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1.0try
Introuctio
 
Sudan is a vast the la 
 covers over 2. 5,millvon square
 

____kinete rs and -ext ends- -,f om_1 atitu e--. 4!Rto 220P nor th and-,- on - d- 603 - ast .77 Therefore, Sudan. encompasses many ecological zones characterized by. variety of 
V vegetation. This, coupled with a very weak modern infrastructt:, quntifiction 
of Sudan forestryresources extremely difficult. Normal methods fo estimting, a
~~1 cdiirLtry's growing stock,' such ,as extensive aerial~photography and 'groulnd reconn-'~" 
aissance are bot expensive 'and presently beyond the' means of' the Forestry ,Ad . 
mxini stration. 

' 'Therefore,, at' an' early date during 
' 

the first phase of'the Sudart National Energy
Policy and Planning Project, NEA staff working with the Forestry estrion chose .to adopt the 'follJowing strategy for obtaining rough' estim~ates 'of Sudan's 1current 
forestry resources. " ' '."' " " 

First, the Head of the Forestry Administration's Inventory Section, Sayed Mohammed
H-annafi Obeid, was' sent by 'the project to the Nairobi' legio'Aal Remote Sensing,
Facility (March and April, 1982) to work closely with their staff to draw up

rplete mapc , vegetation 'of Suda." "ANOSAT, inaery covering Sdan from 1972 up to 

1979 (with the bul- 'of' the imagery covering 1972-73); were utilizedin identifing
thirteen (13) different vc,''etatio" strata. Each stratum 'ersntd"'smlr~est 

type vegetation and not an ecological zone or class. ",.' ' '1, 1.-. 2
Besides the 13 str'ata there were forest plantations. As most plantations could not " be, detected on the 'LANDSAT images 'they were collecte'd from existing .'plantation Yrecords. The area north of latituie 140N 'was not classified into ifrn est 
types of vegetation since vegetation beyond' this lii stosac n scarce. to
be detecteiJ on LANDSAT images. It consists 'mainly 'of semi-desert' and-'desert type.

k vewetation. ,LANDSAT 'covei'age for this' period-,was not entirely' continuus, there were ' 
gaps in seasonal coverage and man~ areas wer'e covprcu by only one or' several photographs for the' years 1972-1979.' Further weaknesses in the data derived from the fact 
thcat many of the areas covered, particularly in central and eastern Sudan, had changed.
dramatically (primarily due to mechanized agriculture) 'in the period from 1972/1973 
to the present. ''' 

'Second, use of LAND1SAT imagery was coupled with a~systemnatic examination .of
iV 

avrulable' aerial photographs (mostly from 
'the. 1960s) a~nd numerous 'Forestry'Ad7~'
ministration studies (e.g. saw mill operations) and management 'planis (primar'ily for'
Blue Nile Province), as woll 'as forestry studies conducted' in""other' areas of; 'the ' 

cnty. 'Such groups as the Brts D Ia~gMountains in the tsouth) ,' Hunting
Ser-vices (South. Kordofan, and Jebel Marra" in Darfur), GTZ (Nuiba Mountains,' South
Kor'dofan), the joint'Jonglei 'Province (Southe'rn Region), and other groups provided 
'fairly extensive information that' compiemented anii added to information obtainedthrough LANDSAT materials. 

.' 

Finally, after studying 'Sayed Hanrafi's LANDSAT vegetation profile, the'project 
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up d asif a r a !iil ea t e, i~!i!:spo ss'i~i e s im te der ve f r o 
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doeied toesendea. nteamserasurve~ 
 fof cezn t andu
eah
sudten ars wstern aricodc
ofas posu ile an itoderived fieromvthincesw iethwskowner teat 

surveyed eastern White Nile and southern. Kassala from the D'inde'r game reservethe Ethiopian border') (ln 
representing mostly 

to Ge7 daref. Between the. two teas seerlludrdnative species r gs
'in the areas survea, werfell h ndre treAmore detailed description of this'rmethodology follows. ' ". 

2. Methodology 

., 

',7~ 

Satellite imagery interpretation 
 ~ '~~ ' -. ' 

SThe m,_ tnod used was visual interpretation ofimages mUlti7Spectral,satellit'.(LANSAT)7

.Colored 
 copoit images were 

a very used. These derlysq'x vegetation,,asdeep and initensely, redcrow,. color. during the wet, 
 .n ngermostly season wie'drn
images na' ' s' '(' indiatorof'...........,'or the dry sea'son'7
showed differing amounts is an'' L:,,of reddishnesS~' depending on the fi~amount of chl1orophyll
in then es 
 se a 'often showed areas
in tone). of extesivo fi'res (dark
The criteria used 'as a basis' for strat'iflcation were 
as follows:. 
"'
 

(a) The degree of red'color is an indication of 
' 

leaf-cover. A, very intense, deep red 
the amount of foilage and g .n


color image xipting through
,an evergreen 'tree species. Such the year indicates
 scenes were'identified 
1sbe'login
which is to stratum ONE,,.
..
 7"closed canopy forest associated with mountain areas".'7U 
7 ' ..... .7 

(b) 'Another guiding cri Lerion was, 'thethe dry exetofbungtatseason. The area of, annual fires is an ' akspcedrg .......
r, o, place.....forenst':
 
toownThete extent,f annual. fires andythegood guide te frequencystratification oxtheir occ.-renceof . 

A number of imnages at. different times ofr,.,the 

1 forest areas. is a' 

year' were7 carefully examined3 ",
7 delineating the boundaries 'of before 

7' ....... the different 
. t str~'ta.l , , =
The images used included all o I~ : .. '... . : '", 7 
.. : .: those thatwere available " ; '.. 7rd 
..477:.. o t n , h w d a . 

in the Remot
. .77 e s Nairobi
Sensing 
,:.: 

o ~ e t n & e"i..* cr " XC 
... ','7: 73Facility.Th.0 .' one teOn iaaverage,'sed aS four: scenes 7:." /x;
7)were viewdbfr..:?: ; . ,. ,':f, eseetn ,, l dar
'7''7' for- drawing h bes mote 'there77strata ed o r : i 

'"de boundaries.i nThei d ca iare most , =i.!bfoe eletined:: . ;i: ;:,; .:
latitude 140N to the southern : 'etenedestome::. il; ' 
47774 ' edge of 'the country (approximately:',:¢ .. . 7... latitude 4N).
.. 
scene ': " .: 77 Eachcovered an "areaof about l= L O O
34,.000 ki . . !U 7
of i85 x 185 1-,m..- .... e7a G
on 
,, veat co en. en'...A a scale 6f 1:1,000,000. 7e
 ... : '
Thirteen ... .. . ........ ....
an .. ...
'ee~en:res(13 strata and o or,7,a7 g . '7. 


~ - 77'7'7 one';q sub-stratumni:: 7,plantation77ree e z .,were ' .. 
he7e~..............Thesen were ........
classifiedas follows: t ng ro3''gh-defined.:'it ..... .........
'77 "o " 4 3 ' fl''377... ' ' . ' 
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~ 7a a . , 7.7
Stratum1: closed " '7 ' ;'7:' canop. forest areas 
with multi-story evergreen vegusuale
associated with Mountainous u ys'allareas. The color 
 of the scene is a, very intense ,, deer)
red during the wet season. During dry
.the seaon, tie 
red tone is also vis'ible. This
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has bentaken to indicate, 'a crown~cover of180-lOO%. These 'areasIare 'usually fou.n'd
< ~ 	 at high al~titudes ranig ~between 1,500-3,000'meteirs ab'ov se evel.I hs ra
rainfall is generally high (the highe~st in Sudan), reaching 
 annually betweenj.,500mi-;'Z1 ~taum- 4OQl ude -,the-ntainsig- an h--Sogo ern 
Region. '
 

: i'*. Stratum 2: 
 a!so associated with mountainous area 
 but shows lower cro-wn coverage of
' between 70-80%. The 
scene during the wet: season is usuallyvery red in color, It also
shows red tone during the 6ry season 
indicating an.evergreen forest cover'and a multi
story/4orest' formation. 
Stratum 3: the wet season scene is usually reddis"h-brown in color durig 
the wet
.season. Durihg, the. iry season, 
 the scene j,9hows a small degree 
of fire occurring

annually, indicated by 
black colored areas in each 
50-70%. It includes, for the most 	

Sce n., This has a crown er ofpart, 'high rain~fall ''savannah woodlands. 
This type
of vegetaticr. is 
particularly characteristic of the ironstone -region and occupies
most of
mahr el Ghazal and Western,Equatoria Provinces in the south.
Stratum 4: images show brown .colors during, the 
wet season. During the 
dry season
 
thepe. is a moderate degree 
of fire occurrence. 
This area is considered to have a
crown cover 
r betwee.. 40-50%, This i'. broad leaf savannah, woodland 
with a

rainlall above 800mm., 
 -.
 
Stratum 	5: images show light 
brown tone colored scenes during th" wet season 
and a
degree
h 1'i,. of fire occurrence during the dry 
season.-	This, stratum indicates crown
S
co',r of 30-4004 and is 
usually 	found in low rainfall woodland and 'avannah, including
botn low rainfail woddland savannah 
on sandy plains and 'the claS 
 plains of savanah
 . woodiand with up
StraPtum.6 
 very; deep,brow tone,
to 600m'of an,,ual rainfalli. .n 
 ..... -::0-,, r
 

deree. f firye 
 brown t co'lored,',images during "the wet season and a- high
d--.e, of fire ocrurrence during the drys eason characterize this stratum. The forestcrown cover is considered to occupy,less 
 than 30% of ithe 
total area 
of each scene.
This has 'been stratified as bushland with 
low rainfall 'savannah wo dland including
both sandy plains and clay plains with up 
to 400mm of annual rainfall.
 
Stratum 7: consists of scenes which have 
a red tone during the wet,season..
During
the dry 	season most 
of the area is subject to fires lea'ding to darge,patches of dark
colored areas on satellite, images. However, 
areas along water courses are red:- in
color during the dry seasons." These are classifid as riparian forests 
along rivers

and drainage' courses 
(e.g.- khors/arroyos).
 
Stratum 8: scenes are deep red 
during the. wet season. During the dry season most of
the area continues 
to show this reddish 
tone. This ,indicates a persistence of green
foilage 	throughout the year and has been classified as 
swampy vegetation., -

Stratum 9:, deep red in tone ,with a.roads 	 regular pattern of irrigationwhich are easily recognized on, LANDSAT 	 cana]s and serviceimages._ This 'stratum' is clasified as 
irrigated agricultural land (comprising over 3 million feddansof the 
area d). .ud.i 
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Stratum 10: shows scenes which are deep red during the wet season, with large, square 
systematic patterns. The images usually have black tone during
a 	 the dry season
 
indicating the annual occurrence of fires. This stratum is classified as dry land 
mechanized farming.
 

Stratum 11: characterized by scenes which are deep red in color during the wet season 
and which have irregular shapes. During, dry seasor.s most of the area is burneu by
fires. This stratum has been classified as the shiftin; cultivation zone. 

Stratum 12: typified by scenes which are uoiep red ,n color during the wet season. 
During the dry season most of the area is cuvered by fires and is classified as tall 
grassland.
 

Stratum 13: areas that are deep red in color during the wet season and show consider
able L_z-rark during the dry season, but also show patches of r dish tone. This stratum 
has been classified as tall grassland with scattered trees.
 

Table 	1
 

stratum definition/description
 

1 Closed canopy montan? forests: appears very dee r) red on !,ANDSAT ina,,'es. 
Associated with highlands, hills and mountains. 80-100l crown cover. 

2 Neadv-closed mcntane forests: appears red on LA..'DSAT images. Assoc:oted 
with highlands. L,0-80% crown cover. 

3 	 Hig.h rainfal I savannah forests: appears reddish brown on LANDSAT images. 
In area of 900-1,500mm annual rainfall. P-. , crow. cover. 

4 	 Savannah woodlands: annual between and 9 40-50% c.: ,wnrainfall 600 	 40mm. 
cover.
 

5 Low-ra:nfall savannah woodland: annual rainfall between 400 and 600mm. 
30-4Q, crown cover. 

6 bushlan'is: annual rainfall approximately 400mm. Greater than 30% crown 
cove,.
 

7 Riverian forests: found along river drainage areas, "khors" and rivers. 
Generally not continuous, diffused. 

8 Swampy vep-tation: found in large swampy areas with poor drairne, frequent
ly stanuning water. Trees very water-tolerant. 

9 Irrigated agricultural land 

10 Mechanized rainfed agricultural land: characterized by very symmetrical 
patterns. 

11 Shifting cultivation land: irregular shapes, changing from year to year. 
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-12 Tall grassland 	 ~
13,; 	 Grass ' with trees: sparse vegetation usually scattered over areas of rough

contours. 

14~' 	 Forestry Administration plantations: Acaciq N'i'lotica and Eucalyptus spp. 

S2.1. 
 Aerial 	photograph/ and exist'ng studies rft 
It must' be remarked that LANDSAT images used by th'Qmselves do tnot ef& t

volume of forests nor species composition. The only'' way to determine th actdalPi' 
composition and true volume of the existing forest cover is through ground su Veill-. 
ance. However, groundwork is very tiecnsmn and expensive,thrfeinextens
iye,, proper forest inventory .was~inot possible. Available aerial photographs 'can, be- ~ 
(and were) used in 'different forms tci'-ender forest inventory more economically'
fe ._ible *and LANDSAT impagery provided an'available tool for making- initial inventory
'es*t'iates. As stated above, this technique was complemented by the use of available
aerial photographs and limited gr'ound! reconnaissance. For many years, the only avail-' K 
ab:, .data on forest ,esources for the 'Sudan were the' prelimninary rough, estimates 
cai-ried out by J.K. Jackson *for the Food and Agricultural? Organization of the United-
Nationrs in 1960. According .t6 Jackson's'estinates out of' the 2.5 million km'2 of the
tonidl surface' of the Sudan, productive forested areas were assumed to' cover a' 55
th. .3and km' (18% of total area) with related total' volume (or growing stck of
1211~ million m3 and. annual allowable cut of nearly 200 million 'M3 . The'.totalwood 
vo: _~econ~sisted to a large extent. of ftue.1wood~and -sawnr timber' resources and, to~a
it-,- r extent of' building poles, gum arabic and dom nuts. 

. ackson 'stated that the
-' 	 study was a rough estimateQ' <,; .':.u , . ,Y, 	 of forest resources of'the,,>-r .v
•,: ,. 	 -, ' :< - < 

sound 
¥ ,T,' , 

'Many 
'/:..:.~ 

-
,.:_,Si,:'n, ?'since ...adequate 	 available >at.. time , ,,.. .. - no '••.... data, ?....•....were,.:-, ,.-, - , .-the, •,:i • ,.,,'................ ' .. . .. a l1as a d .... . .... 	

for a estimate.,U.? . ..

'............... . ..
 ... . . .. .. ............ .......
a o f te Cigures used in'the 	 ..•.. .....r~eport' 	 were merely guesswork':with a margin 1of even as-high' " 

0%.0As an example, Jackson assumed an annual yield 'of sawn timber fromI. all, ' as ':'hlK -'Li -> ,v.: < , . ':,: , " i:" ".''; '.7.' : '- '",'!'' " , I ':<,,( - - ..,:-Kf. 'I*! : Y . , % ..,;,I 

pov-,ntial accessibl~e resources in the Sudan 'of' 15,4,750m3 /year (17,200m3 /year ~for 
: ,1 e 	 zn cc
ty 	 n
northern.

- Sudan.o-. and l3755OMzta3 -plna'1dz : 1t a .ndEu ly usSp .,

<',i' < . .. . . . for southern Sudan).*
. 'L.::".: : i " . . .. . . .. . . . .. . .. .., . . . . ..
!,is est'imates were based' on two' rough:, methods for estimating annual yield


(Brandis' . ... ,I. 	 ...and Von Mantells formula) which seemed.justifiablerat the time because *.ol1r 
' ! m s b :r I'-m rk dt a '.: 'ADAT im g s1u e :b ::i:.t~ {: 's I.' ) .'II1i, .)~i 

of 
th,' unreliability of the b'-ailable data on growing stock.
 

..l1:-.• ol m 	 •
f:f r t .a e€ies, m o itio'.' he
.he Brandis 1 method 	 n y w~:i o' h '!th 'adefines the yield as the ratio of the volume produced by the
tr",s over the girth'ine; o~vr rudok. limit to the time takeney:tm=osmn to ndepniereplaceL growing stock, called, theei i'~e
:i .,i e,: popr:forstineni~r
cutt:ing cycle. 	 :asi ht 5osile": vala]"ei~er -iar: Ib;g~a'h-;
In a case where the growinghstock is'known, Von' Mantel's method defines'
the, yield as the ratio of total growing stock to half 'the rotation. Recent small
scile inventories 1carried out in the Imatong Mountains'by'ODA, the Jebel Marra region
bl' Huntings, Bahr el-Ghazal region by the. Forestry Administration (for saw mijls)
an(, the managed forests specifically, in Blue Nile 'region, have clearly shown that.
the assumptionis used in th'ese two methods are not valid today (high yield figures
and low cutting cycles). ' ''''' 

According to a recent FAO report, industrial and non-industrial plantations were
est--mated' to cover over 185,000 ha (1980). Ilndustrial hardwood species which, ,cover 
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3 kilometer measuring points,,ifie, team, selectedthese. areas. However, -sites adjacent to but' away, fromin areas cleared for mechanized farming, the teamsrpotd
tree-coverage as zer& 


bu redcethe Bec iIy followed sameth 
Ipares of uv 'vice the team mu~ch the procedure. ~ ~ ~utredce ara 1 f~achiireyPlot to 0.5 hectares (100 meters by 50 meters) .The:,)reas on for ireducingthe size of' the plots was a far greater~ human~ impact on 'he U1:,:vgetation an 'dsr omore closely-examine existing natural cover. Agaip, plotswere andesd srwe~side oflaid .on either the. routes one kilometer~away~from2the"rods. Diameter'measurement classes were reduced 'from 4m to 2cm, to better' record the volume. 'In the

central and northern parts~ v irtually no native 
of Blue Nile some 32 sampbs were laidout, with 15 showingforests or trees (due, primar'ily, to cu~ttin~g f'or mechanized <i 

In White,,Nile" Province, 11, sample plots were laid out uigtesm,, tcnqe 
nr northern areas of Nile Province. 
Out of this total
 

.reported'
,only one plot was s cleared of all natural forest v" ...
ati.n..
Thirty sample' plots were takenused in central and northern 
in Kassala Province using 'the, same methodologyBlue Nile.'Outf. this total, 2], or 
over two-thlirds
of the plots surveyed, were devoid ofyi atural tree vegetation. The remaining nine
showed significantly lower 
vegetation 
 cover and 'volume,
tree than had ever been'estimated 
by the Forestry Administration. ,vir tually the areawhole of.south.central
Kassala Province has been &Ieared'for agriculture (primarily mechanized).
 

Th 3.0 Classification of the_ vegetation of the Sudan 
 " 

The stratif....it.on 
 based. on theclassification without any 
LANDSAT imagery denotes. only' density typeclue to the vegetation cla.ifi.ati.n type as, shown in ' eco ogica'.cla..sificaton. Therefore, 
a chapter on the ecological classifihon ofthe Sudan was deemed, important to work out the total 

cut. 
volume of the diffrent stra'taI,and the allowable 

. . 
Sudan is a very large country with great Y'variation ir, natural vegetation. Thediversity and density 
of Sudan's vegetation ranges from te desert-type in the no h ..to rain forests in the south. This variation is an outc ome of e cological f,,.e. onsible . the.. . ...... .. .. and........ for.... formation ........ ......
distribution, ofo plant species".... ThereThr i..is' a broad -" ",'.plant' species. 

'.correlation between amountthe of rainfall and soil texture, and .the height, diversity
ant. thicknessof the vegetation that they support. .Man can also be' conidered as an
important factor 'in determining the types offrom the effects of cultivation, grass fires, 

trees ard grass that grow, because apartwhich annually sweep across more thanha :' the country," are almost invariably o- human origin. These ecological factors-;:can be summarized as follows; 

.
 

3.1 Ecological factors 

3.1.! S oils - '
 

., .... , c i h u 
The following is a general classification of' soil types wh"hwhic h ociui i the SuOdan.and which have a direct influence, togeth'er wqith 'rafinfal, on the fr i 

I' 7

1rT 

http:stratif....it


* distribution of vegetation types.
 

3.1.2 Desert soils 
' 

These soils are found in the northern desert, and semi-desert parts of the KSudan
 
that receive less thanI 200mm mean annual rainfall. The soils are produced by the
 
action 'of erosion. Nubian sandstone rocks are eroded by the action of heat and blown
 
sand, and from skeletal soils, underlying gravel and clay flats. The main -character
istics of these soils, are are
that they unstable,' loose and windblown. Under 'the'in
fluence of the prevailing norht-easterly winds, the loose sandy soil is blown in
 
sheets moving towards the south forming,,what is known as "desert creep". 

3.1.3. Stabilized sand dunes (o) 
 ' ''Y 

To the south of 'the desert andV semi-desert belts, large areas of western and the
 
northern parts of' central Sudan. are covered by stabilized sand dunes. They consist 

of large-grained red sand making 
about 40% of the soil composition, with PH values
 
varying from 5 to 9, and with little water-holding 'capacity. Their content of.mineral
 
nutrients and organic matter is low, but they" have a high water permeability. These
 
sand dunes remain stable if left undisturbed, 'but the combined action of shifting
 
cultivation, overgrazing and other human activities is changing the stability of the
 
dunes and gradually reverting them 'to the unstable sands of the semi-desert.
 

3.1.4 Clay plains • .'.:.
 
These soils, often' known as "badob" in Arabic, are dark, heavy alkaline, almost
 

.impermeable, soils. They' cover large plains in eastern Sudan around the White NIle
 
and Blue Nile. They have a 'clay' content varying from 60% upwards 'and, are! alkaline
 
(PW approximately 9.0). The lower horizons are hard concretions of gypsum and calcium
 
carbonate. In the dry season, this soil is characterized by shrinkage and the formation
 
of deep cracks, which close up in the rainy 
season. Excess water is 'not absorbed and
 
such action leads to flooding during the rains. Non-cracking clays occur in many,'

small,' scattered with hard during the and run-off
areas a pan dry season surface 

du' ing the rains , .
 

3.1.5 Red-ironstone soils ' ( . 
These occur on 'undulating ground in southern Sudan, where the rainfall exceeds
 

" 
800mm. They consist of red, heavy, sandy loam of various depths overlying'hard layers"
 
of pea-iron nodules or harder ironstone rocks.' The depth of the :layer below the


),, surface varies from a few centimeters to a meter or more. In places'the upper layers
 
have completely eroded to 'form a flat the is'
ironstone 'pavement. Generally, soil 

~acidic andl the PHi value ranges" between 5-7. Acidity increases with' depth.
 

'7 3.1.6 Silty soils' 
These are of alluvial origin, where small particles of silt are carried,by annual 

and seasonal, floods ';and deposited along banks 'of rivers and valleys 'and' on''floobd 
.,plains. The important characteristic of this ' soil. is that it is light and well
.drained. It can carry a rich growth of annual and perennial vegetation and can form
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, ................ ..... , ...
.... . on 	 4.. 'mat4'Jebe 
' V "' "t' 

the? :In 	 " "' "...::::'~e:parent ,:rocks. .. :ele vated !sandstone:: hills" and" i gneous; formations, i rapd erosion
 , c,ontinually forms' talluvial deposits., The volcanic forto f Marra !hasn 	 .......l 

. . , produced^.....a 	 . .... soil of volcanic. ,tuf~f. andoesetat(on, 	 These. sooils.... remarakoe 	 depending on althtude ash. 

and 
.. 
rainfoal.

hilly... carry. . a bl v:;'evariet 

3.2.0 Climatic f'actors 	 : 
3.2.1 Rainfall .lsGenerally, rainfall 	 . .... .plays a major ro and and 	 "hefrmetion support / o egeatiof


'agrowthina
l' cot y that can be described as aeneraly arid or semi- rpd.

continuall Sudnr nallincrepsis. Thl vonorth 
 tio southf AtbelMarra h 

:-thenorth. reaches itsthemaximumrainfall is O.mm, inreseof l00mmnictu and ndstaiy. e ....- i eMaraash 	 The arra0m etr!Sda~ varietyreceives hiohernrainfall due to the 	 a l t i t d e T h eeffect of " u .	 areain -ToPsa 
.Equatoria l e s s 	 s

receives rainfall than areas at the same aitude and latitude to the 
eInthe ycentr ral pa s a mOr r ins usually fali a n the summer f o 45 

onths, lasting fom May unt l October In the southern eion the rai-fallca extend
up to 10 months starin in carch and continuing unti No'o oer The R d Sea hin
heandthe coastal plains receive winter rains in December, January 
 .entra....ud
..a
 
addcheon to summershort showeors.f .. e..M..r, Darur,r 	 The effect of rainfall on the vegetation atpe is obvious Th densit anodiversity ofe vegestation increases with the increase ofalainfa n ltienrthe
 
areas, we 
fnd desertand sem-desert types, and in the central 'areas,ofnveletationgwhile 	 summer fr5psin the southern Sudan we 	 find some rainf forests.ne n
 

rs
Te e,. vegeta ind minmume temperatures inrthecoun ri tend Itodecrease rsone 

goes southwards. For example, at Abu Hamad (in the far north) , the mean maximumetemature 'is 370C and,, mean isminimum 21.4r0C. At Meridi (in the sou)th) the meanmaximum is 18.10C. Higher temperatures are generally associated wi'th higher ratesof evaporation, increasin 
 from the south to the north.
 

3.2.3. 	Topography...

The Sudan is essentially 
 a country of vast plains extending over the main central
 

and easterna eas. ,The plains are 
mostly flat, interrupted by stabilized
and 	a few widely,,separated groups of hills sand dunesand 	 mountains. The country is divided from
south to north by the Nile and its 	affluents.Generally speaking, therefore, the effect of topography on vegetation is limited
and only confinedato: 

4' 
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s ,.
~th .......- mas 
, ....... 

mou tai .ifs... . on .Jebel Marra. (Darfur), and: Imatong and ..........
Mountains (Equatoria) . . -. . oto a ..... 
. .
 .,.... - . .. ... . .. - ,. n 
t na "'":'
,(
i the :smaller 'hills) Hi l B ueof th Nuba:? Mountaf'ns:?: ' !:;"(Kordofan),: : 'Red Sea (estern rg o~ "i(i!!:;i;::. 


i~i~~k";;!
. (ifii) 
 the'upland country of Southern Sudani;/ : :!'::.; ,;
 

.3.0 Biotcfactors 

" 

... iThei i';:::: absenceprite of- land :use planning wit... .... ' co together' lac ' ount atin 
 Jen many af o~f: essential
his on parts , thecountryappl;:' icationtoaosevere lano ! 
'4' 

detein,eg ior tio., and .. ea io y...... 
 aes Thin• In the: Sudan,) pthe o f the lo s . uba :traditional. cultivation- isedto land a n d ra....tised,;. ..
tan a caused theremoval .
 
3.30portc
: :vegeationof:i fuhaosAccanuia
.. . areas .around cultivated......ia . . coverHills.(BluerNile)in .. .. .... .. .l, h l'and. These harmful prac-ti.ces, are,temperature, poor r-,ore":::" t;°L"
thieatened soilng whic-a ; i
soil erosion and desert 
Sudan.: ,M...... r, the A belt :nad ...
 
disappearance-of the existin
Acacia....... ---cla. 
 flra and :thei
y belts' are threatened by ,thispl: '-mn with ounwise: land us hcsei as ofc'a,]sed-1;..S ;i: : 

The mostdestructive form of land
spreadin use at pesent is-omelchanieed
ove vastareas in the claypiniaon S u a n farming. i
centraol ' esecial ine e,ed
Nile, White Nile, Kassala and Sout n K ... 
y 


Sdfan; provin
.t. cu ati is'pate,
o harmful effects on the
'coounrytself. The 

existing ecosystem as well'as on the treof ve, talonresult Tinalis that manynative s i n cisppeared in aras. 
 " 

ii'/:.=iUhdtr severe human 
 oc pressure.~i
li es .....
imotneschaaccanuias 

.. 3'%':.
 

-.-vegetationA,:, cover sufee.' eai' i,inthe Sudanr'Grazinglin central ,:;-

f nimals! contribute ,greatly, in determining th Thesafu }::atr addstiuto rarectedincasaorio ro
 

moe ent ,during te
especiialy in r i.. season..and ".. "'.""" ; southern move'mentl r ycentral Sudan. Overgrazing under difficult co " dite"oorrny 
les.oseasonQ.r Thz-se"i}"movements, durin gLthe d

from 'north to south and vice versa ::...' ,'
havei cr'eated -distinct vegetationhicbelt,,@ -

theatrene fy p cover, 
which n turn increasessoil erosicnan
TeAcacia s sen
drought years clay, beltsn Kordiofan and - iati .beix.
particularly duing 1970sDarfur nwssuf.ead ueahi cased.'
uhe Thpren h 

ari
is ecanized farming 

presenty move 
signi ficant in north and centralpa d ie
Sudal Sudan especill in the 


thnimals.ncotribut(se vgeatyin mpdetainin 
 the naure, and dvistrlibmtion
N.. ~ileshiefiie 
 a vss
egaions or
Sua ha n natemovmen during'tedrinyoseasonoaldwsngtheanmorementeduringithecdrybseason.alized
 
Toh fvefets on 'the eisc
iSudan usuatem aswell ias.on o
tpinci vegetitfon,
reisl. The 'lassifinaioesult'briad maounaties are s
ei da aniseeines ''possible to draw. Theumanord ersto prehaur e 
 ''t have....a been 

paricuarly 

vomped omcoer int n th g ein'ice 


drou ht yars duing'the 10s. T eh-f l e f c
 
ntra Suanf ir ,then tdi eal 


tohe A i,caee strata defined DDabove): ei t
ff 




2) Semi-dsert3), Low'rainf[l~l woodlandsa'vannah 
~ 4) H~g~ra wa~ 24W~d faria dS vannah 

F)l'ood region 
7)iontane region
 

.4.1.1 Desert

This region lies north 

desert. It 
of latitude 160N and includes both

7 The 
excludes the whole of the 

the. Nubian and ~yn:
a:'ea ; 

Red Sea hills to a width 'of~; i ': ,< 100 150km from the. '. .. t! ! i .... '' ;.eaThe annual rainfall varies between O-50mm bandplace. Away from the it issoai nbth imadNille, veg'etation is extremelydepressions scanty and is'generally found inor along seasonal

ephemeral herbs 

water courses (clkhorsll)'. In these waterand grase' and courses,acacia. especiallyberjriana mray be found. The more common species 
Aca.cia tortilis and Acacia ehren'-'4
 

are Aristida,
Fagonia cre'tica, Indgfr papposa, aiu turgiduLm,sp., 'Aerva javanii~a, '-Cassia. senna,
Aumacropterus, Morettia philaena and Salsola bargosoma. 
Cleome chrysantha 

" 

r~!oving toward- the Nile' ted!r nvronment ismdfe:t spe_,e upr oewoodyIlie te ~plmsPhoenix dactylifera,Aca(-ia' tortilis, A. nilotica 'Hyphaene .&hebaica and :some' Acaciasand likeA.$albida associlated iwith Capparis decidua, ZiziphusspiIrchristI,Tamar ix aphylla, 1al~Tnjtes egyptiaca and Ciotropis procera 
5 

4.1.2Semi-desert' 


Diereadescribed 
, 

as semi-desert.woodland li'es between)2the; desertsavannah.It include and the' "low rainfall
coas'tal area (i.e. the area 
the, Butana 'plains, the Gash" delta and the RdSeaetanulriflbtwn 

0-300'm. 
 Rainfaltritly
areais onfnedto three months: June, July and August. 
hi
The natural vegetation in this 
region is thin and consists of seasonal herbs and '' grasses and deciduous, thorny scrub. 

Trn the northern parts of -this, region 
" 

hard soils' alternate*rocky' outcrops adreceive with sand dunes andde"e''e".iuI'' lwamounts <ofrinalof plant cover. Where water This acut o)tesastcollects, Acacia____________ariand 4aerua may grow.l h 
o 'Theng~ drys n a ? :' Arc aiclia td decidua,~ ________ 

t 
s e conditions of' the ~ c a app risC dabasp ,north,.mergeenvironment. into a-In. this area sghly modifiedlimited cultivationespecially near villages. 

is suppor'ted' and grazing is practise,'The natural vegetation consists~ofA. nbica, besides ephemeral grasses Acacia ehrenberian,'K such as Schoenfeldagracilis,-~~% ard Aristida,setweus .. a s o 'rb a " CenchrusPnicum tugidum, Combopogan pouximus, ? ." ' 
bi'florus' whi-ch grow Sporbolus humfus andlocally on ,loose sandy Cechu 
cmphvlla, soils. The NileAcacia n~otica' and banks carry ,TamarxZiziphus spinahristi.region, local variations in In the southern part of the.~ 
plains 

soil types influence the vegetation. The sandyin the west' carry hills' andA.Senegal anaoutcrops carry Loptadeniapyrotechnica. GravellyCommophora africana, and'rockyAcacia melifera,tortilis, 13oscia sngless,, Acac'ia,and a 'of raddiana, while thth gonrud lrub-specieslr 
 onsists of Aris-tida
 

-' ?' 
V. . '" 
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~ lightrt on.~ I0,ab of; the region, thgeasois 
flora consists~ of Blepharis edulis, Ipornoea cordofana, Ocimum americana, Cymbopogan 
nervatus, Sehema ischaernaidis, Schoenfelda gracilis and Aristida sp. 

4.1.3 Low rainfall woodland savannah
 
Here' the rainfall ranges between 300-800mm. In this region trees ar~e higher,from 3
 

to 5.meters in height," and grow so close together that their branches touch. H1-owever, 
they do. not check the growth of grasses. This regioni lies in the central areas ' 
Sudan, on clay to the east, and on :sand to the west. The former subdivision is domi
nated~ by Acacia mellifera'~ in dense thickets which 'alternate with patches of short 

.,grasses. 
 Other species. include Boscia senegalensis, Cadaba glandulosa, Cadaba rotundi- .'; . 

falia, Dichrostachys 'cinerea. 'A.Seyal and Balnites aegyti'aca occur in water-receiving ' 

sites. The. grass cover consists of Hyperrhenia sp. , nervatus, Sorphum.'Cymbopogan 

purpureosericeum, Seteria verticillata and Cenchrus' ciharis.~ Near the Gash river are 
large: stands of Tamarix aphyl1a, Ziziphus spinachristi, Acacia nilotica and C6rdia 
rothic. Along the Blue Nile 'and its tributaries. in 'hsarea Acacia r-ilotica forests 
attain their best 'growth." 

Moving westwards to Kordcfan and. Darfur, the. A6acia senegai bel't stands on the' 
sandy "qozes". (stabilized dunes). Further south, it is found mixed with other species" 
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Combr'etum "cordofanum, Dalberpia. melonoxyelon arnd 'Albizia amara. The patches
] i:. ::!i i-!iP L7!,% ! ;{ ) ... " 4 ' - ' 1; "" -< ,-,I;c-,:''41-- , ,:,


.usual;/. , - '''.< ,,%" - : j-.' i> ,# > ,,•,; / -'.. .. cshifting cuiltivation. I:..On the higher ,rainfall. area. . ' ".'. 
< y O ' :' " ' 


- :,-', i LA< ? :!: ; _ .:' "
h' ::-; ' . i / : @ L:r : ,i! ; ? .LV::-/ .:: i ',:U ;]G :. .. J, :=._, ' ';b ?";
4D¢ ;< .,_ 'P i,.c' "
(above 
of Acacia 

600mm) 
senegal 

vegetation, 
ly. 

tends 
follow 

to increase in density. Te'rriiiralia, 
.. . 

and. 
. . 

,Anogeissus 
' 
.4-' '> ::-,:; ,- "' , " ':> 1-"P" ' , i i, '" :' ; 4 '4q.'"I' 44Prosop'is .savannah woodland are to be found. The dominant trees are* Terminalia ;laxi-.
 

flora, -Sclera caryabirrea" Anogedssus 'leio'a'rus. and Prosopis african.'
 
On rocky ground <in .th-'s region. Boswellis papyrifera ''•J-, '1'inhillsI.. ' round Zalingi,
'4.. grows 4 1' 

ingessana and Nuba Mountains, and &xytenanthera'abyssinica'grows'in' the' valley~ between
 
hills.' At the 'foot' of the 'hills StercUlia 'setigera and Anogeissus leiocarpus grow.
 

,Grasses' include. Chl'oris pilosa,' Hyperrhenia. confinis,. Brachiaria 'lata, 'Sporobolus

marg-inatus, Eragrostis sp. 'and' Andropogan gayarius, In the south-east' corner of. the,
 
Sudan, short grass 'vegetation' grows similar to that 'found 'in'the' Acacia mellifera
 

It is very important to point out that' this region, the "low'rainfall. savannah",
 
is'<subject to extensive cultivation' (either 'mechanized or shifting) as well as
 
extensive charcoal 'production. ~ 6
 

The present rate at which'the natural vegetation <is' cleared for cultivation-and
 
charcoal supply' is very rapid. The largest mechanized agricultural' schemes in the'
 

~; country lie within this region, (such as El Dali , El Mazmum, Kumfur, Agadi, El Grabein,

SEl Migeinis and the agricultural schemes in' Gedaref'Iarea). Due to' this heavy culti-

4 

~ vation only relics of the'original forest remain in these areas. 

~1High rainfall 'woodland savannah I 1 

'*'This region is particularly characterized by ironstone and occupies most of the '
4 

F 

A'"'southernl 
 provinces of Bahr El Ghazal and Equatoria. The red ironstone soil supports
 
."-'1. ..
2,; 




--''rich, diverse tpes of' vegetation, ,mostly broad leafed trees with a few thorny
species. .Coarse, perennialtall', grasses predominate, thus making fires generally'V"
more fierce,.than in other regions Khaya senegalensis, Isoberlinia doka and Anogeissus",W 

-I-,--..---leiocarpus,, occurin __pure -stands- under -rainfall1- between- 900- and-1300mm-- Butyrospernum-7
-niloti=m becomes: dominant after clearance of other' species in :the process of shi'fting 
cultivation. 

'The grass cover contains tall grasses like Adr0pogogayanus, together with Hyperrhenia species. Other grasses include.Ctensum -elegah, Loudetia simplex and Sporbolus
festivus.'
 

4 	1.5 Tropical rain forests 
 (More than 1300mm of.rainfalliper annum)
 
Within the woodlands, 
there are very few small patches of rain forests at 'Lotti,


Laboni and Talanga, east of the Nile, and at Azza and on 5the Aloma plateau to the ~ * 	: west. Celts zenkeri' and Chrysophyllum albidum appear to represent 'the climax
vegetation. In the gallery forest Khaya grandif0liola, Syzygium owaniensis, Diospyros .
 

- mespiliformis, Cola condifolia, Mitrogynia stipulosa, "and Chlorophora' excelsa , arefound. Other rain forest occur at higher altitudes in the Imatong mountains,' which / Y, 
contain rich flora.
 

4.1.'6. Flood region . .
 
The flood region occupies an area of 95,000 sq. miles, of'the Sudan. 
It consists
 

of the various rivers with 
their banks of floating vegetation and.areas where drainage
is poor and water stands for varying periods of the year, either from rainfall or

from overflowing by Nile. area is divided
the The 	 intoshighlands, intermediate lands -
and swamps. The first region is rarely flooded and 'its' 'soil iscomposed of sand and~sandy loam. It is"" dominated b the palm type, broad-leaved types and mixed Acacias. 
The intermediate land "is inundated during the rainy season and is the largest

constituent of the region. It is mostly grassland with "some areas of' Acacia :seyal
and Balanites savannah., The' last division is dominated by Cyprus papyrus, Echinochloa' 
stagnina arid E.pyramidalis.'
 

4.1.7 Montane vegetation '" 

Montane vegetation can be divided into 'four main mountain areas in the' Sudan 
Imatong and Dongotona Mountains, Didinga Mountains, the Red Sea hills and Jebel Marra. 

4.1.8 The Imatong and Dongotona"Moun'ins

These mountains are in EquatoriaI'.	 Province. Below 1500 'meters and in wetter areas 

vegetation such as Boswellia papyrifera and Terminalia brownii found.are Above 1500meters. the vegetation may be divided, into three zones:
 

a)' Lower montane forest 	 meters where
1500-2600 Syzygium sp., 'Clea hochstetteri and 
podocarpus provide the climax vegetation. ' 

' 	 b) Upper montane vegetation 2600-3000 meters where Poducarpus and some Olea sp.

constitute the climax except in certain areas.
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..... . ,. • 

:'),Above 3000, meters 'the Ericace'as zon whe -tEric are and 'yrica .. c:delia , 

ure -dominant . " ............ .....
 ., 

419The Didinga Mountains 

" 

These are also in~ Equatoria. The highest point is Mount Lo~tuka. Thei summlt is f' 
similar to the "lower montane frest" but elsewhere fires have reduc'ed' vegetation'_t erassland with a,few relic trees of, Juniperuqprocera and Olea chrysophlla.
 

:apparean yiasl'
4.2.0 The Red Sea hills 

These are onfthe north-eastern part of,,the Sudan. 

-'>"
 

Pure 'forests of Juniperus pro-~
 
cera with Olea chrysophylla and other species, are found 
 around the edges. ,FurtherK&
north ~"only' 01ea chrysophylla remains mnix I d" with trees lecs mark~idly'" mronta'ne in
ch'aracter. In the drier areas EdUphorbia abyssinica2 and Dracaina omb~t are 

"' 

common. ' . 

Up to 2000 meters the area is largely' cultivated alng, the fields. Corca~ '' 
africana,,Thespesia garkeana and various Ficus'spp. appear. The dominant grasses are/Cymbopogan and fyparrhenia sp. Between meters2000 and,2500 meters Olea'lapeYr5.ni'and
Acacia albida are found 1

2 

wi1th . licu's sp. and 'Salix safsaf near streaa., -Most of the 3 <
 

zone. above 2500 meters 
 is 'covered with dwr rse f HparrhniaKmultip'lex wi th6attered Olea trees.dwr 
 gase o'et'2""(

These zones correspond r~oughly with the fourteen (14) 
 strata stout earlier with
 

less specificai, (e.g. delineation of cultivated areas, swamplands, and so on).
 

,'': 
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t~ABLE,2,,ORESTRYRtSOVJRCES
IN~SVDM BY, 4WZ*~.hn RE'~N ~ 
~ 'iREGION AND PR~OVINCE,- TOTAL AREA' AVFjAGE.) VOLUME TOTAL VOLUME4 ANNUAL'ALLOW~ ~'~' ~..,~(HECTARES) (r'3 /HEqTARE) (i3 ,) ~ BECUIm
 

~* ~' "EASTERN1 2,748,065 ''' 255~ ,0785 ~~3~&
 

7 ~ 1 ,ul 2,748',065 2.551 ,085~ ENTRAL >'5,12,3,790 3 62N49k25,532,325 
 886 '256:''f
 
Blue Nile '4,957,440 4-.90 24,13794 ~~ 3~97W~hite 'Nile, 157,450_ 3.93 313 O'..9l, 

Goi-8, 900 67.47 600O,480~ 33,456u1HRTU 5,000, 60'..'0 3m,O0~ j00O~:~
KORDOFAN 1168,0 00O5~
2,2,09' 298599.K:-

South Kordofan 1 ,2, 0010'.56 122 827,8OO800 2,985,99'4
~rt.. f'orlh Ko rd fan "--

DARFUR 617,693,30 P 26'.97 477,199 80,0 9,587,083South Darfur '17,693,300 26.97 477,199,;80o 9 ,587,083,,.jN
North Darfur 

NO0RTH-ERN"-


Northern
 
Nile'
 

-tal Northern Region1 , ,

(.ub anid semi-desert, 4,200,000 
 4.76 19,992 000, 1,332,800 -b

'5 r'ORTHERI,, UA 
US3- TOTA1 
 41,398,155 15.77 
 652,859,780 1,5,3''''
OUTHERN ,71,095,683 
 18.75 ,1,332,953,362, 29,300,'346
Buhayrat 6,525,400 15.j03 98,069-'800 ;2,137 ,' 

'Jnli11,863,900 
 3.76 44, 643,,7010 2,097,915''Bahr-El Ghiazal 11,733,900 -34,94 li3t20 83655E. Equatoria 10,818,150 17.39 084',896;
i ' r.' '188 ,2,4
P,640
~W. Equatoria 6,982,733 61.76 
 *431,t275,066~ 6 5,a
Upper Nile 23,171,600 '6.94 1150,842'170 467 0927"3I
 

IOTAL SUDAN 112,493,838 "17.65' 1,985,813,142 44,3701 

......... F~zstyAdmnrubaticn sxirces and, 14:)h. El-Anin ikhtar estimate the total area ,of~deetad's.i>1 <jrsuiand bn.sh woded area at approximrtely 4,200,030. hectares, : vith a total 'igstk"PJ>'
.'9~2C~ran average grving stock Vo1lure per hectare of 4.7&1i3, annana alal cut' of>.j:4...ppr tey 1,33,a . mese resources are scattered and are found primarily in NO thm. Kordofan and:yf~ Darfur, trtliern Nile, Khartoum and Ried Sea Prvvihces. Because of dhe inability. to assign these resources"1' to -,rticular provinces, all estijratesi am includead in both r'brth-ern Sudan sub-totals and in the' estateof .-'-dan's total1 forestry'resoxrules. 

'I', 

E:,~r,I'EA and Forestry A(Iiniistr'ation. 
, 
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TABLE III: AREAS OF FORESTS AND VOLUME OF WOOD PRODUCED
 

AREA IN HECTARES VOLUME IN (00)m 3 ALLOWABLE CUT TOTAL 

PL N(000) Total(000) Planta- Natural TOTAL PL(m ) N (OOO)-7 Allow-
PROVINCE tion able cut 

(000)m 
3 

E. FEtcria 9525 1055 10575 1566 205422 236988 29994 4511 4541 
W. Eqatxria 3350 6963 6986 268 431276 431544 4467 6951 6956 
Bah.r el (azal 4600 11430 11434 690 41087 411277 9B57 8348 8358 
alwnrt 
Jcrglei 

-

-
6525 

11926 
6525 

11926 
-
-

199676 
568 

199676 
56828 

-

-
4605 
1592 

4605 
1592 

Upper Nile 393 11701 11702 4 73512 73512 197 22B2 22B2 
S. Kordbfan 3-83 11626 11631 39 1 =b-37 1942 29B6 198 
S. Darfur 4316 17693 17697 118 477199 477317 8680 9587 9596 
hite Nile 6622 155 162 189 463 652 7853 15 23 

Blue Nile 27493 4514 4971 1396 la$)9 97_- 52975 77 760 
K'ssala 3E"&0 2746 2783 469 6384 6853 22482 212 234 
GezL-a 
D. Darfur 

8c-C0 
5127 

-
-

9 
5 

600 
126 

-
-

6LO 
126 

4)104 
3314 

-
-

40 
3 

N. Kord-tan 
N. Region 
2kra-tom 

9501 
100O 
1870 

-
-
-

9 
1 
2 

95 
120 

72 

-
-
-

95 
12 

72 

4715 
3(00 
7013 

-
-
-

5 
8 
7 

'1UrAL 12920 96296 96419 5754 -05174 -)100328 2_1629 41796 41998 

S. Region 17) 5913 59149 2 23 1377YJl 1372-29 ,4515 18189 28333 

N. Regim 105l952 37166 37271 322o 671713 31Y3 1 13507 13W4157114 
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