykvj"dqvj"ucorngf"cpf"tghgtgpeg"ckt"Þqykpi"cv"
the same time. Surface ozone data measurement, 

monitored continuously, is captured after every 2 s.

At Dagoretti Corner meteorological station in 

Nairobi, the analyzer is located in a laboratory room 

with a rainproof air inlet directed outside at a distance 

of 10 m above the ground. An air-sucking pump 

ftcyu"ckt"kpvq"vjg"cpcn{¦gt"vjtqwij"c"Ýnvgt"rcrgt"vjcv"
tgoqxgu" cnn" rctvkengu0"Vjg"Ýnvgt" rcrgt" ku" tgrncegf"
every Wednesday to keep the analyzer clean.

The hourly and monthly temporal variability 

of ozone, as well as monthly temperature were 

estimated using time series analysis. The 2 s data 

was aggregated into hours, days, and months before 

calculating the annual average of 20 ppb with an 8 h 

jkijguv"oczkowo"ogcp"eqpegpvtcvkqp"qh"52098"rro0"
The annual 8 h mean value is way below compared 

to the 50 ppm threshold considered by WHO to be a 

harmful concentration (WHO, 2006).

Vjg"rtgfqokpcpv"ykpf"Þqy"qxgt"Pcktqdk"ycu"uwr-

rqtvgf"d{"dcemyctf"vtclgevqtkgu"qxgt"vjku"ekv{"fwtkpi"
Lwn{"4234"cpf"42350"Vjg"vtclgevqtkgu"ygtg"igpgtcvgf"
using the Hybrid Single Particle Lagrangian Integrated 

Vtclgevqt{"Oqfgn"*J[URNKVa6+"eqorngvg"u{uvgo."kp"
qtfgt"vq"eqorwvg"ukorng"ckt"rctegn"vtclgevqtkgu"vq"eqo-

rngz"fkurgtukqp"cpf"fgrqukvkqp"ukowncvkqpu"wukpi"gkvjgt"
puff or particle approaches. The model uses previously 

gridded meteorological data on one of three conformal 

ocr"rtqlgevkqpu"*Ftczngt"cpf"Jguu."4232+0"Fcvc"ctg"
analyzed by the Global Data Assimilation System 

(GDAS) and are available every 12 hours. They are 

archived on a 2.5 × 2.5º latitude/longitude grid.

3. Results and discussion 

Minimum ozone concentrations are recorded between 

25<22"cpf"38<22"WVE"*Hki0"4+0"
The levels of ozone concentration are observed 

vq"kpetgcug"ykvj"vkog"htqo"33"rro"cv"25<22"WVE"vq"
56"rro"cv"32<22"WVE. A decrease in concentration 

is observed thereafter to 11 ppm at 17:00 UTC. The 

observations imply that most of the ozone at Da-

goretti Corner meteorological station is thermally 

generated. The observed ozone concentration can 

thus be attributed to the prevailing weather conditions 

on daily to seasonal timescales.

Hkiwtg"5"ujqyu"vjg"oqpvjn{"queknncvkqp"qh"q¦qpg"
fwtkpi"vjg"uvwf{"rgtkqf0"Oczkowo"xcnwgu"qh"4407"rro 

were recorded in July 2012 while the lowest concen-

tration of 16.5 ppm was recorded in December 2012. 

Data within the one-year study period do not clearly 

tgÞgev"vjg"ugcuqpcnkv{0
On the other hand, the lowest values were observed 

kp"Fgegodgt"4234."Crtkn"4235"cpf"Oc{"42350"Vjgug"
periods coincide with the rainy seasons over the study 

region; the long rains in March-May (MAM) and the 

short rains in October-December (OND). However, 
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it is noted that ozone levels are at the lowest with 

a one-month lag from the onset of long rains. The 

results agree with studies by Ayoma et al. (2004) and 

Muthama (1989). The observation could therefore be 

attributed to wet deposition of ozone molecules, in 

agreement with Muralidharan et al. (1989) and Lin 

et al. (2009). Muralidharan et al. (1989) studied the 

effects of rainfall on ozone in Trivandrum, India. The 

study isolated a correlation between daytime rainfall 

and lower surface ozone levels. 

During the month of July, Nairobi and its environ-

ments are under the intrusion of a cold winter air mass 

from the southern hemisphere that creates cloudy 

eqpfkvkqpu"*Qrklcj"et al., 2007). This may also be 

attributed to the prevailing meteorological condition, 

wind. The observed concentration of ozone may have 

been produced in other localities and transported by 

wind. The attribution is in agreement with Edmonds 

and Basabe (1989). Figure 4 shows a 168-h backward 

ckt"vtclgevqt{"gpfkpi"cv"22<22"WVE."qp"Lwn{"37."4234"
cpf"Lwn{"37."42350"

Vjg" rtgfqokpcpv" Þqy" cv" vjg"ogpvkqpgf" vkogu"
over Nairobi is southeasterly, which is in agreement 

ykvj"Qrklcj"et al. (2007) and Ongoma et al."*4235c+0
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The monthly ozone concentration has a negative 

correlation with temperature over the same period 

(Hki0"7+0"Vjg"eqttgncvkqp"eqghÝekgpv"dgvyggp"vjg"vyq"
xctkcdngu"ku"Î20350

The negative correlation coefficient indicates 

that the variation of monthly ozone concentration is 

inversely proportional to temperature in the area of 

study. The cold and dry season of June-August (JJA) is 

vjwu"gzrgevgf"vq"jcxg"c"jkij"q¦qpg"eqpegpvtcvkqp="eqp-

versely, the hot and dry months of December-February 

*FLH+"ctg"gzrgevgf"vq"jcxg"vjg"nqyguv"eqpegpvtcvkqp"
of ozone. The observation differs from some studies 

(e.g. Solberg et al., 2005) in other localities where pho-

tolytic reactions leading to ozone formation increase 

with temperature and O5 production is generally at its 

oczkowo"fwtkpi"yctogt"uwpp{"ygcvjgt0"Ceeqtfkpi"
to Solberg et al. (2005), the measurements of a study 

carried out in Southern England during 1995 showed 

an annual cycle of ozone with an early summer peak 

of about 40 ppb and an autumn minimum of about 

25 ppb. When superimposed on the annual cycle 

substantial variations were evident from day to day, 

with peaks of up to 200 ppb on sunny warm days and 

minima on cold calm winter days, when dry deposition 

vq"vjg"uwthceg"gzeggfu"vjg"uwrrn{"qh"Q5 from aloft. 

Since wind direction and speed are very important 

in determining the concentrations of O5 precursors 

within a region, the high concentration of ozone 

during JJA can be attributed to the strong southeast-

gtn{"oqpuqqp"vjcv"Þqyu"qxgt"vjg"ekv{0"

4. Conclusion and recommendations

Although the surface ozone monitoring station 

at Dagoretti Corner in Nairobi is still in its early 

stages, it shows the trends of the collected data. On 

a daily basis, the highest concentration of ozone is 

observed during the afternoon and the minimum 

at dawn. On a seasonal scale the highest levels are 

recorded during cold months, which is attributed to 

the rain-wash of pollutants during the wet months. 

Air pollution that contributed to the highest levels 

qh"q¦qpg"qp"urgekÝe"fc{u"oc{"pqv"jcxg"eqog"htqo"
a particular area, implying that pollution may come 

from many directions, a fact that policy makers 

should take into account. It is worth noting that the 

highest surface ozone concentration at the Dagoretti 

Corner meteorological station is almost twice lower 

than the WHO highest recommended threshold of  

50 ppm.

Surface ozone data collection and analysis will 

provide important information to stakeholders with 

reference to the key components of its location, con-

egpvtcvkqp"cpf"gzrgevgf" korcevu0"Vjku" kphqtocvkqp"
jgnru"tgfwekpi"gzrquwtg"vq"vjg"icu"cpf"vjwu"fkokpkuj-

es its impacts on living things. The study recommends 

tgfwekpi"gzrquwtg"vq"vjg"icu"fwtkpi"vkogu"yjgp"kv"jcu"
been observed to be highest, in order to minimize its 

impacts. The study also recommends the continuous 

and accurate observation of surface ozone in the area 

of study for further research in the area.
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Fig. 5. Monthly temperature and surface ozone concentration variability over Nairobi
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