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Savanna-32 1,550 scluarc kilometers (kni') of Sildnn 
savanna, 376.070 kni' of Guinea savanna. and 71,150 
krn2 of SaIlcI S ; IV~I I I I I ; I - - -OCCU~~CS ovcr 80% of 
Nigeria's 924,000 km' land area.  Most of i t  is burned 
l~nnually. I t ' i s  estimated that swamp forest of the 
Nigcr Dcl t :~  anrl coastal bclt cover about 24,040 km2. 
wliilc rllc lowl:~ritl r;~irlforcst propcr covcrs ; t \~ou t  four 
[irncs this arc;[ (XY.030 !iln2), nllhougll not more than 
IO'% of thc Ii~ttcr Iias csc;~l,crl farriii~lg in rcccnt tinics 
itrlcl n o  sig~iil ' ici~~lt ;trc;ts of high forcst riow rcniain 
oulsidc llis forest rcscrvcs (Onochic.  1079). ?'hc rcsr 
of [tic land itrc;t is ~ n a d c  up of forcst-savanna tr;tr~si- 
liorl zo~ ics .  

T h c  ratc of dcforcstntion in Nigcri;~, estiniatcd as 
0.285 million hectarcs per year (Iialyr) (FAO,  1981). 
rank:; rlinth in thc world (Woodwell. 10x4) i~ntl  pro- 
ct.::.!s at aboitt 4.8% per annuni (FAO,  1981). Exist- 
ing subsistence farming practices, such as shifting 
cultivation, are  largcly responsible for the high rate of 
deforestation (Oscmeobo,  1988). Biornass burning is 
an intcgral part of the shifting cultivation and slash 

. and  burn agriculture, which is common in many parts 
of West Africa. Burning takes place in the dry season 
bctwccn November and March annually in most of 
tlic forcct and S ; I V ; I I ~ I I ; I  zo~lcs .  

The! c llavc bcen numerous studies on thc effects of 
burning oil vcget;~tion in Nigcria (sec Sanford. 1982), 
but tltc ntn~osphcric implications h;ivc never bccn 
discussed. The  objective of this chapter is to rliscuss 
some of those implications based on available data on 
biorn;tss burning in Nigeria. 

Es tc~ l t  o f  Ilioni:~ss Uurning by Gcographic:~I Area 

Virtually any part of the country that experiences up 
to three months' dry season is affected by burning. 
What rnattcrs is the intensity of burning, which itself 
is dependent on the  vegetation type and the time of 
year of burning. The  amount of litter produced, espc- 
cially leaf litter, is crucial in the burning of forest 
vegetation and plantations. Reported litter fall in sa- 
vannas ritngc from 1 to 4 tons per hcctarc per year 

(tons/ha/yr), in forest i rornabout  5 to 8 tons/ha/yr, 
and over 11 tons/ha/yr in plantations (Table 21.1). 
Okali and Ola-Adit~lls (1987) reported standing 
woody bio~nass  of 229.6 t ~ n ~ l l i i t  in a primary forcst 
and 91.1 tonslha in a 28-ycar-old plot, both in a dry 
railiforest in southwcstcrn Nigeria. Isichei (1475)) re- 
portccl l~ctwccn 10 ; ~ r l t l  55 tons/hn starlding wood in  
v;~rious s;Iv;t[in;I 1'0rni;1[iorls in western Nigcrin. 13;tsetl 
o l i  ;111;1lysis of bole cores, these woody materials con- 
tiliricd 1,ctwccn 12 ancl 78 kg Nllia. When forests ;lnd 
si1vnrln;ts arc burncd,  ; I I I  estimated 10% of the woody 
plants, the srnnll branclics, are usually burned, while 
the main stems niay bc sriloldercd to various degrees. 
In savanna, standing dead herbaceous material is 
burned in addition to littcr. Herbaceous biomass pro- 
duction varics widely, and Milligan and Sulc (1982) 
reported a rangeof 1.5 to 18 tons/ha/yr, with the range 
of 2 to  6 tonslhdyr bcir~g more typical (but see Egun- 
jobi, 1974). The  time of year when burning occurs is 
important. Egunjobi (1971) reported a 56% burn in 
December for a transition savanna in Nigeria and an 
86% burn for an adjacent site in February and March. 
Higher burn figures could be obtained for the late dry 
season (scc Isichei, 1979). The  loss of C, N,  and S will 
vary accorcling to the mass of material burned and its 
clcrnental content at the tirnc of burning. 

Burning hiis for ;I long time bcen restricted to tlic 
savanna zone, but burning of forest and transition 
(bctwe.cn forcst and savanna) areas is escalating. We 
have observcd that most degraded forest.vegetation 
with abundnnt Clrror~rolaet~n o d o r a ~ a  (formerly Err- 
pu~or i r r t?~ orlorat~rtn). which colonizes cleared forest 
lands, and almost all s;tv;lnna lands are burned even i f  
thc burning may be spotty. Ajaiyeoha (1983) re- 
ported rlie following percentage losses of established 
pine plantations in five southern states in Nigeria at 
various times between 1976 and 1982: Anambra,  38% 
(90 ha); Bendel, 50% (32 ha); Ogun (percentage loss 
not available but 62.8 ha measured); Ondo,  36% (81 
ha) ;  and Rivers, 1.5% (3.5 ha). Kadeba and Aduayi 
(1985) reported litter production values in 7-9 and 9- 
11-year-old northern Nigerian pine plantations of 3 
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1-ittcr liill 
Locnt ion Vcgctntion type (tonslhalyr) Ilclcrcncc 

Olokenicj~ Forest 7.2 I lopkins (1000) 
Olokcrncji Forest 5.6 hlitdgc ( 1905) 
Ibadan Forest 6.9 sivirt ct ;II. (1981)  
Olukcrneji Forcst 5.Y Isicl~ci ( 1979) 
Sapoha Forest (mature) 8.7 Oguntal;~ (1983) 
Orno Forest 4.6 I Icipkin~ (1906) 
Sapoba Forcst (young) 6.5 Ogunlnln (1983) 
Olokcmeji Plot A Savanna 0.6' lsichci ( 1979) 
Olokcrneji Plot B Savanna 3.6' Isicl~ci (1979) 
lghcti Savanna 1.3' Isichci (1979) 
Borgu woodland Savanni~ 2.7' lsicllci (1979) 
Uorgu Savanna 1.5' lsichci (1979) 
Mokwa Savi~nni~  2.4 Collins ( 1977) 

Plarrtatio~~ Species 
S i ~ p o b ; ~  Triplocltyro~i X.2 C)gunt;~l;~ (1983) 
S i ~ p o h ; ~  Ntrrrc.letr 0 . 5  Ogttnti~l;~ ( 19x3) 
Orc (;111~1irt[t 10.5 ( ) ~ ~ I I I I ; I ~ ~ I  ( IOX3)  
G;~mh;~r i  (;111(~1i1111 10.4 Ogtrnt:11:1 (10x3) 
GiirnI):~ri hlt,lia c o ~ ~ r ~ ~ o . s i r ~ r  5.2 O p ~ n t i ~ l ; ~  (1983) 
Cianlhi~ri Ntrrtc11,rr 0.2 0gunt;lla (I9X.7) 
Ih;tdan 'l>cro~rtr 6.5 Ogi~nt:tla ( 19x3) 
t\lilk;l fJit~f[s (0- I I yrs) 3.7 Ki~dcIxt ; I I ~ L I  Atlui~yi (IOHS) 
Alilku f'ir~lts (7-9 yrs) 3.0 K:ttlch;~ i~ntl Atlui~yi (IOHS) 

. -. 

a. Indicnlcs leal litrcr plus floral parts, ctc. 
h. Ogun~itla has intlici~tcd that rnost pl;rnration littcr is Icavcs. 

and 3.7 tonslhalyr, which was estimated to contain 15 
kg Nlha. Assuming that only litter was burned in 
these southern plantations, and assuming the same 
nitrogen content, N emissions from them will be  4035 
kg. It- is estimated that about 2000 ha of forest zone 
plantations are  affected by fire annually. 

Based on Landsat images of the Kainji Basin of 
northwestern Nigeria acquired on 2 1  October  1 9 8 6  
(when the savilnllii was at its growth peak) and on 1 8  

December 1984 (shortly after  the annual savanna 

Timber processing amounted to 11  million m1 in 
1982 (Alviar, 1 9 8 3 ) .  Woocl residue production (bark, 
sawdust, and shavings), estirnatcd using a residue 
generation factor of 17.6 kilograms of dry wood per 
cubic mc1er woocl ~,roccssccl (lillvirorl~ncnt CanAdi~, 
1 9 7 5 ) ,  is 193,600 tons per year. This residue is dis- 
posed of mostly by incincr;~tion. 

burning), Isichei (unpublished data) estimated that 
Methodology over 70% of the area had been burned.  Altllough i t  is 
According to Seilcr and Crutzi.11 (19XO), thc fo mount to be noted that burning is spotty, this areal extent of 
of biomass burnt ( h 4 )  is givcn b y  the following equn- burning is applicable to most natural savannn forma- 
Lion: tions in Nigeria. Bushfires are a comnlon phenome- 

non in the West African region, and their causes are M = A x n x u x p (21.1) 
the same throughout this region (see Ampadu-Agyei, 
1988). I t  is estimated that 20.7 x lo6 ha of savanna where 

and 2 x lo6 ha of semi-deciduous forest are  burnecl A = land area burned (ni21yr)., 
annually. Ca h' = biomass density (kglhn). 

As with rnost developing countries, fuel wood re- 
n = fraction of bionlass in thc ccosystcm that is : I ~ O V ~  mains an important source of energy for the rural 

population (which accounts for 70% of total) in ground, 

Nigeria, Ii is estimated that 80 million cubic P = fraction of tllc above-ground I7iOmilSs that is 

(rn3) of wood are consumed for this purpose annually b ~ l r n e d .  
(FAO. lOX1). 



A I I  eniissiorl faclor was then nppliccl to c ; ~ l c ~ ~ l ; ~ t c  
the Inass of COz cmittcc\ from the burning of the 
biorni~ss. I i y  crnl>loyilig t l ~ c  ~riolar ratios o f  given trace 
spccics to CO, (scc Crutzcn ct al.,  1985; I-lao ct rtl., 
1089; c t c . ) ,  the emissions of thcsc tracc gases arc then 
calcul;~tctl. As noted in tlic previous scction, thc hio- 
mitss dcrlsitics in Nigcrian ccosystc~iis cover a wiclc 
range. -1'hc biorn:rss tlcrisitics. fr;lctiorl o f  ;11>ovc- 
grourltl h ion~ ;~ss .  imct burning cfficicncy ;~dol>tccl (scc 
'E1l)lc 2 1 .2)  wcrc crlll,loyctl to coniputc tlic emissions 
surnnl:~rizccl i n  T:lblc 21 .3. 

I'ublishcd cnlissioll fluscs (scc L)cl~nits. 1982; IS- 

. ' C I C I I O ~  

I i io~i iass  ;~l>ovc Burning 
rlcnsity grouild cliicicncy 

11iorn;r~s ~ y p c  (kg lh ;~ )  (9L) ("/.I 

S ; I ~ : I I I ~ ; I  
Woody spccics 2 0  0.6S" 25 
I Icrt>;rccous s l ~ c c ~ c s  0 0.47' 75 

; I .  Mc~i;rrl[ ;rntl Ccs;~r (1062) .  
h. Scilcr ;11i(I Crulze~i ( I O X O )  

Mcll;lr Mass crnission of 
cii~issiori sl>ccics (Tg) 
r ; ~ l i o s  
rcl;llivc S a v a n n a  h ~ r c s t  

Spccic.; to CO, lircs fircs 

CO: 

CO 

Cl I, 

NMI ICY 

CO!' 

NO,' 

N :O 

NI  1 ,  

I IC~NICI I ,('NS' 

a. CirceriI>crg c[  al .  (lOS4); C r u t z c ~ i  el i l l .  ( I V H Y ) .  
h. Il;lo cr 111. (1960); Circenbcrg ct al. ( I Y H J ) .  
c .  NMFIC = norin~crh;lric hydroc;irbons cxprcsscd ;IS ( 3 1 , .  
d .  Crut7.cn cr n l .  (1985); Donsnng (1990). 
c .  Nguycri (1990). 
r .  NO. - N O  + NO,. C Y ~ X C S C ( I  NO. 
F .  C ~ \ I * : ~ , I I  C I  ;!I .  ( l 0 6 i ) :  ll:ra ct i l l .  (I'ISO). 
Ii. H :~J  cr :I!. (1989); Crutzcn et al .  (1985). 
i .  A.ndrcac el n l .  (1084). 
j .  ; IC'NICI l , ( 'N ,  csprcssctl as I~iCN. 
k. I1:1o ct ; ! I .  ( I Y R O ) .  

ichci ancl S;lr~forcl. 1080; i ~ r ~ t l  Ilobcrtson nnd 
Rosswall, 1986) were also employed to calculate the 
ovcrt~ll emissions from known I;~ncl areas in different 
ecosystcrns. Closccl forcst, opcn woodland, and scrub 
(31 x 109hn in [ot;tl) rcccivc some 460 x lUhkg N in 
tlic ;tn~iuill rainfall of 1200 to 2000 rnm, assuming 15 
kglli;~ as the arnounl of N returncd in rainfall. The rest 
of tlic country rcceivcs aboilt 300 x I O h  kg N per ycar, 
assuming 5 kglha ;IS. tlic amount rcturrlcd in rainfall 
(I<ol>crtsor~ :11icl Rossw;~ll, 1986). 

Delrnils (1982) ob1;linctl ;I; cn~ission vali~e of 1.4 kg 
Slha froni silvanna burning in Ivory Coast. Applicd to 
Nigcria, this woultl result in n value of 29 x 10h kg 
sulphur cmitted ovcr 20.7 x lOhl~;1 elf savanna us11;1llv 
hurncd i~nnually. f:or t l ~ c  2 x 10" ha of burricd scrni- 
dcciduous forest, the sulphur crnission is esti~riated 
based on 0.2% sulphur content in woods (Bowen, 
1966) and a biomass clensity of 80 tonslha as 8 x 10' 
kglyr. 

Fuel wootl burns almost completely. Assuming a 
burning efficiency of 90% encl using the emission 
factors rcportcd by Dascli (1982), the burning of fuel 
wood gcncratcs 5.84 x IOH kglyr of particulate mat- 
tcr, 6.42 x lo" kglyr of C O ,  8.76 x lo7 kdyr  of 
hytlrocnrbons, 4.09 x 107 kg of oxidcs of nitrogen. 
and 2.60 x 1 0 h g I y r  of bcnzo(a)pyrenc (sce 
Akercdolu, 1989a). 

Impact on IJiogeocl~eniicnl Cyclir~g of Elen~er~ts  

T h c  ~nontlily No3 concentration reported for Calabar 
s l~owed a significantly higher value for January (rnorc 
than twice the annual rncan value) than for other 
months, which was attributed to bush burning ernis- 
sions (Et tc  arid Udoirnuk, 1984). Rrornfield (1974) 
also reported that a cornbination of low precipitation 
amount and high input of ;lnthropogenic-S in the form 
of ash anel g;~scous-S rclc;rscd during bush b b ~  rting by 
farrncrs was responsihlc for vcry high concentrations 
of S-SO, (about 10 lirncs tlic annual mean) in rainfall 
sarnples for I 1  sitcs in northern Nigeria. Ash and 
c;~rbonaccotts mr1tcri;ll wcre found on thc gauges a! 
thc April collection. Jorics and Wild (1975) concluded 
that thc only source o r S  for thc Wcst African savanna 
soil apart from fcrtilir.crs is the atmosphcre. Brorn- 
field (1974) found 0.099 to 0.429 (mean 0.226) kdha  
of sulphur in dust nntl 0.49 to 1.89 (mean 1.14) kg/ha 
of sulfur in rain. 

Nitrogen loss by burri~ng from natural grasslantl 
ecosystems in savannn locations in western Nigcriil 
was estimated to be 12 to 15 kg ha-l yr-I (Isichei and 
Sanford, 1980). Joncs ; ~ n d  Brornficld (1970) report 
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the meari mineral N in rain in February (3.11 parts per 
million) (ppm) ,  u,hicti is almost 10 times the annual 
average (0.37 ppm) and has a lower N1-1,-N:N03-N 
ratio (0.86) than the annuirl average rirtio of 1.20. This 
supports the hypothesis of volatilization of NO3-N 
through fire as the predominant source of N in Febru- 
ary. Also in support of this hypothesis. lsichei et  al. 
(1990) obtained a nitrate-nitrogen concentration of 
0.8 milligrams per liter (mg/l) in March,  the first 
month of the rainy season after the fires, 0.4 mgll in 
April, and 0.2 mg/l for the rest of the season encling in 
October. Robertson and Rosswall, 1986 estimated 
that fire accourlts for the bulk (about 87%) of all 
nitrogen lost from West Africa. According to those 
authors, approximately 8300 x lob  kg were lost by 
this pathway in 1978. About 67% of this loss occurred 
on.clenring and burning forest vegetation, less than 
4% via burning crop residues, and the remainder 
during near-annual burns of savanna, Sahel, and sub- 
desert systems. 

I t  is of interest to know whether the inputs of the 
magnitudes estimated above have detectable impact 
on the lower troposphere of Nigeria. Elemental ratios 
irrc commonly used as tracers In source apportion- 
ment studies. The  ratio of WFe in the ambient partic- 
ulate matter  Ilas been used as ;I tracer for firewoo11 
emissions (e.g. ,  Wolff ct al.,  1981; Courtney et ill., 
1980). 7.wo different elemental ratios were calculated 
from the data reported for Bagauda, a rural location 
close to Kano, and Ile-Ife, both in Nigeria; Pelindaba, 
South Africa; and Chilton, Englnntl (sce T i~b le  21.4). 

Most sources have WFe ratios of 0.35 or  less 
(Dasch, 19R2). T h e  WFe ratio for wood smoke is 
between 15 and 230 (Watson, 1979, cited in Dasch,  
1982). Therefore the ambient WFe will increase i f  
wood smoke is a major source of air pollution. Crozat 
et al .  (197%) found that zones with v;rlues of (Cn + K)/ 
(Nil + Mg) r;rfio higher than 3 corrospontl to those 

Bagauda,  Nigeria 0.3 3.0 Bcavingron and 
Cawsc (1978) 

Chillon. Eriglilnd 1.6 1.6 Deavinglon i ~ n t l  

Cawsc (1978) 

Pc l ind ;~h ;~ .  S . A .  (1.4 4 .  I Beavington i ~ n d  
Ciiwse ( 1978) 

I - I f  r i a  0.  1 3 .6  Akcredolu (19XOh) 
---- 

where bush burning is witlcspreacl. I t  is clear that the 
elemental ratios for Chilton contrast with those for 
U:rgauc!l. Ile-lfe, ;tnd i'elintl;~l);~. I t  also appears that 
high contributions fro111 soil-derivctl Fe may havc 
macle the WFe rr:~tios for t l ~ c  I;~ttcr three locations to 
be low. 

It is estimated that sav;tnniI ant1 forest burning gencr- 
a t e37  X 101'ttons per yc;lr (37'rgIyr) and 17 x l0"ons 
per year (17 'Tglyr) of COz, rcspectively. For a cum- 
parison, the gritlclcd C 0 2  ernission data reported by 
Crutzen el  al. (1989) when interpolated over Nigeria's 
latitude and  longitude coortiiriates, yield COz emis- 
sion estimates for savanna a n d  forest in Nigeria as 35 
Tglyr antf 15 Tg/yr, respectively. Tlie estimated CO, 
enlissiorls estimirtcd i r l  this work is equivalent to a 
carbon flux of 550 kg C/liit/yr comp;~red with 3600 kg/ 
ha/yr cstiniatcd by Dclni;~s (1982) for Ivory Coast. 

T h e  cmissiorl of nitrogen i n  ; i l l  the species protlur-l,(l 
by biomass burning (inclutling fuel-wood burning) 
was estimated as 2 x lo'' kg N/yr. By comparison, 
prorating the estimated nitrogcn emission frorr~ bio- 
mass burning ohtaincd for West Africa (Robertson 
a ~ ~ d  Ilosswirll, 19S6). o n  I l l c  I>:~sis of land ar:a, nitro- 
gen emission for Nigeria iinloLrnts to 1.4 x 10" kg 
Nlyr. Thus ,  b o t t ~  e n ~ i s s i o ~ ~  cstirn;rtes are in rough 
agreerncnt. Grecnberg ct nl. (1985) reported C O  flux 
from fuel-woocl burning in Kcnyil as 0.4 g cm2 clay-'. 
O n  this basis, t l ~ c  eniission from fuel-wood burrling in 
Nigeria is estimated as 1.3 Tg. By comparison, 6.3 Tg 
was calculated in this work. 

Comparing these emission estimates with those for 
energy-relateti fossil fuel combustion in Nigcria 
(Akeredolu,  1989s), the ri~rios for biomirss hurning 
emissions exprcsscd as Ixrccli tagcs of fossil fuel emis- 
sions were 35% (for C'C):). 1~17%, ((tor CO), and 5% 
(for NO,). 'l'hesc values suggest t l i ; ~ t  biomass burning 
generates n me:rsural~lc irn[xrct on the cycling of car- 
I7on irrid nitrogcn. With s~~ l l> l iu r ,  n o  data wcre found 
with which to con1p;rrc tlrc estini;rtes. 

There  are ;IS yet no reported tlircct measurements 
of emissions of carbon, nitrogen, and sulphur in the 
Nigerian cnviro~lrncnt. I!xtr;~pol;~tions hcrc 1i;tvc 
been based on the cornposition of the sources bef'orc 
burning. The  accuracy of rhc analysis of the chemical 
cornpositions of the vegetations is, however, not in 
doubt ,  so  that at their face v i ~ l ~ r e ,  the estimates are 
fairly reliable. Most cstimn[es have been pantropical 
(see Crutsen ct a l . ,  1989) ant1 therefore involve ex- 
trernc genernliz;~tioris. 7'he present estimates will 
help in arriving ;1t bettclr gI(>I~;rI cstim:~tcs. There arc 



Ilowever, some assumptions medc wliicli would ncctl 
to he v:~lid;~ted through further cxperimcntation. 
1-irst, the crrlissiori projections arc b;tsctl on tlic areal 
extent of tllc: I>irrncct vcgcti~tiorl. Arc211 extent cannot 
Ilr. cnougll l~cc ;~usc ,  as we notccl, burning could be 
spo([y. 1-urtlicr, i r  is ni;~inly the Ic;tvcs [hilt arc hurncd 
botll in litter form and in stantling trees and othcr 
vcgctatiori life forrns. Ficld observations and on-thc- 
spot measurements will give niorc accurate results. 

7'licr.c is also some prornisc of improvement in thc 
cstirnatcs through thc usc of remote sensing. Rcmote 
sensing can accurately establish thc areal extent of 
burning of vegct;ttiorl and i t  can also be used to di- 
rectly measure tlic conccntratior~s of sonic pollutar~ts 
in thc ntlnosphere (c.g., Hamilton et al., 1978, for 
,COZ). 

1;uriso Akcrcdolu ;~ckrlowlcdgcs with thanks receiving 
a partial travel support from tllc National Science 
Foundation and  NASA to ntterid tlic chapman Con- 
ference on Globill Uiornilss Burning, Williarnshurg, 
Virginia, at which the ~naterial  in this chapter was 
originally presented. 


