Inventorw of Biomass
ic Kenya

A Conditionally Renewable Energy

FEBRUARY, 1982
KEITH OPENShaW

oot - o

Best Avuilable D

5\ THE BEIJER INSTITUTE

The International [nstituts for Eaergy and Human Ecology
. The Royal Swedish Academy of Sciences
Fack 5-104 05 3tcckholm Sweden, Tel. 08-16049C, 15046

[

-~
>3

. e————— - —

. %
TR T, D B
o] -ﬁi > e b

PRN-PAX-§0% 14,15paD5

Inveatory oa biomass, a conditionally renewable €nergy

Introduction

In order to plan ftor future demazad of bivmag ecergy, particulasr
woodfuel (fuel and charcoal), it is imperative to know the existing
supply c¢f theseo conditionally renewable fuels. For convenience, theg
energy frow biomass caa be divided intc three groups ;

£1) annual plants, for example, crep residues and grasses;

(ii) perennial plants - trees and shrubs;

(iii) animal waste - comestic anima: aad human waste.

411 ttese potantial energy forms hzve other usés and this smould

be borne ia mind when pPlanning for the energy requirementsg of a
region, country or districr. It 123 also most important to realise
that these energy forms are cnly renawable on coandition that thaey
are properly wanaged. If the fertility of ‘a plece o laad iz not
azintained, then the zgricultural crop yieid will decline, similurly
if more wead is cut from a foresc than is being added aanuslly, ths
forest will eventuiliy disappear. Therafore, wher “z3essing supply,
it is importact to find out whether the surply ca: me sugtained or
not. Thig ia particul2rly important when lciking at woody biomsass
Lacause tr_nsg represeat accumulated vears of growth, asd while cene
can draw on this store over a short periecd, unless it is replaced oy
new growth, the store wili dry up. Therafore, for wocdy biomass,

one has to assess, not only *otal stock, but aliowable anntal cut, or
in technical terns, the increment.

Anncil plants: assessment of Crop residu~s

Crop residues can be used for cooking and heatiag, but usuaily

only over a limited period of the year, after the harvest, for aot

more than about tws months.



However'in order 1o maintain the s0il structure and to a certain
éxient the fertiliatiy, it is e€ssertial that much of the crop
residue;ploughed backx into ine soil. Therefore, only a fraction
of the crop residues can be used for energy without leading 1o

a decline in crop vields, unless there arve large inputs of

feriilizers.

Crop residues are net Reénerally used as a source of energy,
but iu areas of wood shortage then the populatisn doguse them;
therefore they can act as an indicalofA%horlag? of wood, the
lraditional fuel. Similarly, grass is burat as fuei only as a
lasi resort, except for lighting fires.

Most giasses are consumed as snimal feed and therefore iteir
votential 1s considered an animal waste (dung) rather than ag

vegelable residue. 1p order 1c assess the polential

availability of €rop recidues, it is Nécessary to divide agricultural

€rops into distinct types. Also they shonld be divided at least

accordirg to province beczuse residues are usually burnt on the Spo:

by the householder- There is g relatjonship betweep the crop yielgd

and the amount of agricultural resisse angd therefore knowing the

¢rop production figures, an estimate OI agr.cultural residues can

be made,

(2¥)

Table 1

EENYA 1980 Estimated output of selected 2gricultural crc¢
Units 10p0¢ (1)
——=k 1000t "°“

Province/Crop Maijze Other Cassava Pulses Cotton Sugar Sisa)

grein cane
crops
NYANZA 319 90 158 18 12 852 0
WESTERN 342 36 9 111 8 2855 0
CENTRAL 171 48 2 32 1 25 2
NAJROBI 1 0 0 0 4] 0 0
EASTZRN 136 64 15 133 8 15 7
CCART 470 7 107 4 1 112 15
RIFT YALLEY 698 143 1 35 1 50 2
NORTE EAST 0 2 3 0 G 0 1}
2138 38¢C 38y 333 31 aN0g 26

1) The weights of the VArious crops have not been totslled

because each crop has & Jdifterent moisture content.

Sources

Annval agricultural Teports for sthe various Prévinces;

Kenva Sugar Corporation 1580 Apnual Report; Kenys Statist;.
Abstract 1980. Jt zhould be noted tha: the varinus source
quote dififerent figures with sometimes large discrepancje
for the same ¢rop. This is becuvase many ercps guch as
malze, ca.sava, beans are for self consumption apngd thus g
noi recorded in commercijal trading statistics. The above
table is the best estimate but should be taken tq give the
order of mignitude rather than a&n accurate PicTure of ouippd
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Table 1 gives a summary of the 1980 estimated crop oulputs
These figures have been compiled
but checked against

for specific crops by province.
mainly from provincisal agricultural reports.
other sources. At best, most of t!= figures(except sugar, wheat,
barley and oats) should be treated as an order of magnitude rather
rhan an accurate estimate, because mény foods are grown for self

consumption and therefore production is bardly ever recorded.

Using the figures in Tabiel,an estimate of crop residues
can be made by applying various coaversion iactors which are

Eives as a footlrote to Table 2. As is 1o be expected, maize

produces over hal{f oIAcrop residue total, one quarter is bagasse(&“Ei?L&L (&Om
and one tenth ere other grain crops, with the remainder divided au%?“)

amongst the other fcur crops. All in all, an estimated 2

million tonnes of crop residues are produced arcnually.

Table 2 KENYA 1980 Estima I .
cromn }f)° agriculturail Tesidues frop selected
Uniis 1000t eir dry weight (1571 u )
Province/ Maize Other Cass 3 @
P ouner ava Pulses Cotton Bagasse Sisa)l Totaj
NYANZA 175 45 32 2 14 124 9 382
WESTERN 18¢ 17 20 14 10 371 0 f
CENTRAL 94 23 ] 4 1 3 o2
NAIROB] 1 0 0 0 1] ] : e
EASTERN 75 32 3 17 10 2 2 X
147
COAST 259 3 21 1 1 14 18
RI1FT. VALLEY 384 82 1} - 1 7 .
NORTH EAST 0 1 1 c 0 0 . e
0 2
KENYA 1176 203 77 43 37 521 L3l 2088
€1)  The conversion factors that have been used are taken Irom the U.s
e U.s.

Hultiplying factors to calcula i
p te th
of maJor_crops. Maize 0.55; 0.475 g:iléisg :é?.) Tecglues
gorgumlulllgt]g.so: Cassavg 0.20; Pulses 0.13. Co{to; ?';3
Ugar cane 0.33; Sisaj 1.20 The cassava fa ) wen
] 3 : . ctor w,
Energ: and Egriculture in the Third Yorig by Makhi;:n;::gnpiggg

(p.107), and that for pul ' i
P10 Pulses was assumed to be similar 1o sugar

(2) Bagasse is the residue from Sugar cane.

The information ir Table 2 ig used to provide anp estimate of th
. 3 3 ’ e
potential offtake of agricultural residues for energy use jip wood
€guivalent terms, and this is shown in Table 3



Tabie 3

il —

KExtYa 1950, Lstimate poteniial olftake of agricultural residucs for CHergy use in
wood equivulent terms. '
: Units 1000 mebric  tonnes of wood equivalent (15% .C.)®
‘-PrOVince Area . |Maize Other Cassava Pulses Cotlton Bagasse Sisaltl Total| Bagasse Sisai‘.Total Grand
of small grain rural household : Industaal, Ind. Ind. Tataf
farm./S @ @ ) «) 4 (%) ) - | () |
IYANZA 9% 79 22 16 0 10 2 o ! 120 g0 0 ] 90| 213
VESTERN 98 91 = g 10 2 7 5 0 | 123 | 269 0 269 | 392
ZENTRAL 87 40 5 0 1 1 0 0 47 z 1 3]  So
JAIROBI 100 i 0 0 0o 0 0 o | p | 0 0 0 1
E‘EASTERN 95 35 13 1 3 7 0 1 | 60 | 2 5 7 67
COAST 67 85 1 10 0 1 0 3 | 100 10 10 20{ 120
‘RIFT VALLEY 30 56 1 0 1 1 0 0 59 5 2 7 66
NORTH EAST 100 0 1 0 0 0 0 0 ’ 1 ' o ¢ f 0 1
|KENYA 387 51 37 7 27 7 a | s20] 378 18 | 398 -9

the above because it will b

: small degre
available for energy use the following re

Table 2.

(3)
(4)
(35)
(6)
(7)

(8)

(9)

Crop residues havé on average 82X the calorific value
throught.

Maize: The ¥ area of small farms(column 1) has been m

e mainly eatenfand Some converted
e, in order to estimate tke amount
duction factors.have been applied to
of wood; this factor has been applied

ultiplied by 0.6 assuming that60% of

Maize stalks and cobs
burnt as fuel.

Wheat, Barley & Oats,
Sorgum,rice,millet,for

are burnt on small farms.

no residue is used as fuel

None of the maize on the large farms is

all farms 60% of residu

es is available for energy use.

Cassava all farms 607 o

f residues is available

Pulses all farms 257%

of residues is availahle

Bagasse: Most of. the crop:

is.Laken,ﬁovtha:fggypfy_for_

industrial processing, this is mainly

used as a boiler fuel.

90% of all bagasse is available

farm and 98% for industry. _
All cottonm has to be uprooted and destr

the crop is available potentially. .. -

oyed within two

Vdﬁd”éffthIS”tbCal.zxf18~zvailable-9n
months of hafveét therefore

of the sisal wasfe - 1 .-

Moskt of the sisal is taken to t
and 20% of this total used on f

available at themill sites and’

he_factory‘fdr'processing but
arm. Jn addition kthe husks of g

this could ameunts Eq same 3,00

asstme 90Z.is available for fuel
rains and coffee etc. are  poteati

0 to 6.C900 tonnes nper vear

al



Thée resydues have been divided between houeschold and industrial

us¢ because most of the sugar cane waste (bzgasce) is used at the sugar For the couniry as = whole the potential offtake is about

factories 1o produce heat and elecilricity. Agricultural wasles have . 0.9 million (wood equivalent) tounes, and corsumption of

about 82 per cent of the energy of wood on a weight for weight basis at agricultural residues is of the order of 0.8 million (wood

lhe same moisture content, and thusareduction factor has beer applied . equivalent) <onnes which is eguivalent 1o abour 3 per cent of

1o all the agricutlural wastes in Table 2. Various assumptions have been lhe energy consumption. It ig possible 1o increase the offtake

made aboul the amounts cf the different crop residues that can be burnped of residuss, but this can only lsafely| be donelby increasing crop
and 1hese are stated on Table 3. 1i is estimated that 520,000 (wood production. Seeing mosti of the igh potential land is already ip
equivalent) tonnes of agricultural waste could be available for house- use, increasing production will have 1o come through better

hold energy out of an estimated total of 972,000 tonnes. The house- management and raising per hectare vields. This will entail more

hold consumpiion survey estimated that 538,000 (wood eguivalenti) tonnes fertilizer inputs and improving the soiil Structure. Thig could
of agriculiural and animal residues were actually used by householders be brought about at a minimum foreign exchange cost by the

for cooking and heating purooses. The split is approximatley 440,000 introduction of ‘complementary’ trees intimately mixed with the
tonnes of agricultural residues and 94,000 tonnnes of dung. Therefore c¢rop ¢r judioucly spaced within the field. Paradoxicn]]y, while
the estimated supply for Kenya as a whole is less than demand, but in such good Bgro-forestry systems may increase the crop yields,
wood short provinces of Nyanza and ¥estern probaly more crop residue they lessen the need jor burning ecrops residues in the bouse, for
(and dung) are being used for cookiog and other household uses than is the trees are of course a susxainable source of fuelwood, Such
advisable; thus the soil structure and fertility is under threat. systems are a way of having your cake and eating it.

These two provinces are also the largest prodncers of

egricultural residues, the bulk of it being used by the sugar industry Perennial plants (trees and shrubs)

10 raise power and heat. Most bagasse when it is produced, goes stra‘yf

to the boiler hcuse, although there is a surplus at times and some of 1i. 1n order to estimate the smount of perennial plantg growi
2€, - ving

older factories do burn wood as well. Consumption of bagasse for boiler in Kenya,several surveys .were undertaken These were &E {011
. ow

53~
furel is estimuted to be about 350,000 (wood equivalent) tonnes, whereas

Lo sisa)l waste is used as a fuel source by industry. A small guantity 1. A rangeland survey,

of coffec husks, about 40 1tomnes, are used annuallly to fire clay, 2. A survey of forest lands;

but there is scope 1o use more of this residue together with sisal waste 3. A survey of tree cover on high potential Bgricultural lapd
and surpius bagasse. Briguetting cr densifying of such wastes should 4. A survey of urban tree cover;

be considered to see if they are viabie propositions./ lndustirial 5. A survey of perennial plantation €TOps on agricultural laad
production removes most of the crop residues from theland, and namely, tea and coffee. )

Py
therefiore the fertility of the soil has 10 be maintained by application

of fertilizers or practising skifting cultivation to let the land recove)

The rangland survey has been described elsewhere in this
report, buvt in summary the survey found that the rangelands, whic)
cover 87 per cent of Kenya's land surface support some $00 millior
over dry tonnes of woody bomass , or some 690 million ajy dry ton:
(152 per cent m.c.). However, the sustainable pProduction only
amounis 1o some 14 million tonnes (oven dry) or 16 million air
dry tonnes.



Thecstimaled consumption of wood energy for the whole of
Kenya in 1980 is of the order of 18 million tonnes, so ip theory
these areas alone could supply BS5 per cent of Eenya's YeQuirements
on u Sustlainable basis. However, wood, and to a lesser extent
charcoal, are high bulk, low COS1 products and have to he within

This means that four the bulk of tpe rural pobu]aljon. tbhe wood has
to be within hal<t a day's ®alking distance of the house and
oblainable aj 0 monetary cost. Over €ighly percent of the
Population live on the 13 per cent of the high potential
agricultural lands, and thus 1the Targelands are out of reach of
Practically z3) these people. Urban households, industry ang

the service Seclors that bay for their energy ccould and do tap
this reserve, but here again the €conomic transpori distance ig at
the most 50-10p kilometres for wooc and 200-300 kilometres for

charcoal. KMany of the rangeland areas lie outside this economic

and / or more roads are constructed in these areas, more
wood energy will become accessible.

However, from a management point of view, these areas are
particularly fragile, ang the increment of woody biomas, evep on the
best rangeland areas, is Yarely more thar 1 m3¥/ha/yr ang usually
of tbe order of one tenth that amount
Also, not a1} Species are desirable as fuelwood or charcoal; .
therefore,in Mmany accessible areas, the rangeland tree species have
been overcui and 3t will lake many decades for the bush to recover.
This is partjcu]ar]y noticeable 2long roads and round rané?and
Selllements. Here there is a need i” fact to €éncourage tree
Erowth. On the Otlher hand, ip Oolber aresas there is too much wood
for Pastlaoralists apg they burp the rangeland in order to pPromote
Erass and 1o destroy woody biomassthal habours such pests as
tsetsefly anpg ticks.

-l0-

. T !
Therefore, althougb rangeland areas could in theory provide moast
of Kenya's present day demand for woody biomass from increment
most of thesc areas are too remote and the Stocking density too
lJow to make it eéconomically worthwhile 10 2xploit thege pPotentia)
resources. This is very apparent from the destruction of the
forests and farm lrees on high potential land.

2. Survey of forest ]anq§

a) Areas of ‘orests
——=f= -  oOrests

By definition a forest ig taken as a ap &rea of treeg that h;
more than 80 per cent closed canopy. Thererore.in Kenya all
forests are confined 1o areas whkere the rainfall ig usually
greater tbham 1200 mm/znnum, or where there is sufficient
ground wster to support ‘*high' forest lrees. The bulk of

the forects are roungd the mountain ranges of ~lgon, May,
Kenya and the Aberdares, that is the high Potentig]
agricultural highland zone. There are small 8reas along the
coast ibcluding the mangroves, along the main river system -
ihe Tana-and lastly round isolated hills. The survey of
closed forest land was divided into two Parts. The first pPa; ¥
WBS tO ascertain the area of ‘orest by Province. This was Geng.
using information =upplied by the Kenya Rangelangd Ecologica)
Monitoring Unit (KHEHU)(I)nnd this gave the total forest arey
by forest. 1t included planted as well as natura) forests
over 10 bectares in size, but excluded non forest areasg wit)
the forest sucb as opep grassland, farms apd &reas of water.
The natural forests consigt oY three broad Catapgeries:
exploitable areas, protection #Tr€as and nrtional Parks. The
Central Bureau of Statistics'Annusl Yearbouk gave the area c-
netional parks and a pPlanimeter plus maps weére used to deterr

(1) A forest Inventory of Kenya using Remote Sensing
Techniques by Doute, Ochanda and Fpp. AREMU 19g1.
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1he amount of open areas within the natjonal rarks, and the area within

each province where pational parks straddled provincial boundaries.
The inventory undertaken by Sparten Air Services (]978)(1)gave the
area of 'erosion protection forest' in each sampling unit. thus an
estimated of protection areas by forest and Province was complied,
The government plantation areas by province and species were supplied
by Kenya Forestry Department of the Ministry of Natural Resources;
the small areas of privale plantations were obtained from various
other sources, such as from the companies themselves or from the
KREMU report previously mentioned. The planted areas were divided
for convenience into land planted with eucalypts ancd wattle, termed
woodlots, and all the other areas, planted malnly with pines and
cvpress, termed plantations.

Growing within the batural forests were three broad cetegories
of woody biomass, commercial tree species, non-commercial irees and
bamboo, either in pure stands with scattered trees or scrub,or scrub .
a mixture of iree and uamboo. The latter Calegory was separated out
by sampling unit and area, but commercial and non-commercial species
grew inlimately within the forest area. However, from a utjilsi- “‘on
standpoint, it is convenienlt 1o separate the approximate ar.
commercial and non-commercial species, and th?s was done in pic, __ 11,
1o their growing stock in each smapling unit. Thus, an area estimate
by province of forests over ten hectares was compiled by planted and
natural forests, by commercial and non-commercial species and by
exploitable areas, protection areus'and national parks. This is
shown by province in Table 4.

(1) Spartan Air Services Ltd/The Kenya Forest Department-(1968)~ A
reconnaissance inventory survey of indigenous forest areas of
Kenya. The Kenya Forest Department, Nairobi, Kenya



Table 4 KiMyAa 1980

Province/Forest

NYANZA Exploitable
Protection
National pa
WESTERN Ex.
Pro.
NP .
CENTRAL Ex.
Pro.
NP.
NAIROBI Ex.
Pro.
NP,

Ex.
Pro.
NP,

EASTERN

coasT Ex.
Pro,

NP.

RIFT
VALLEY

£X.
Pro.
NP.

NORTH EAST

TOTAL Ex.
» Pro(5)

NP.

GRAND TOTAL

-2~

Forest area by province and type

UMITS.HECTARES

Footnotes to table 4 on next page 3%

Planted Forest tlatural Forest A A All Forest'
Eucalypts Other Commercial Non-Commercial Bamboo Totzl % Forest
& Wattle species tr:e area tree area & scrub cover

42 680 960 1865 290 3837) 0.3
- - 80 160 30 270) -
rk - - - - - -

535 11245 15160 23698 14807 65445) 8.3

- - 650 1020 620 2300) :
2675 24958 47340 55558 79675 210206)
= = S0l0 6590 9450 21650) 20.8)
- - 10910 12810 18380 42100) )
) 19.9
1502 373 70 253 0 2198) )
- - - : - - - ) 31.1)
~ - 10 20 - . 30)
1034 8734 1710 34050 85879 131407)
- - 140 2760 6960 9860) 0.9
- - 10 110 280 400)
243 2205 10260 (3) 70581 (4) 5556 118845) 1s
- - 570 1290 100 1960)
14889(1) 87261 246370 275909 96336 720765)
- ~ 13510 14640 5780 33930) 4.6
- - 7550 8180 3230 18960)
| 0 0 0 0 0 0
20920 135456 351870 4619114 282543 1252703

- - 20560 26460 22950 69970

- - 18480 21120 21890 61490
20920 135456 390910 509494 327383 1384163 2.4




(1)
(2)
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Footrotes lo toble 4

Eucalypts 9674 ha, wattle 5215

The commercial and non-commercial species are mixed,

the areas of these two Broups of species havt been divided
according to the volume of each group.

The commercial area includes 21677 ha. of '‘commercial®
mangrove forest. Total mangrove area is 52,980 ha.

The non-commercial area includes 31,303 ha.of non-commercial
mangrove forest.

The area of natural parks js much larger than 61,500 ha.

but this is the total forest area withs the parks.

Jorests

-14-

b) Growing stock in the forest

Once tne area of planted and natural forest were known,
the next step was to assess the growing stock and increment on these
areas. Different methods were applied to the natural forests and

Planted areas and these are described separately.

) Natural forests

An inventory of selected natural forests was undertaken for th:
Kenyan government by Spartan Air Services of Canada(l)between the ye: -
1963-67.

Browing stock in the natural forests.

This inventory formed the basis of the assesment of the fore
]ncidentally, the areas of acty.
given in this inventory was, most forests close to the KREMU figures,
éxceptions being in such areas as Kakamega and Nandi forests which nas

been under serious threat for many years.

The inventory divided the gazetted area into forest and non-
forest land. The forest lar

was further sub-divided into land with a majority of trees on it,.and

Only the forest land is dealt with here.

other land that was scrub or had bamboo,, with or without trees. The
inventory confined itself to land with tr-es on it and therefore othe:
Sources for the assessment of ithe bamboo and scrub areas had to be
consuited (2). It was also assumed that the proportions of tree land

bamboo land have not altered since the inventory was undertaken.

The Spartan inventory gave the standing stem volume of
commercial and non-commercial trees, by individual species, but seeip,
that the main aim of the research was to assess the avai]ability of
woodfuel, the two broad divisions, namely, commercial and non-commertkq‘

itrees were deemed satisfactory.

(1) Spartan Air Services Ltd/The Kenya Forest Department (19€8), A
reconnaisance inventory survey of the indigenousforest areas

of Kenya. The Kenya Forest Department, Nairobi, Kenya.

(2) For example teda K(1966) Research and Recommendatiors on bamboo

resources for pulp and paper making in Thailand.
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On average, tbe above inventory was undertaken fifteen years
ago und of course the forest has not stood still. On the ore hand,
growth has been ps cceeding, but on the other, these forests bave been
exploited for commercial timber and fuel. From talk with various
people, it was agreed that the Spartan inventory stem volume be reduced
by an average of 17 per cent to accounl for excess exploitation over
growth. However, because some former non-commercial species were now
classfied as commercial Species, it was agreed to keep the proportion

of commercial/non-commercial species the same.

Spartan inventory only gave stem volume but from point of
woodfuel assessment, total above ground volume is required, for bgnch %rQ:\dL -
wood burns just as well as stem wood. From studies undertaken in
several countries and with different tree species, branch wood accounts
for approximately 20 per cent of the stem wood volume and so stem
volume was muliiplied by 1.2 to arrive at an estimate of total abovesnw'
volume-No sl)owance has been made for root volume, but il one is
required, then an additional 15 per cenl of stem voliume should be added
10 account for roots.

The above ground volume was them calculated for euach forest
by province, using the Spartan inventory details. These forest averasges

are shown in Appendix 1 by commercial and non-commercial species.

Next an assessment of the bamboo and scrub volume was derived by

a2ssuming a constant growing stock of 48m3per hectare on all these areas.

Using all these volume figures, the 1total of the growing stock py
pProvince was determined. Finally, the annual yield and the annual
firewood offiake were derived after consultation with mensuration and
utilization experts. 11 was agreed that the annual yield from the '
natural forests is about 1/40th of the the £tanding volume and that for
scrub and bamboo is 1/15th. Similarly, the annual firewood
olftake could be of the order of 80 per cent for non-commercial
species, scrub and bamboo, and 35 per cent for comnercial species.
Thus, using these figures, yield and firewond offtake were estimated
by province. These are shown in Tables 5 € and 7, together with the
information for plantation grown species.
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Tuble 5. KENYA 1980 Current growing stock ol forests by province and lorest Lype
UNITS 000m3

PLANTED FOREST NATURAL FOREST RLL FOREST

. (1) . (2) s (3) . .
Province/Forest type Woodlots Plantation Commercial Non.Comm. Total Exploitable Protection
NYANZA . 4 163 95 196 458 435 23
(of which protection/Np) (7) (16)
WESTERN 41 2003 4091 5522 11657 11261 396
(P & NP) (169) (227) :
CENTRAL 1021 9290 11434 20237 41982 33786 8196 .
(P & NP) (2958) (5238)
NAIROBI 480 149 13 43 685 680 5
(P & NP) . (2) (3) :
EASTERN 345 3084 3937 7924 : 15290 14356 934
(P & NpP) ) (318) (618)
COAST , 101 611 2384 5103 8199 8075 124
(P & NP) . (33) (91
RIFT VALLEY 2927 26471 45904 50409 125711 118125 7586
(P & NP) (3615) (3971)
NORTH EAST 0 0 ) 0 0 0 0 0
TOTAL 4919 41771 67858 89434 203982 186718 17264
(P & NP) (7102) (10162)
NP = National Park P Protection forest

(1> Woodlots are confined to eucalypts and wattle Species.
(2) Plantations are all species except eucalypts and wattle, mainly pine and cypress species .
(3) Includes bamboo, with or without trees and scrub areas.



Table 7 KENYA 1980

PLANTED FOREST

-7 -

NATURAL FQOREST

Estimated sustainable offtake of firewood by province and forest type
UNITS 1000m3

ALL FOREST

Province/ .

Forest type Woodlot Plantation Commercial Non-commercial Total Exploitable P/NP

NYANZA

(0f which G.3 1.9 0.8 4.4 7.4 6.9 0.5

(N & Np)- (0.1) (0.4)

WESTERN 1.7 20.1 35.8 135.2 192.8 185.7 7.1

(N & Np) (1.5) (5.6) .

CENTRAL 92.5 111.1 100.0 576.8 880.4 705.2" 175.2

(N & Np) (25.9) (149.3) ]

NALROBI 40.0 1.8 0.1 0.9 42.8 42.7 0.1

(N & ND) (0.0) (0.1)

EASTERN 19.2 14.7 34.4 307.5 375.8 349.1 26.7

(N & Np) (2.8) (23.9)

COAST 8.4 6.5 31.8 107.9 154.6 152.3 2.3

(N & NP) (0.4) (1.9)

RIFT VALLEY | 253.6 308.9 401.7 1191.2 2155 .4 2030.0 125.4

(N & NP) (31.6) (93.8)

NORTH EAST 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL | 4157 465.0 604.6 2323.9 3809.2 3471.9 337.3
(62 .3) (275.0)

P = Protection

NP = National Park
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Table 6. KENYA 1980. Estimated yields from forests by province and forest type
UNITS OO0 m3

PLANTED FOREST NATURAL FOREST ALL FQREST
Province/ Woodlot Plantation ) Commercial Non-Comm, Total Exploitable P/NP
Forest type
NYANZA 0.4 5.4 2.4 5.5 13.7 13.1 0.6
of which P&NP (0.2) (0.4)
WESTERN i 2.1 57.2 102.3 168.9 330.5 319.4 - il.1
(P & NP) (4.2) (6.9)- o
CENTRAL 102.1 319.2 285.8 720.9 1428.0 1167.5 260.5
(P & NP) (73.9) (186.6) )
NAIROBI 48.0 5.0 0.3 1.1 54.4 54.3 0.1
(P & NpP) ) (0.0) (0.1)
EASTERN 23.0 42.2 98.4 384.3 547.9 510.1 37.8
(P & mvP) (7.9) (29.9)
COAST 10.1 20.3 65.2 137.9 233.5 230.1 3.4
(P & NP (0.9) (2.5)
RIFT VALLEY 304.4 882.4 1147.6 1489.0 3823.4 3615.7 207.7
(P & NP) (90.4) (117.3)
NORTH EAST 0.0 0.0 | 0.0 0.0 9.0 0.0 0.0
TOTAL 490.1 1331.7 1702.0 2907.6 6431.4 5916.2 521.2
(P & N) (177.5) (343.7)

-(Sb P = Protection NP = National Park
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2) Plantation forests

The assessmen* of plantation volume was undertaken
in three stages. First, the plantation areas by species and age were
obtained for each Project. Secondly, three local volume tables per
species, low, medium and high were then used to ussess the growing
stock cf each species by proiect. This work was undertaken by people
familiar with each project, and they assessed which of the three
tables to apply to each age class of species. Thirdly, the total
volume by Project and species was then compiled and this information
was then classfied by province and summed. Details of Provincial
information by species information by species is shown in Appendix 2,
To assess the increment (annual yield) simple reduction factors were

used for the main species. Likewise the firewood yield was

assessed in a similar manner. These reduction factors are as follows:-

- 20_

Table 8 Plantation Species:

Arnual Yield and Annual Firewood Yield Reduction Factor

Annual Yield Firewood vieia{2)
Species Ftact@on of ' Percentage of
standing volume Annual yield
Pine and cypress 1/30 35.0 per cent
Eucalyptus:Westein Province(!) 1/20 83.3 per cent
Eucalyptus:Eastern. Provincel) 1/15 83.3 per cent
Eucalyptus:Other Provinces 1/10 83.3 per cent
Wattle 1/7 83.3 per cent
Other species 1730 35.0 per cent
1) In these provinces the pﬂ;gﬁetions are very young and wil.
give a much lower annual .than in the other Provinces
(for 1980). Hance the large divisor.
2) These figures have been calculated by assuming that for

2ll species, all the branch wood is available for firewood
(16.6 per cent of total volume), For Pine, cypress and oth.
species 22 per cent of the stem volume in the form of
sawmill slabs etc. is available. Fér eucalyptus and wattl.
80 per cent of the stem volume is available, the other 20
per cent being used for pPoles and pulpwood.

Note:

The estimation of annual yield from standing volume mainly depend
on the area planted in each year. If for eéxample a species is on
a ten yvear rotation, with no chinning, and all the area was
planted at one time then there will be no yield until year ten.
In this case in year 10 the standing volume will equal the yiel@d
and the average annual Yield will be 1/10+h of the total final
yield. However, if 1/10 of the area was planted each yYear for
ten years then the yield in year ten will be about 1/5th of the
standing volume, but of course the standing volume in the latte:
will be about half the standing volume (of yYear 10) in the
former case. If the plantation has an approximate equal area
planted each year, that is the plantation is said to be

‘NORMAL' then the rule of thumb to estimate vield is to halve
the rotation age and divide the standing volume by this. Eg.

Rotation I0 years. divisor = 5: rotation 30 vears divisnr = 1c



It should bave been more accurate to assess yield by following
the precription for thinnings and final felling as issued by the
Kenyan Forest Service. These prescriptions are shown in Appendix 3.
Briefly, they state thes rotation age for each species, the sumber of
thinnings to be carried out and the stems to be removed at each
thinrning. However, because of lack of funds and poor management, these
prescriptions are rarely followsed Indeed, there are seme eucalypts
70 years old when they should be on a rotation of about ten geavs.
Therefore iy was decided to adopt the fractions as given ir Table 8
10 assess the annwal yield. as a ckeck this yield was compared to
recorded otfftake from pPlantarion forests and the two compared
favourably. The growing ctock volume, yield and firewood vield for
Plantations (and natural forecasts) are shown in Table 5, 6 and 7.
All these volumes have been ¢orverted into mass. This has been done
because, for €nergy assessment, mass i< the best measure. For any
given soccics the eénergy value for a unit weight at a specified
moisture content is more or less constant, whereas in unit volume
terms the energy value can vary enormcusly. Aggéngix 4 gives the
volume/mass relationships for different species at air dry weight
(15 per cent moisture content - dry Lasis) and able 9,10 and 12
give respectively the weights of the growing stock, annual yield and
annual firewocd yield for Kenya by rrovince. The growing stock and
yields on the protection and national parks has been separated from
the other areas, for it is assumed tlat these areas will not he

exploited or only QUL to a very minor extent.



Table 9 KENYA 1880

2%

Weight of current growing stock of fores

ts by province and forest

UNITS 000 tonnes
PLANTED FOREST NATURAL FOREST BLL FOREST

Provincey Woodlot Commerciatl Commercial Non-Comm Total Exploitabie P/NP
Forest type Plantat:on
NYANZA 3 35 73 1490 301 284 17
(of which
Protectioninp) (6) (11)
EASTERN 33 11438 3147 3463 7796 7523 273
{7 & Np) (130) (143)

\
CENTRAL 810 4958 8795 14455 29018 23001 6017 P
(P & wp) (2275) (3742) ' "
NAIROBI 381 97 10 31 519 516 3
(P & NP) (1) (2)
EASTERN 274 1622 3028 5660 10584 S900 684
(P & NDP) (244) (440)
coasTt 80 336 1959 3gg2 6257 6160 97
(p & Np) (27) (70)
RIFT VALLEY 2305 13788 35310 36007 37410 81793 5617
(P & ND) (2781) (2836)
NORTH EAST 0 0 0 0 0
TOTAL 3886 22034 52322 63643 141885 129177 12703
N & NP (5464) (7244)

P= Protection

NP= National Park
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Table 10 KENYA 1980 Weight of estimated vield from forests by province and forest type
UNITS 000 Toanes
PLANTED FOREST NATURAL FOREST DLy FOREST

Province/ Woodlot Dlantation Commercial Non-Commercial Total Exploitable P/NP
Forest type '
NYANZA 0.3 2.8 1.8 4.0 8.9 8.5 0.4
{of which (0.1) (0.3)
Protecticn N & P)
EASTERN 1.6 32.8 78.7 120.7 233.8 225.5 8.3
(N & Np) . (3.3) (5.0) 5

. (V]
CENTRAL 81.0 172.7 219.9 515.0 988.6 798.4 190.2 '
(N & NP) (56.9) 133.3)
NAIROBI 38.1 3.3 0.2 0.8 42 .4 42.3 0.1
N & Np) ) (0.0) (0.1)
WESTERN 18.3 23.4 75.7 274.5 391.9 364.5 27 .4
N & NP) (6.1) (21.3)
COAsT ‘ 8.0 11.2 54.2 106.2 17¢2.6 176.9 2.7
(N & NP) (0.8) (1.9)
RIFT VALLEY 239.1 459.5 882.8 1063.5 2644.9 2491.6 153.3
N & NpP) (69.5) (83.8)
NORTH EAST 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N & Np)
TOTAL 386.4 705.7 1313.3 2084.7 4490.1 4107.7 382.4
(N &NP) (136.7) (245.7)

8P = National Park

,/ﬁf> P = Protection
~



J/

UNITS 000 Tonnes

PLANTED FOREST NATURAL FOREST ALL FORE.ST
Provincey/ Woodlot Plantation Commercial Non-Comm, Total Exploitable P/NP
Forest type
NYANZA~ 0.2 1.0 0.6 3.2 5.0 4.7 0.3
(of which (0.0) (0.3)
Protection) : )
WESTERN 1.4 11.4 27.5 96 .5 136.8 131.7 5.1
(N & Np (1.1) (4.0)
.- 1
CENTRATL, 67.5 65.9 - 77.0 412.0 622.4 495.9 126.5 .g
(N & NP) (19.9) (106.6) '
NAIROBI 31.8 i.l 0.1 0.6 33.6 33.6 0.0
(N & NP) (0.0) (0.0)
EASTERN 15.2 ) 8.2 26.5 219.6 269.5 250.3 19.2
(N &NP) (2.1) (17.1)
COAST 6.6 3.5 27.4 82.8 120.3 118.4 1.9
(N & Np) (0.4) (1.5)
RIFT VALLEY 199.2 160.9 309.0 850.8 1519.9 1428.6 91.3
(N & NP) (24.3) (67.0)
NORTH EAST 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(N & NP)
TOTAL 321.9 252.0 468.1 1665.5 2707.5 2463.2 244 .3
(N & Nm) (47.8) (196 .5)

P = Protection NP = National Park
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'25f 3) Survey of tree cover on high potential-agriculural lanc
. (i) Introduction

Table 9 shows that the estimated growing stock in the forest
areas amounts to some 142 million tonnes, but only 129 million tonnes
(air dry) is classified as exploitable. Of this exploitable total,
69 million tonnes are made up of commercial (industrial)species and
60 million tonnes of so-called non-commercial gpecies, although of
course eucalypts and wattle are grown commercially and can be used

in the sawmilling ang pulp industries, but their main wood use in

1
The high potential agricultural land {p Kenya
contains three quarters of Kenya's population: about
12} million people in 1980, and occupies an area of nea-
eight million hectares. It prevides most of the food
the entire population, and it will be called upon to

meet the bulk of the increase in demand for food causec
Kenya is for fuel. Similarly, non-commercial natural forest trees

by the projected doubiing of the population by the year
and bamboos can and are exploited to varying degrees, but not

2000. At the same time, the tree cover on this land
usually for industrial processes such as sawmilling, panel industries

meets some of the local requirements for fuelwood.
and pulP mills.

The total area of high potential land including forest

area is shown in Table 12.
The 129 million tonnes of wood from 'high' forests should be

compared to the estimated 690 million tonnes from trees on rangeland

areas, but while the latter comes from an area of about 49 million . Table 12. Area of high potential land by province

hectares, the forests only occupy about 2.4 per cent of the land are;, . Units.1000he.
o Province High potential Total | Per-

Some 1.4 million ‘hectares. Therefore on average the forests have a [ABric.area ~ Forest high potential | centage Total

growing stock of 103 tonnes per hectare » while the rangelands only Lpgte;tiallactual) area arec 92—39331 area

have 14 tonnes/ha. Also the forests are Situated in areas of high Nyanza 1157 9 1161 93 1252

Population density, thus they are much more readily acces:zble. Western 720 68 788 96 823

However, as has been stated previously, it is not the growing stock Central 939 274 1213 92 1318

per ge that is important, but the annual increment that can be Nairobi 30 2 32 46 70

removed while keeping 1he growing stock intact. Eastern 19 5y 142 2092 : 13 155786

Table 10 estimates that only some 4.1 million tonnes can be removed Coast 430 121 551 : 7 8304

from the exploitable forests on a sustainable basis, and of this, Rift Valley] 2565 773 3338 20 16883

2.5 million tonnes can be used for woodfuel. This is well short of North East 0 0 0 0 12690

of the estimated demand of 18 million tonnes. As will be seen later,

Some of this demand is met irom trees on agricultural land and some X ;

from rangeland trees but with such a gap between sustainable forest Kenya 7791 1384 9175 16 56916

SupPly and demand the forest capital is being eroded. Percentage 85 15 100

=
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It will be seen that 852 of high.potential area is
classified as agricultural land,and 15X as forest land, but there is
hardly any forest land in Nyanza whereas 23% of the land is classified
as forest in Central Province. It wil) also be noted that each
person has . on aveiage ) hectare nr high potential land, of which
less than 1/10 hectare is forest iand. Much of the wood for cooking .
(and building) comes from the surrounding forests and woodlands,
but also a considerable amount woood must come from the trees and
shrubs on farm land because fuelwood for the subsistence farmer has
to be within walking distance. Therefore it is necessary to obtain
AR estimate of tne tree and shrub cover on agricultural land.

(ii) Survewv metiodology

The survey was undevtaken op the high potential landtwith the
belp of the Kenyan Rangeland Ecological Monitoring Unit (KREMU) and
the Forestry Department of the University of Nairobi. The high
Potential area was Surveyed in a light aircraft and ten distinct
farming types were recognised. The bcundaries of these farming
types were drawn on a2 map and the areas measured.

It should be mentioned that one farming type may be represented in

a2 number of areas, for example, large scale maize, wheat and barley
farms. Also there was some overlap between ‘rangeland’ areas and
agricultural lands. The fringes of the rangeland areas are being
opened up; therefore, to avoid double counting, the actual area
measured for tree cover is less than the area of high and medium
potential agricultural land which now accounts for nearly 10 million

hectares butr it is as shown in Table 12.4

The largest difference is in Eastern province.

Table 13 shows the farming types, the area of each type by

Province and where the sample area for each type was chosen.
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Téble 13. Farming type in the high potential areas of Kenya by area 2nd province UNITS 1000 ha
Sampling | Area in each province
Unit Nyanza Western Central Nairobi Eastern Rift v Coast Total
1) Large scale maize, wheat, Kitale 63 40 23 1144 , 1270
barley & fruit trees.
. 1
2) Sisal farm maize & beans Kakameg; 262 561 380 1203
with sugar, tea a coffee :
(tea & coffee) (3) (3)
3) Estate sugar, plus some Kisumu 188 130 318
rice & small farms : §
4) Small farms,maize & beans Homa Bay 202 . _ ) 202 !
5) Zstate tea/coffee small : ~ !
holding maize,beans, Kisii/ 407 458 905
bananas (tea/coffee) Rericho (13) ' (40) (58)
6) Estate sisal,rape seed, 292 . 68 360 -
med & small farms Nakuru | . ; A :
7) sSmall farm maize,beans, Muranga 336 25 .331 .
coffee,sisal(tea/coffee) (82) (5) - ')g,
8) Small farm maize, beans 37 ' 308 -:332 !
rice,tea & coffee(tea/coffee) Embu/Meru (11) (67) : (78)
9) Grazing & small farms ' Machakos ' 1352 1552
10 a) Estate sugar & small |
farms plus pastoral Coast ! '
10 b) Coconut,cashew tree ) ,430 ‘1430
small farms & pastoral Coast - ' ‘ ) :
Total area excluding tea & coffee areas 1059 524 705 .25 1883 2220 . 430 6946
Tea & coffee areas - 18 3 - 93 > 67 40 ‘ 0 - 226
Total high potential farm area in sample 1077 627 798 ~ 30 1950 2260 430 , 7172
Actual high potential area in the malnreport(‘z) '1157 120 939 30 1950 2565 43¢ 7791
(1) A reserve sampling unit was also flown in this area and covered a strip of Busia district which is
referred to us sample no.1l1 :
(2) The difference in area between the hgk potential area used Lo:: estimate tree volume, 7172,000 ha.

and the high potential area as described in “the main report 7791,000 ha is accounted for by the fact that
Some land is included in the rangeland survey and other land is open park or grassland.



1t waes intended to choose a typical area in each of the ten
plots nnd_xgg photograph a strip about 30 kilometres long in each
area. However, Ecosystems Ltd. of Nairobi had already done
photographe for Macbakos and time did not permit the coastal area
to be photographed. Also in the end because of poor weather
conditions Muranga and Embu/Meru were not photographed but ground
surveys were dope in these two areas as well as the first six areas
mentioned in Table 13. Seven photo lines were taken, Busiz being
the additional (reserve) line, and the photographs were analysed
for tree cover. Seven types of Lree cover were recognised,
ranging from natural woodlands to hedges, and these are described
in Table 14. Natural woodlands are the mosl important type of
tree cover and they occupy nearly haif of all the tree areas, 2s c¢an
be seen Irom Table 14.



30

Table 14, KENYA 1981 Tree cover as a percentage of total cover on high potential 1land-
-~ an analysis of aerial photographs

UNITS % of total area

——————— Farm Trees

- NEY..

Photo 1iney "Natural Riverine Planted Along Scattered Hedges Round Total
Tree type wl/sh trees woodlots Fields farm compound cover
bush boundaries trees
’ Roads
1. Kitale 5.20 2.00 0.69 0.60 0.99 0.03 0.28 9.79
2. Kakamega 1.77 1.73 0.93 0.55 0.98 0.45 1.73 8.14
3. Xisumu 4,83 1.61 0.26 0.25 0.95 Q.33 1.30 9.08
4. Homa bay 4.80 0.7¢ 0.69 0.30 0.80 0.80 0.80 . 8.80 :
9. Kericho/ N ‘ 9. 29 L
. . .14 .

Kisii 3.10 1.22 2.20 0.40  1.53 0.63 0.1 ?
6. Nakuru 5.40 0.1G 0.17 0.88 0.20 0.03 0.20 6.98
11.Busia '5.10 0.75 0.68 .  0.89  0.43 .10 4.20 12.15
MEAN 4.25 1.16 0.79 0.55 0.84 0.34 1.23 95.16
Sa. Kericho (1)

Large tea 4.34 0.84 4.67 0.36 0.50 0.05 0.04 10.80

estates
9. Machakos (2)

(Eco Systems) : 12.80 - = 4.20 ——8 17.00

(1) Practically all orf these woodlots are more than 10 hectares and have already been included in the
forest survey.

(2) This area includes woodlots and natural forests of more than ten hectares which have already been

included in the forest survey.

wl = woodlands, sh = shrub.
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Planted woodlots on farm/estates on average accounted for
less zhan one per cent of the lang cover, but in the tea growing
areas on the estates themselves, the’accounted for nearly five
Per cent of the land cover. However, many of these woodlots are
over 10 hectares in area and bave been included in the forest
survey pPreviously mentioned. Therefore an adjustment has to be
made to avoid double counting. Actual farm trees and hedges
accounted for two per cent and if trees round compounds are
included the total comes to 3%Z. All in all, just over 9% of the
land area wase ¢ccupied by tree crowns. However, it is important
to point out, especially when farmers are to be persuaded to plant
more trees, that the actual area occupied by the tree and hedge
Stems is somewhere in the region of 5 m* per bhectare, which in
percentage terms is 0.05% or 1/180th of the crown cover - an
extremely small area. Even if 15% to 20% of farm lands were %o
be planted with ‘complimentary’ trees, then the actual stem area
occupied by these trees could only be between 7.5m: and 10m? per
hectare, or 0.1%Z of the land area. Thus, what might seem like a
large part of farmland to be surrendered is in fact only, an
extremely small portion, and the protective pature of the trees
usually more thanp cocmpensates for the small amcunt of land given
up.

After the aerial photograph had been interpreted for tree
cover, ground crews were sent into eight sample areas and line or
v ’
1elascope sample plots were conducted in the areas that were:

photographed (except for Muranga and Meru Jére no pkotographs taken).

every 200 metres for fifteen days, so all in all 225 sample plots
were measured covering just over eleven hectares. All tree Species
were recorded and breast beight diameter and total height were
measured. By applying a form facior of 0.7 an estimate of stem
volume was determined; the Stem volume was then multiplied by 1.2
tc give an estimate of totalabove ground volume.

the
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The results of the line survey are shown on Table 15 together with
final adjusted volumes which were used to estimate woody biomass

volume on farm land,

Table 15. Kenya 198]1. Stem volume and tota) volume per hectare of treel

on _ugriculutral land Units m?

Line plot Average Estimated Adjusted
stem total volume total volume

volume ha per ha per ha.

1. Kitale 11.9 14.3 14.3

<. Kakamega §.2 i1.0 11.0

3. Kisumu 1.2 1.4 10.8(1)

4. Homa Bay 8.8 10.6 10.6

5. Kisii/Kericho 26.9 32.3 16.6%2)

6. Nakuru 14.2 17.0 17.0

7. Muranga 25.3 20.4 30.4

8. Meru/Embu ‘ 25.4 30.5 30.5°

Estimated volumes from above information

8. Machakos * 18.0(3)

10. Coast 25.0¢%)

Notes

(1) The estimated stem vclume was much too low due to poor sampling

(2)

Table 14 indicates that the tree cover is similar to Homa Bay
and Kakamega lines. Therefore the voulme per hectare has been
adjusted upwords to fall between these two totals.

The final figure was adjusted downwards because the original
includes woudlots of more than 10 ha. which have already been
included in the forest survey. Yhen these were excluded, the

adjusted total was arrived at.

Like Kericho, Machakos included some vwoodlots and natural foresis
of over 10 ha. Towaids the north the l1arm tree cover is similar
to Embu/Meru, and in the south the tree cover is less than Homa

Tie s
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The coastl region contains two distinet types - the sugar,
paetoral, small farm belt to the south of Morbasa and the
pastoral, small farm coconut/cashew nut to the aorth.

1t has been estimated that ilhere are the equivaient of
29,000 ha of cashew nul trees and 32,000 bha of coconut
palms. Therefore for the coast as a whole it is estimated
that bhalf the arez has an vojume of abaut 32m3/ha. and the

cther half 18m?/ha. giving an average volume of 25m®/ha.

per hectare total volumes werz then multiplied by the farm
lype areas by province as given in Table 13. The tea and
coffee nreas were excluded from these totals as s

Seperate estimate was made of woody biomass growing in thLese

areas.

Table 36 gives the estimate of woody bicmacs growing on

agricultral land topether with the estimated annual yield and the

firewood yield. 1t will be seen that the growing stock is estimated

to be B4 million tonnes of which 73 million lonnes are reckoned to

be exploiiable. This compares with 142 million tonnes in the forests,

of which 129 million tonnes are exploitable (Table 9).
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Table 16. KENYA 1981. Estimated volume and weight for trees on agricultural land by province

UNITS 1000t except where stated -

Province Area of Woody biomass growing stock Estimated exploitable yield
Agric.land | standingjweight of which:- Total of which
1000 ha VolJOOOA} Tokal Protection Exploitable ;22§3}3)fi;§:?3d(4)
NYANZA 1059 133095 9864 1253 8611 574.1 459.3
WESTERN - 624 7072 5051 : 641 4410 294.0 235.2
CENTRAL 705 153732 12056 ' 1531 10525 701.7 561i.4
NAIRGBI 25 760 543 70 473 31.5 25.2
EASTERN 1883 375595 26899 3416 23483 | 1565.5 1252.4
CoasT 430 10750 7679 975 6704 :  446.9 357.5
RIFT VALLEY 2220 313665 22404: 2845 19559 1303.9 1043.1
NORTH EasT 0 01 0 0 0 0. 0 A3
KENYA 6946 1) 118294! 84496 ~ 10731 73765 4017.5 3934.1 F
AV-tChibﬁa (1565) &%g:ggé(ii:g) (i:g) %g:g) (0.7) (0.5)
(1)

(2)

(3)

(4)

Excluding tea and coffee areas 226,000 hectares and exciuding 619,000ha of land included in the main
Teport as high potential but which was already included under rangelands or is open park or grassland
1f this is included then theexploitable growing stock is reduced to 8.8t/ha, yield to 0.65t/ha and
firewood yield 0.5t/ha (see last line).

The protection volume/wt of trees has keen taken as the area of riverine trees, these cover an area

Of 12.7% of all tree cover(table 14).0f course dead branches are collected and some of these trees will
be exploited, but on the other hand Lhere are trees on steep slopes that are left, therefore, this
fraction is felt to be reasonable and has bheen used to calculate the weight of trees that should not be
exploited.

This has been calculated b taking 1/30 of the growing stock. It assumes a rotation of about 60 years.
If trees were managed exclusively; for firewood, then the rotation could -be as little as 2-3 years and
much more volume could be removed annually. However, short rotation firewood trees are not common in
Kenya today and trees are managed for commercial timber and poles as well as firewood.

This has been taken as 80Z of the yield. It assumes that the other 20% is used for poles and pitsawn
(roughly hewn) timber. '
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The estimated yield is nearly 5 million tonnes, of which 4 million
could be used for firewood. The comparable figure for forest areas are:
vield 4 million tonnes and firewood yield 24 million tonnes (Table 9
and 10). The smaller vields from the forests, although the growing
stock 1is larger, is accounred for longer rotations and the fact that
much more wood is used for irdustrial purposes than on the farm; hence
a smaller Proportion of increment going to fuelwcod. However, it is
pussible by better management and by choosing the corrééfn?}ée specieﬁ
1o increase the vield considerably without affecting the growing stock
Lo any large extent. ’

The estimate sustainable firecwood removal from high potential
agricultural areas and forest lands ig 6.4 million tonnes, whereas the
cdemand for woodfuel in these areas, both urban and rural, is about
18 million toones. Clearly there is a large shortfal)l, some of which
can be made up from supplies from rargeland areas, may be of the order
of 5 million tonnes, but the accumulated tree capital must be meeting
the difference of 7 miillion tonnes of wood. Of course the estimated
capital on high potential land is some 260 million tonnmes,and so, in
the short Tun, the shortfall can be withdrawa from capital; but unless
€fforts are made to balance sustainable Supply with demand, the farm
arnd forest trees will.come under increasing threat. Ways of tackling
this problem wilj be discussed shortly, but in order to complete the
supply Picture, the tea and coffee areas plus urban trees bhave to be
cornsidered and this is now done. ‘

9. Tree cover on urban land

¥hile the trees on urban land Occupy only a small part of the
‘otal vegetation. neveritheless they do satisfy the fuelwood requirements
2f the pPocrest strata of the urban population. Many gardens and roads
‘iave a considerable mumber of lrees as can be seen wnen one drives through
oSt pf the major towns; therefore, 10 make the picrture complete, an
‘Stimate of tres cover was undertaken. This estimate excludes the forests
2nd woodlots of 10 hectares or more for they are already included in the

forest inventory in the previous sections.

\_)3

» together
with an estimate of the eéquivalent area ccvered by trees. From this,

the volume and yield have beer derived using growth figures from _
Plantations and natural forests within the area. The urban environment
areas are usuzlly less than the municiple township areas for these

Table 17.

Kenva 1380 Areas of Urban built up environment with ap estimate of

tree area, volume and mass

Area-1000ha Volume-1000m3 Weight - 1000t

Total Estimated Growing Yield Firewood|G.s Yield Firewoc

Province area Forest Stock . out- out-

area (G.S) turn turn
Nyanza 4 18 1.2 1.0 13 0.9 0.7
Western 2 22 1.5 1.2 16 1.1 0.9
Central 8 . 56 3.7 3.0 40 2.6 2.1
Nairobi 5 32 2.1 1.7 23 1.5 1.2
Eastern 4 0.2 38 2.5 2.0 27 1.8 1.4
Coast 6 21 1.4 1.1 15 1.0 0.8
Rift v. 8 - 64 4.3 3.4 46 3.1 2.4
N.Eastern 2 0.0 2 0.1t 0.1 1 o0.) 0.1
Total 39 l.6 253 16.8 13.5 181 12.1 9.6

Of course the existing trees in urban areas can only supply a fractiopn
of urban demand, but if urban forests were established on a large
scale they could supply a considerable guantity of wood products,
especially fuelwood and poles and also be a recreation area for the

urban population who wish to relax and get away from tha urban jungle.
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(3) Coffee and tea Jand: survey of woody biomass
————————————___—________JL______X_______

Coffee and tea, eéspecially coffee are large exsort earners for

Eenerally about five to seven Years, although the main stem is not
removed vati) after about 231 years.  Throughout their lifetime they
are clipped and Pruned and therefore the clippings and branches are
a source of fyel. Also the trunks of the tea and coffee bushes are
used as fye} when they are eventually cut down. & number of studies
have beep dcne on the yields of woody bomass from tea and coffee,
and estimates for Kenya have been based on the works of Cannel(l)
and Magambo ang Cannel (2). The yeneral concen sus is that
clippings of tea and coffee be used for mulch. However, invariably
these clippings are removed for fuel. JIp consequence more lertilizers
have to pe applied. Bearing these facts iqg mind, the Browing stock

and removalsg of wood from tea and coffee have beer, estimated as follows:-

Average growing stock per hectare: Tea 3.5 tonnes; Coffee 3.0 tonne.

4pnual yield per hectare:

In addtion, some coffee areas, especlally those ip the west, over 2000
metres, have shade trees of such species ag Grevillea robusta and
Sesbana maorantha. These trees have an>average EYo¥ing stock of 3.61/ha
and an annpyai yielc of 0.3t/ha. The eslimated area of shade or shelter
belt treeg is shown in Table 18. Many tea estates also grow eucalypts
as boiler fye] for drying the tea. However, these areas have already
been included ip tne forest survey.

Cannel M.G.R.(1970) .

(1) Production ang distribution of dry matier in trees of Coffee
2rabica ip Kenya as affected by seasonal climate differences and
Presence of frujtrs. Ann.Appl.Biol.(197l) 67 97-12¢.

(2) Magambo M.J.S. Cannel M.G.R.(1980) Dry matter Production and

Partition in relation to vield of 1ea. Expl.agric.(1851) vol.
Pp.33-33.
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iable 18. Kenva 1980. Area o1 land under tea and coffee

Units 1000 ha.
=2 2000 ha

TEA COFFEE

Province Estate Small Total| Estate Small Total Grand Estimated

holder holder Total| Coffee Are

wWith trees

— tTees
Nyanza 1.0 5.4 6.3 0.0 1.4 11.4%} 17.8 9.1
Western 0.0 i. 1.8 - 1.2 1.2 3.0 1.0
Central 2.9 39.5 42.4 17.7 33.5 s51.21 83.6 7.7
Nairobi - - - 5.0 - 5.0 5.0 Q.8
Eastern - 11.0 11.0 2.2 53.6 55.8] 66.8 11.2
Coast ~ - - - - - - -
Rift Valley 30.9 3.6 34.5 5.5 0.1 5.6} 40G.1 4.5
North East - - - - - - - -
Kenya 34.8 61.3 96.1 30.4 99.8 130.21226.3 34.3

Tea 1.3 tonnes; Coffee 1.1 tonne:

Source KCnHa agriculivral gtahshes

The above per hectare figures can be arplied to the areas of teg and
coffee to obtain an estimate of growing stock and vield. This has been dorig
and is shown in Table 18. To estimate the quantity of shade and edge trees
growing on coffee areas,.an area figure was assessed after consultation wit
the coffee regloas. This is given in the end column of Table 18.

While the average growing stock on the tea and coffee areas js relatyy,,
low (3.7 tonnes/ha.of woody biomass), because of intensive management, the
annual yield - an estimated 1.2t/ha oy woody biomass - ig relatively kigh.
This may be one of the keys to agro-foresiry and fuelwcod plantation - sho &t
rotations and intensive manzgement. This completes the estimation of wood

biomass and the only other major source of renewable biomass iz animal was{e


http:tonnes/ha.of
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Jnbie 19 KERNYA 1usp. Growir: _1o¢k angd annuzl vield of woney biomass 1113) éﬂlEEE_IEEﬁEEEE
of tca, coffee and shade 1rees on coffee areas.

To compleie the biomass Picture, mention should be Dade of animz)
UNITS 10001 and in a Survey Underty;y,

4t 1he same time as 1he survey of lree cover on Rgsicultural
households out of 113 were lourd to burp dung fo

residues. Alreudy some householderg use dung,
land, seyep

estimated that these families used the energy €q
PO year,

Ulvalent of l.2m3 of
i Tea Coffee b?ees in coffee Total wood per IamilyA(D.]G o3 per person). However, the average annuaj per
Province |Growing Yield Gr~wing Yield Gro&ISé Yiela Growing Yield capiia consumption for the “hole sample only came v ph o
Sroe oo Sraer voex €quivalent oi 0.01m® of wood and the dung was only burnt in (e w00d Scy s

KYaNza 22.4 8.3 [34.2 12.5 32.8 2.7 83.4 23.5 &reas of Kisumu arnd Homba Bay. Usually dung is only burnt Where woog
“ES}T X 6.3 2.3 3.6 1.3 3.6 e.3 13.5 3.9 1s scarce or where animals are taken into a Slable at night &nd tribaj

e 236 56.3 471 2.3 13297 113.7 custem permits the turning of dung. The Masai keep 1heiy cattle ip
C_:_!\TRAL 148.4 551 1; 0 5.5 2.9 0.2 17.9 5.7 bomas bui do not burn dung. On tke contrary g Person's wealtp o
Zj;:EE; 35?5 }4?3 67:4 61.4 490.3 3.4 246.2 79.1 pPrestige i:s judged oy the height o du~g outsice his bcuse and of
~“‘°T - - - - _ - - - course, being mainly milr &nd blood earers, thejy requirementsg for
i?;; VALLEY 120.8 44.¢ |16.8 6.2 16.2 1.4 155.8 52.4 fuel are less than other groups.
NOETE EAST - - - - - - - - ‘

Ideslly,dung should be returned to the ground as g ferlilizer,

L preferably after g jhane tes been extracted from i1, pur ibis presents
KENY A 336.4 124.8!3490.6 143.2f 123.5 Jo.3} 850.5 278.3 & number of problens which are Tully described 30 Meihae Generatioag

1
irom human, animal &0C @griculiural wastes(‘). Briefiy, the capitsal

: 7 ..
cost for a family of ejx digester coulgd COSt between k.shs.2,5oo and
JU,GOD, Téguires 90kg of wet dung - 211 the product of g

10 12 cows,

90 litres of “ater, &n optimum terperature of 33-38°C and good

maintainance ang control.

Son.e or all of lhese requrements are beyond the means of pogy rural

Kenyans and therefore, =21 hest, methase gas energy ss a8 substitute for

other energy form will only have a mirginal effect op energy Supply.

What will bappen is that whep woc-! and crop residue ig Scarce, dung

will be burnt instead oy being returpeq Lo tre soil. 1If the per

capiua consumption of O.Olm3wood equivalent jg anything near torrect,

L A

_\,\

(1) Netional Academy of Sciences 1977, Washington D.C. U.S.4

rd
Ve
/ éi‘

\
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then today in Kenya, 128,000 air dry tonnes of dung,

equivalent

of

about 135,000m® or 96,000 tonnes of wood (1.5 Peta Joules) are burn:

annually. This is approximately 2% of the estimated yeariy production

of dung, as the following tables indicate. The grantity of dung

Produced by various animals per year is as follows.

Tablie 20. Conversion Factors for dung production

Daily broduction Estimated
== Dbroduction ==clmated

Table 20

Tonnes per vear
~=2N0€eS per vear

er 500 Kg. . Nc of animals PEr animal
per .00 Kg ;2 dlillmals .
Wet weightfxgs per 500kg Wetl ¥t. Dry weo“-
Dairy cattle 38.5 3.85 3.65 0.36
Beef cattile 41,7 2.75 5.53 0.65
Swine 28.4 10 1.04 0.10
Sheep/goats 20.0 20 0.36 0.08
Poultiry 31.3 150 0.08 0.02
Donkeys - - 28.0 3.33 3.07 0.54
Camels 28.0 1.25 2.18 1.44
Source National Academy of Sciences 1977. Methane Generation,
Adapted,
(1) Dry welght 15% moisture content.
Table 21 gives an estimate of the number of animals by province
in Kenya, and Table 22 gives the Quantity of animal waste produced by

these animals using the dry weight figure in Table 20.
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Table2l. Keqyalqso Numbet of animais by province

Catrle (]%heep/goats

UNITE - mi]]ion§

Proviace Pigs  Pouliry Donkeys
NYANZA 1.20 0.60 0.00 3.30 0.03
WESTERN 0.80 0.20 0.01 2.30 0.00
CENTRAL c.60 0.70 0.02 1-10 0.00
NAIROBI 0.01 0.00 "0.00 0.05 0.00
EASTERN 2.90 2.20 9.00 3,00 0.04
COAST 0.42 0.5 0.00 1-10 0.00
RIFT VALLEY 4.20 3.70 0.03 1.00 0.13
NORTH EAST 0.40 0.20 0.00 0.00 0.00
KENYA 9.61 8.10 0.06 11.8s 0.18

Source 1878 Statistical abstract

(1) Presume 2/3 beef and 1/3 dairy

Camel




Table 22 KENvYA 1980

Estimate of animail waste by province

UNITS - millions of tonnes air dry

-2 -

weight (15% M.C)

- ¥

Peta Joules(r)

Province Cattle Sheep Pigs Poultry Donkeys Camel Total Practiecal To?gl %SS%Xcal
Goats Availability Availability
(2)
NYANZA 0.66 G.06 0.00 0.07 G.01 - 0.80 0.016 9.60 0.19
WESTERN 0.44 0.02 0.00 0.05 0.00 - 0.51 0.019 6.12 0.12
CENTRAL 0.33 0.07 0.00 0.02 0.00 - 0.42 0.008 5.04 0.10
NAIROBT 0.01 0.00 0.00 0.00 0.00 - 0.01 0.000 0.1z 0.06
EASTERN 1.10 0.22 0.00 0.06 0.02 0.29 1.69 0.034 20.28 0.41
COAST 0.22 0.05 0.00 0.02 0.00 - 0.29 0.00s6 -3.48 6.07
RIFT VALLEY 2.31 0.37 0.01 0.02 0.97 0.29 2 3.07 0.061 36.84 0.73
NORTH EAST . 0.22 0.02 0.00 0.00 0.00 0.14 0.38 0.008 4.56 0.10
KENYA 5.29 0.81 0.01 0.24 0.10 0.72 7.17 0.143 86.04 1.72
(1) Assume that one tonne air dry dung contains 12.0x109Jou1es or 12.0 Giga Joules quneﬁgg
1.0 xlO'15 Joules = 1 peta Joule

(2) It is assumed that only 2% of the total anima

may increase as other

€nergy sources becone Scarcer.

1 waste is practically available.

This Pe€rcentage



Estimated production of dung is of the order of 7 million air
dryl;onnes and has an energy value of approximately 86 Peta Joules
(10" “Joules) or 201 of Kenya's current demand. However, it is
physically and economically impossible to collect even a fraction of
this total and what is more, unless it went through a digester iy
would deprive the soil of about 0.7 million tonnes of nitrogen and
phosphorus fertilizer as well as loss of soil Structure. Therefore

Kenya will have to be content with using about 2% of this tctal,

There are about 65,000 ajr dry tonnes of human waste produced, and
in towns sych as Nairobi, this waste could be collected centrally
and put through 2 digester. Also refuse could be used as boiler
fuels, but of Course such schemes are relatively capital intensive
and provide very little energy. The main biomass energy souvrce and
indeed the maip energy source is wood. 1t is pertinent to look at
the supply/demand position for al} biomass to see where the

shortfalls are and to see what must be dope to counter these shortfalls.
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The supply and demand of biomass

Table 23 gives the estimated supply and demand for biomass
in Kenya jor 1980. Animal and agricultral residues haye been kept
separate from woody biomass because, for household use At least,
these are second best alternatives and will only be used if wood ig
is scarce, or when these residues are in plentiful supply, for exampl-
after harvest. Normally dung and Crop wastes are left on the land to
maintain the fertility and soil structure. The overall picture for
these energy forms is one of slight sur;lus but there are areas of
shortage such as Nyanza and Western. Previnces when too much residues
are removed from the land to the detriment of the soil. Overall, thes
fuels supply about 5% of the biomass energy demand, and this fraction

cannot be increased greatly unless agricultral imputs increased

. Substantially, especially fertilizer.

Woody biomass suppliers 95% of all biomass energy and indeed
it supplies an est.-ated 711 of total demand; so it is the single
most important ftuel. However, fuelwood, and to a lesser extend charcc
is very site specific in that it has to be available usua2lly within
walking distance of the rural consumer or within an economic transport
distance 0f the urban/industrial consumer, which is u%%lly no more
than 100 Kms for fuelwood and 200-300 Kms for charcoal. It is no use
having a surplus in one part of the country if it is too costly in
terms of effort or cash to transport it to where the demand is. This
is well illustrated in Table 23 by observing that the rangeland areas
could theorztically supply nearly 90% of the demand for woodfuel, but
becauégng these areas are very remote from the lerge consumption
centres, namely the high potential agricultral land, it is economicaﬂ&S
100 expensive to meet thic demandq

2
[Hence, the situation arises that, in spite of the'physical:® surplus In
the rangeland areas, the high potential areas cannot meet current denQAQ

from tbe local ananual woody production, and thus the trees ar2 being

cut down faster than they are growilng.



Table 23 KENYA 1980

BN)MQSS
F%;;;:EE‘

NYANZA
WESTERN
CENTRAL
NAIROBI
EASTERN
coasrt

RIFT VALLEY
NORTH EasT

KENYA -

Sustainable
producuon‘

RENYA

Estimateq
Consumption

Percenta e

~_ _ from high potential 1lang from
A Animal®) 15Eal Forest Parm Coffee Urban Total Rangelands Total
gric. - (2) 'Tea ‘ )
219 12 231 5 459 23 1 488 2 430
332 400 132 235 4 1 372 0 372
50 56 496 561 114 2 1173 7 1180
1 1 33 25 6 1 65 U] 65
67 26 93 2590 1253 79 1 1583 4476 6059
120 4 124 118 358 0 1 477 2434 2911
66 46 112 1429 1043 52 3 2527 4432 6959
1 6 7 0 0 0 0 0 4749 4749
916 108 1024 2463 3934 278 10 6685 16100 22785
794 94 888 5195 §297 278 10 13780 4980 187860
11 100 28 45 2 0 75 25 100
2732 -~ 4363 0 (0)P ~7095 +11120 + 4025
]
7 893973
Estimated cga 1tal of woody biomass 129177 73765 850 181 203973 690000 o
Wood for charcoal 1750 875 - - 2625 3200 e
ir : 5 7422 278 10 11155 1780 !
A Wood for firewood | 344 __J —-18
‘1) Practicaliy available (3) Tt is nssumea that He bulk f the Urhanﬂener\g Comes

2) Includes Tural built-up envir

onment

€ﬁher

Cxqm4at

Hom the
and that e

ronge lands o

Po+enbhu lands
into Lrbon trep
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and with the anticipated increase ip population, then by the year

- Farm trees and bushes Supply
about 47X of the wood energy demand, whereas forest trees Supply

28X, the Femaining 251 Coming from the rangelang areas. |[f Kenya

wood as a major energy Source,
effort jip tree planting, and the

by the farmerg themselveg to meet

theii oup Tequirementsg. But ip order to Protect the forests, a

large increase in fuelwoog Plantation within the eéxisting forest
éstate jg required. This jg Perhaps “pe best way to Protect the
!orests, for no amount of policing wili €lop people cbtaining

the meapng 10 cook theip meals. pjgo Plantationg round towns apg
Cities could nct 2S an urbap green belt

L and be 3 Place for the
urban dwelierg to relax, while 3¢ the same time be 3z Source of
his €nergy Supply. :

» there

and if areag are clearfelleq
in order to produce charcoa]. it wi)

area to recover. Therefore th

1 take many decades for the
€re is a peeq to put some effort
. However, the largest effort myst

be in the high POtential 2gricultury) areas where the Ereatest

APPENDIX 1
—=NIA 1

Region

NYANZA

WESTERN

CENTRAL

NAIROBI
EASTERN

COAST

RIFT VALLEY

Forest/District

Kisumu/S.Nyanza

Bungoma
Kakamega

Kiamby
Kirinyaga
Murang'a
Nyandarua
Nyeri(1l)
Nyeri(2)

Nairobi

Machakos
Kitui
Embu
Meru
Marsabit

Kwale
Taita
Mangrove areas

Kajiado
Narok
Kericho
Nakuru
U.Gishu
T.Nzoia
E.Marakwet
Baringo
Laikipia
W.Pokot
Turukana
Samburuy
Nandi
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UNITS - 7d/hecrare
—===2 T /hectare

Non—commercial Commercial Total per

sSpecies tpecies hectare ve!
59 31 .
94 122 22
176 50 22:
123 36 15¢
87 117 20~
123 36 15:
119 76 19!
1189 76 19:
87 ‘117 20
123 36 15¢
80 46 13¢
107 41 14t
113 179 29:
122 164 28¢
55 22 75
55 22 77
90 46 134
10 66 7
59 31 9«
77 83 16¢
139 50 18
64 128 18:
65 65 1z
94 122 2:
78 143 2!
65 69 1.
64 117 1
120 81 2(
55 22 :
59 31 ¢

127 57 18.
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APPENDI X 2
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Kenya 1980 Area of plantations by species®)
UNITS - Hectares
Wogad lots Plantations
Province/Species Eucalyptus Wattle Total éypress Pine OQther species Total - Grand Tota
NYANZA 42 - 42 236 398 46 680 722
WESTERN 535 - 535 885 8635 1725 11245 11780
CENTRAL 2675 »* 2675 11372 10750 2829 24958 27633
- TATROB[ 1502 - 1502 121 1 251 . 373 1875
EASTERN 1034 - 1034 3320 4485 929 8734 9768
coasrt _ 243 - 243 130 1483 592 2205 24438
RIFT VALLEY 9674 5215 14889 43799 38715 4747 87261 102150
NORTH EAST 0 0 0 0 0 0 0 0
KENYA 15705 " 5215 20920 59870 64467 11119 135456 156376
Percentage 10 3 13 33 41 7 87 1¢0

() Ten hechares oF Mmore

¥ The wattle that feeds the tannin

factory at Thika is in areas of under

10 hectares.




