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CHAPTER SIX

Weather and Safety Issues in Aviation: The Need for
Action in Nigeria

B.A. Usman, I.P. Ifabiyi, and A.A. Kekere
Department of Geography and Environmental Management
University of llorin, llorin

Introduction

From its very beginning, aviation has kept a very close relationship with weather.
Although, recent years have seen greater advancements in aircraft technology,
development in navigation systems and improvements in pilot training, weather
has continued to be an important factor in aviation accidents. While human error
continues to be the major direct cause, weather is a primary contributing factor in
23% of all aviation accidents and also accounts for a significant proportion of air
delays worldwide. For instance, it accounts for about 70% air delays in the
United States. In the same vein, rerouting and diversions resulting from
convective hazards en route also increases operating costs and loss of passenger
time (Kulesa, 2002).

The importance of weather and climate cannot be neglected in air safety issues.
The aviation industry is vulnerable to projected climate change effects as the
projected sea level rise of 0.3 m to about 1.0 m by the year 2100 will put at risk
many coastal urban mass transits, highways, ports and airports from storm surges
(Black, 1998). For instance, up to 34 airports in Europe are known to be at risk
from projected sea level rise (European Union, European Aviation Conference
(ECAC) and EUROCONTROL, 2010). Furthermore, rising temperatures reduce
aircraft lift, with the result that aircrafts require longer take off runs and implying
that there will be need for longer runways at many airports. This may also lead to
changes in types of aircraft or aircr:aft maximum pay load. Changes in
precipitation patterns will affect airport operations and design requirements.
Therefore, many airports across the globe may require investment in drainage
infrastructure to avoid disruption of airport operations (Centre for Aviation
Transport and the Environment (CATE), 201 0).
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scheduling and trip planning all depend on weather condition. Due to the fact that
natural forces can be unpredictable, dangerous and difficult 1o physically control
or avoid, weather related accidents are generally more disastrous than other
forms of accident (Knecht and Lenz, 2010). For instance, the National
Transportation Safety Board (NTSB) (2005) reported that about two thirds of all
general aviation (GA) weather related accidents are fatal.

Similarty, the European Union, European Aviation Conference (ECAC) and
EUROCONTROL (2010) noted that a significant proportion of aviation accidents
in the world are weather related with turbulence and icing consututing a
significant part. A survey of 1300 fatal air crashes involving commercial aircraft
from 1950 to 2009 also show that 12% are directly the result of extreme
weather events with another 16% also due to weather related pilot error.
Accidents due to pilot error related to weather increased from average of about
139 in 1950 to almost 19% in 2000 (Abbas et al., 2012).

Knecht and Lenz (2010) classified the risk factors involved in weather related
accidents into perceptual errors associated with ability to adequately access the
likelihood of risk and skill errors related to deficiency in some particular skills.
Others are decision errors associated with taking wrong decisions at critical times
and procedural violations associated with not following laid down procedures.
Weather related aviation accident may occur as a result of icing, heavy rainfall,
windshear, thunderstorm with related lightning and reduced visibility as a result of
fog or haze.

Icing and Precipitation

Icing occurs when super-cooled water droplets (water existing in liquid state even
at temperatures below 0°c) strikes parts of aircraft whose temperature is colder
than 0°c and can have serious consequences on aircraft. Icing on the wings and
control surfaces of the aircraft known as structural icing, increases the weight
drag of aircraft, increases fuel consumption, decrease lift and cause erroneous
instrument readings. Icing on aircraft carburetors, engine air intakes and fuel cells
referred to as mechanical icing results in poor engine performance (Kulesa, 2002
and CATE, 2010).
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accidents in United States alone (Kulesa, 20 sty el ot
reduce airport operational capacity and could even

i i tober, 20|
airports, as was experienced at Don Muang Airport, Bangkok in Octo |

(CATE, 2010).

Windshear . ‘ -
Windshear or wind gradient which refers to difference in wind speed and

direction over relatively short distance in the atmosphere, const|f:ute fr(.eat Id U
to aircraft especially during take off and landing phases_s When aircrait is ¢ °5|e to
the ground and has little room to maneuver, As seen in Figur < I,‘at (a), a plane
entering a microburst gets into headwinds and the pilots will Il.kely react by
reducing engine power if they are unaware that they are passing through g
windshear. Meanwhile, at (b) as the plane moves through the shear, the wind
suddenly becomes a downdraft moving downwards creating an increasing
headwind over the wings of the aircraft resulting in sudden lift of the aircraft and
increase in airspeed. This is followed by a tailwind at (c), which leads to reduction
in the speed of air over the wings, and the loss of the extra lift and speed which
makes the aircraft to be vulnerable to sudden loss of airspeed and altitude. |n
such a situation the pilots may escape the microburst by adding power to the
engines. However, reduction of engine power associated with landing makes it
difficult for the pilot to increase speed to escape any downdraft which may result

in a crash (NASA, 1992 and Amadi, 201 3).
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Figure I: Effect of Microbust on aircraft during landing operation.
Source: Adapted from NASA, 1992,

Thunderstorms

Thunderstorms with related turbulence and lightening may also constitute danger
to aircraft. For instance, between 1929 and 2002 2 total of 17 air crashes
worldwide were directly attributed to lightning strikes (Plane crash Information,
2013). As seen in Table |, many of these crashes resulted from either ignition of
fuel tanks or loss of electric power after the aircrafts have been struck by
lightning.
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: orld.
Table I: Air crashes due to lightning across the w

— Incident .
| Dace  Lozation Alrline i Struck by lightning during thunderstorm
03/09/1929 | Mt Tailor, New Trans Con. Air
Mexico Transport i i
[ 22/07/1938 | Stulpica, Romania | LOT  —icabled by lightning strike
L3 1/08/1940 | Lovettsvillle, Penn Central Pilots al
Virginia Airline : A TR
| 07/01/1951 | Civitavecchia, Italy | Alitalia Lightning ign e e——
L26/06/ 1959 | Varese, Italy Trans World AL | Ignition of fu: ti]n an); o
L|9/07/l96l Azul, Brazil Aerolineas Str;dl( b)égl;g tning
Agentinas turbulen : : .
| 19/12'1962 | Warsaw Poland LOT Stalled after being str'uck b'y hghtmr.ug
12/08/1963 | Lyon, France Air Inter Possibility of flash of Ilghtnl_ng dazzling the
: crew causing temporary blindness
08/12/1963 | Elkton, Maryland Pan American Lightning induced ignition of fuel tank
AW vapours :
| 18/04/1967 | Zerand, Iran Iranian Air force | Crashed after being struck by lightning

L24/|2/|971

Puerto Inca,
Peru

Lineas Aereas
Nac

Lightning caused a fire that led to
separation of the right wing

Lo9/05/ 1976

Madrid, Spain

Iran Air Force

Lightning caused explosion in fuel tank
which caused the left wing to fail

L05/09/ 1980

Montelinmar,

Kuwait Air Force

Struck by lightning

France
08/02/1988 | Mulheim, NFD Struck by lightning causing complete
Germany electrical failure
22/06/2000 | Shitai, China Wuhan AL Struck by lightning causing the plane to
crash
10/10/2001 | Off Valencia, Spain | Flightline Struck by lightning causing loss of

27/12/2002

Anjouan, Comoros
Island

electrical power

Ocean Airlines

Struck by lightning causing loss of artificial

horizon and gYro compass

Source: Plane Crash Information, 2013,

, of the modern lightning Protection on aircrafts (Scientific
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damage that may even result in removal of aircraft from operation with huge
financial implications for operators (Kulesa, 2002).

In poor weather, spatial disorientation may enhance the severity of .weather
impact on the pilot of an aircraft. Spatial disorientation occurs when a pilot loses
orientation of his position and situation awareness due to poor visibility and or
unusual attitude. This results in the pilot not knowing the attitude of the aircraft.
Aircraft attitude are normally determined by reference to the horizon or other
visual references with the earth’s surface. When neither of these is possible, the
attitude of an aircraft has to be determined artificially from the flight instruments.
Pilots maintain orientation by sight supported by other senses. However, in poor
visibility and particularly at night “the supporting senses sometimes conflict with
what is seen” and the pilot may experience spatial disorientation. When this
happens the pilot is unable to determine which way is up (AIB, 2009, p. 58) and

this may result in a crash.

Squalls, Fogs and Haze

Various other weather events such as squalls, fog and haze are directly
responsible for hundreds of flight delays, cancellations and or diversions globally
every year. Poor weather has also been indirectly responsible for air crashes in
various parts of the world, such as when adverse weather delay aircraft landing
resulting in fuel starvation. For instance, as seen in Table 2, several air crashes
resulted from fuel starvation due to bad weather during the period 1937 to 1998.
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tarvation as a result of bad weather.
s

Incident ﬁ

Table 2: Some Air crashes due to fuel

| Date Location Airline Crashed after flying
02/07/1937 Lae, New Purdue Res. higher than expected
Guinea Found and used extra fuel
due to storm
uel due to
1170171947 Lympne, England | BOAC Ezgf:vtezzlier
throughout the ﬂigL
30/01/1948 Near Bermuda ic;ish So. AM ﬁzzgla‘it:gse‘:::f:f
out of fuel
02/12/1977 Al Bayda, Balkan Bulgarian Crew coul.d not locate
Lebanon AL alternate airport due
to fog and ran out of
[ fuel
04/09/1982 Rio Branco, GiaBras de Ran out of fuel in poor
L Brazil Tratores weather
31/10/1995 Piedras Negras, | TACSA Ran out of fuel trying
L Mexico to land in fog
13/01/1998 | Tor Kach, Ariana Afghan AL | Crashed after being
Pakistan

diverted to alternate
airport due to bad
weather

Source: Plane Crash Information, 201 3.
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Weather Related Air Accidents in Nigeria :
In Nigeria the dry season is usually associated with dust haze in many parts of the

country severely reducing visibility. This often results in flight delays, cancellations
and or diversions. For instance, The Nigerian Meteorological Agency (NIMET)
data shows that flight operations were disrupted and some cancellations
experienced in Lagos, Abuja, Kano, Minna, Sokoto, Maiduguri, Port Harcourt,
Owerri, Calabar and Enugu airports in March, 2010. Flight disruptions were also
experienced during the wet season in several parts of the country due to heavy
downpour, severe thunderstorms and squalls (NIMET, 2011). Table 3 shows
episodes of dust haze spells and their effects on visibility in the country in 2010.
As seen in Table 3, dust haze spells are more common in the northern parts of

the country.

Table 3: Dust haze spells and the effects on visibility in Nigeria (2010).

[ Date Number of Effects
dust spells
[jnuary 15-17 I Visibility reduced to 700-800 m in the North (Potiskum,
Maiduguri)
February 4-10 and 2 Visibility reduced to 400-800 m in the North and Central

|

24-27

parts of the country (Kano, Nguru, Maiduguri, Abuja,
llorin, Minna) and some Southern parts (Lagos)

Visibility less than 800m over Kano and some isolated

March 3-5 I

places in the North
March 18-24 I Visibility reduced to 100-900 m all over the country
April 7-9 | Visibility reduced to 100-800 m in the North (Gusau,

Kano, Maiduguri) and isolated Southern cities

October 27-30

Visibility reduced to less than 800 m over isolated places
in the North

November 20-24

Visibility reduced to less than 100 m over isolated places

December 25-30

Visibility reduced to less than 900 m in the Central states
and Akure

Source: NIMET, 20/ |

Similarly, the year 201 | recorded widespread haze in many parts of Nigeria also
resulting in flight disruptions in various airports across the country. For instance,
in the month of January 201 I, visibility was reduced to between 100-1000m in
most parts of the country with llorin, Ikeja, Owerri and a few other cities
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ddition, flight
_— NIMET, 2012). In a s
experiencing very low visibility of 50-800 m ( n as a result of thunderstorms

operations were also disrupted-in the rainy n:ae,-a;oof flight disruptions at Abuja
and heavy rainfall. Table 4 gives ;ojSllijS seen in Table 4, flight disruptions

International Airport from 2008 to ' 5 .
ir?creased over the years peaking in 2010, before slightly declining in 20

Table 4: Flight disruptions at Nnamdi Azikiwe Airport, Abuja (2008-2011).

2008 2009 2010 201 |
13

12
25

Month
anuary

February
March

May
une

uly

H—O|—|N|O
~

August

September

2
2
0
0
April 0
0
6
I
I
5
2

October
November 0

U'IU'I-——O—ONUJ(D\DU'I

December 12

O [—(h— N[IN|G

0

| Total 29 (90 vt TS

Source: NIMET, 2012.
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associated with windshear (Amadi, 2013). Table 5 gives a summary of major air
crashes experienced in Nigeria within the last four decades. As seen in Table 5,
the period 2000 to 2010 was a bleak period for the country’s aviation sector
because of the very high level of air crashes recorded.

Table 5: Major air crashes in Nigeria from 1969 to 2012.

Period Number of crashes Fatalities
1956 | 32 killed
1969 I 87 killed
1970-1979 2 192 killed
1980-1989 2 Over 100 killed
1990-1999 8 557 killed
2000-2010 24 530 killed
201 | to date 5 Over |70 killed

Source: Fletcher, 2012; Nigerian Elites Forum, 2012; The Guardian online, 2012 and
Amadi, 2013.

In its report on the Sosoliso crash, the Accident Investigation and Prevention
Bureau (now known as Accident Investigation Bureau) concluded that “windshear
activity on approach” and reducing visibility due to thunderstorm were
contributory factors (Federal Ministry of Aviation, 2006, p. 23).

Similarly, on the ADC Airline crash, the Accident Investigation Bureau (AIB)
(2008) in its report observed that the decision of the pilot to take-off in known
adverse weather conditions and his inability to apply the required windshear
recovery procedure were among the causal factors for the crash. Furthermore,
“the use of inappropriate equipment for windshear recovery procedure during”
simulation exercises and absence of a “Standard Operating Procedures for flight
operations in adverse weather conditions” were identified as contributory factors
(AIB, 2008, p. 71). The accident was therefore due to weather related pilot error.
The DHL aircraft crash that occurred at the Murtala International Airport, Lagos
on September 7, 2006, was also due to pilot error related to weather. The final
accident report shows that the causal factor was the decision of the aircraft crew
to land “despite the prevailing adverse weather condition” (AIB, 2013, p. 3). In
some other air accidents in the country, where weather was neither a causal or
contributory factor, poor weather has contributed to the magnitude of the
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' ' 22, 1998, at
disaster. An example is the Chachangi Airline’s accident of February a

Kaduna Airport. Poor visibility (600m) as a result of haze prevented tcl]u:hAel; I(t:“:;f;tc
Controller and other people around from noticing the smoke a!roun pdudus ,
when fire started from the brake unit during take off operations. Although, no
casualties were recorded in the accident, the aircraft was completely burnt to

ashes (Federal Ministry of Aviation, 201 3).

Although, the report of the Belview air crash of October 22, 2095, was
inconclusive due to inability to locate both the Flight Data and the Cockpit Voice
Recorders, a combination of factors including poor maintenance- cu‘lture.s,
inadequate flight crew training/competence and poor flight coordination in
adverse weather were believed to have directly or indirectly contributed Fo the
crash. However, while poor weather is believed to have played a role in the
accident, inadequate evidence made it impossible to determine the extent to
which weather and spatial disorientation contributed to the accident (AIB, 2009).

Weather Related Problems of Facilities and Services in the Nigerian
Aviation Industry

Poor facility provision has been the bane of the aviation sector in Nigeria. For
instance, a self audit (introspection) conducted by NIMET in 2007 showed that,
only four of the 36 synoptic stations in the country scored 50% and above in
terms of instrument availability. It is on record that before 2008 there was no
Low Level Windshear Alert System in any airport in the country. A lot of
instruments required for measuring weather variables were either not available
or not functional. Most of those that were functional were obsolete and provided
unstable weather information (Nkwazema, 2013).

date policy on adverse weather Operations for its crew members (AIB, 2008).
Similarly, the report of the Bellview plane crash indicated that the aircraft should
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serious negative effects on pilots’ performance especially at times of emergencies.
For instance, fatigue is suspected to be a factor in the Bellview aircraft accident
because the pilot’s cumulative flight hours in ten months was |,864.45 hours, far
in excess of the recommended 1,000 hours in twelve months (AIB, 2009).

The Nigerian aviation sector is also confronted with problem of manpower
training and manpower capacity building. Aircrews are poorly trained while
retraining and recertification of pilots and technical staff are not usually taken as
very important. Cases of arbitrary breaches of operating protocol are also
common sometimes resulting in gross disregard for safety regulations (Edeaghe et
al., 2006). For instance, the training of the pilot-in-command of the Bellview
aircraft was found to be inadequate (AIB, 2009). There are also instances where
pilots take off in known adverse weather as seen in the case of the ADC plane
that crashed in Abuja in 2006 (AIB, 2008). Furthermore, conditions of service are
poor and this negatively affects staff moral and creates conditions that encourage
operational malpractices in the industry.

Current Developments in the Nigerian Aviation Sector

The embarrassingly high number of air crashes recorded in Nigeria some few
years ago forced the Federal Government to embark on massive overhaul of the
aviation sector. Thus, in recent years over 40 weather observatories in the
country have been re-equipped with modern instruments. For instance, seven
Lightning and Thunderstorm Detectors have been installed in Kaduna, |badan,
Owerri, Port Harcourt, Enugu, Kano and Yola. Also, six Integrated Aviation
Weather Observatory and Display Systems were recently installed in Enugy,
llorin, Owerri, Katsina, Calabar and Maiduguri airports. In addition, four Upper
Air Stations have been resuscitated at Enugu, Kano Maiduguri and Oshodi (Amadi,

2013).

Furthermore, the Aeronautical Information Service (AlS) now provides regular
weather reports, which airline operators and pilots must obtain before start-up
and take-off. It provides pilots with destination weather information that assist
them in making decisions on whether or not to take off from one airport to
another. This is very vital to aviation safety in the country because, it prevents
incidents of avoidable air returns due to unfavourable weather conditions (Jetlife
Magazine, 2012).
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y established the National Weather

The Federal Government has also recentl Kirbort R e ok

buja
Forecasting and Climate Research Center}t\’:;te :llutil Azare, Benin, Damatury,
Synoptic Stations are to be established at Observation Stations are to

Dutse, Owerri and Sokoto. In addition, four Marine . Pl
be established at Aiyetoro, Mahim, bonny and Calabar (Amadi, 201 3) all

T weather around
these recent developments, NIMET’s ability to track‘ hgzardcz:s e
the country’s airports has greatly improved and it is no

necessary Early Warning Systems for the aviation sector.

Conclusion |
While weather is not the only cause of aviation accidents, adverse weather is

responsible for a significant proportion of air crashes worldwide. In Nigeria,
various air accidents have been attributed to adverse weather conditions and
some of these accidents would most likely have been avoided if modern weather
facilities were adequately available in the country. In addition, problems of official
laxity, corruption and low manpower quality have remained the bane of the
Nigerian aviation sector, with serious consequences for the safety of air
transportation in the country.In order to improve the safety of air transportation
in Nigeria, it is suggested that emphasis should be placed on providing modern
weather equipments in all the country’s airports. The government should ensure
that the on going installation of Low Windshear Alert Systems in all airports in the
country is completed very soon. This will improve the quality of weather

information in the country.
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