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1 INTRODUCTION

AG 2-6 Present Land Use (Class Boundaries)

AG 2~7  Existing Irrigation Schemes
Irrigated agriculture may, .in the medium term, plav a
considerable role in Tanga Region's economy 1f. It was
therefore necessary to make this water using subsector
the subject of a detailed study to assess its prospects
and its potential water requirements. The same holds true,
though perhaps to a lesser extent as far as its present
economic importance is concerned, for animal husbandry.

AG 2-8 Hazard of Meteorological Drought
AG 2-9 Impact of Agricultural Drought
AG 2-1Q0 Agro-Climatic Zones

AG 3-1 Irrigation Potentials

AG 3-2 Potential Land Use Map

For beoth subsectors, therefore, data on all factors
relevant for water utilization, as far as they were

ABBREVIATIONS
obtainable, were collected and processed. The results of
‘ I . these efforts and the conclusions to be drawn from them
RH Relative humidity i are presented in this volume.
AEZ (A-E zone) Agro-economic zone |
USBR United States Bureau of Reclamation
o/M Operation and Maintenance

1) See e.g. TANZANIA / AHT: Reconnaissance Study of the
Lower Panganl Valley, 2 vols. and DTOQ: Reconnalssance
Study of the Lowexr Mkomazi Valley, 2 vols., all Essen 1976




2 PRESENT SITUATION

2.1 CLIMATE

2.1.1 General

The clima?e o? East Africa is predominantly governed by the
atmospheric circulation in the intertropical convergen
zgnihi:quatorial preisure trough). The great solarghegiing
_ zone causes low pressur i i
ments (satu;ation, condegsation? 2?gugsggggzggoiir m;yeé
from the adjacent high pressure belts (generall ér 1nds
warm areas) blow towards the equatorial trough Y onve
gence zone). 7 (conver-

The three pressure zones oscill
; : X ate north and sout
;g:_tgtertgozical convergence zone following the gaiﬁﬁually'
ition © e sun at i i i i
positlor its zenith with a time lag of about

zizgezi{ldére:tign (south~east at-the.southern'hemisphere)

50 ¢ ed "trade winds”. fThese air current ick up

. L] . . . S

?Ziftgre from(the Indian Ocean and cause the doﬁgiz‘ﬁgin
easons (generally fr i U fr

March till June) . Y om October till December and :Erom

!

Duripg thg_northern summer the heating of the Asian

-Qontlnent_lncreases the pressure gradient towards th

iﬁ::gtigﬁécal converggnce zone, by then positioned o:er
masses, and resulting i ' i

flow of air, with prevailing sogtintg :ggii sg:itgilal_ d

on the southern hemisphere and the SW-monscon at o nes

northern hemisphere. 3t the

ﬁiiiméiizh?evilopggnt during the southern summer {(December

) when & convergence zone lies h

ern subtropical belt, causes wind i S loone south-
CIc . s which are blowing f

a prevailing northeast to east di i Or I e

"kaskazi® winde) . east direction (also called

The easterly trade winds affect the area with an intensit
whlgh gradually decreases inland. Local difference in ¥
altitude, ground heating and vegetation may give r'S g
iipiiatelsgoweg clouds or thunderstorn. Ascendinglzfrto

e windward side of the Usam i '
heavy rains and significant dry gi;Zsmiinziénsl?auses
zoney (Foney rain shadow

Although it sometimes rains out of season and dry spells
oceur during the rainy seasons, the fact remains that,
when -averages are considered, wet seasons emerge in the
Tanga Region which may be looked upon as the interaction
of the passage of the intertropical convergence zone and
of the various local rain producing features,

The average macro-climate in Tanga corresponds to a tropi-
¢al savanah climate (AW) according to Kdppen - Geiger's
classification:

Average temperature of coldest month: 18°¢

Rainfall index: 2
Rainfall in driest month: 60 mm.

2.1.2 * Evapotrangpiration

Meteorological data from 8 stations have been presented in
Technical Report No. 4, volume I, Five stations are loca-=

ted in the Tanga Region, whereas 3 stations lies in adja-

cent regions. Data from six meteorological stations (Tanga,
Mombo, Amani, Mlingano, Same and Kalimawe) allowed the
calculation of one or more potential evapotranspiration
reference values. For comparison both the formulae of
Blaney-Criddle and Thornthwaite have been applied to all
stations. Data from Mlingano Station only were sufficient
to enable the calculation of evaporation from an open

water surface according to Penman's formula (EO).

Class "A" Pan evaporation values are available for four
stations, but however are seldom very useful, since they
have to be adjusted for the influence of advection over
the water surface ("Oasis” effect), for which purpose the
so~called pan coefficients have to be known.

The Blaney~Criddle values obtained are inall cdses extre-
mely high, mainly because -the formula does not allow for
high relative humidity (Formula was developed for arid

climates).

Since it is rather difficult to convert Thornthwaite's
reference values into real potential evapotranspiration
figures for various crops or vegetation types, an attempt
was made to find the correlation between Thornthwaite

and Penman values. The Penman method is generally accep-
ted as the best way to obtain reliable evaporation estima-
tes and in addition has the advantage that the evaporation
figures can be easily converted into consumptive use values
for different crops (see chapt., 3.6). 1In Fig. AG 2-1 the
monthly evapotranspiration reference values, calculated
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according to Penman, Thornthwaite

the Mlingano data, are shown for th
The monthly precipitation from a ra
also presented in order to show the

and Blaney-Criddle from
€ Years 1950 till 1974,

variability.

Correlation between Penman and
to be adequate on a first sight,
lation coefficients however were
can be seen in Table AG 2~1.

Table 2G 2-1:

AND BLANEY-CRIDDLE'S E
MLINGANO STATION P

Thornthwaite values seems
the calculated CcOorre-
found to be Very poor, as

LINEAR REGRESSION OF THORNTHWAITE'S

ON PENMAN'S Eo FOR

: Linear j Standard ! 3
i Stapdard Regression | error of ! =
g Deviation QCoefficients, Yy about § o
lPeriod fr 1) -~ - .l -~ - ... iregression o
| x o0 T B . =
..... P (mm/day).(mm/day)@._ oo o) (mm/day) S
i ' | : - g &
waite [APR-SEPj0.35 | 0.63 0.5t | 0.29] 3.13 ! Q.42
B9 | ocr jo.39 | o0.42 0.46 | 0.43] 3.34.| o.38 3
Penman MAR |0.36 - - - - | - ; z
W guw |o.a3 - S - _ : =
Blaney%éOCT*MAR 0.23 | 0.25 0.61 § 0.55] 2.23 0.54
ICriddle :APR-SEP!0.61 ! 0.16 0.48 1.811-5.4 0.63
! ]
B9 ocr o.38| o0.11 0.45 1 1.55]-3.65 0.45
Penman | MAR . |0.25 - ~ - - f -
@ 1 quw o.36 | - -1 S R
1) Sample estimates of correlation coefficient.

Since 22 years of simultaneous Penman and Thornthwaite
values are available, it was then tried to fing a reliable
correlation between monthly Thornthwaite and Penman values
with corresponding probabilities of 6éccurence. The results
and adequate linear relationships
could be derived for different Probabilities. (See Table
AG 2-2 below) Correlations between Blaney-Criddle and

various frequencies were all

Penman monthly values for
-found to be smaller.
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Table AG 2+=32: RELATION BETWEEN MONTHLY THORNTHWAITE
(x) AND PENMAN (y) VALUES FOR MLINGANO
STATION
|lprobability ' Standard Linear Standard exrror
of mnon- r_ .- deviation Regression of y about
exceedence ¥ o coefficients regression
g o line
: =
mr/day mm/gay a b SY x (mm/day)
0.25 0.85] 0.75 { 0.64 | 0.731.72 0.41
0.50 0.84) 0.74 0.69 ] 0.76 11,73 0.41
0.75 0.84| 0.76 0.781.0.87 |1.43 0.36
0.80 0.85§ 0.73 0.83] 0.96 {1.10 0.38
Arithmic 15 90i 0.73 | 0.70] 0.87 |1.35 0.43
- omean .|| T"TT 4

- Freguency -analyses were applied to computed Thornthwaite's E
values of all other stations (Tanga, Mombo, Amani, Kalimawe
and Same) and then converted into E, values with corres-
ponding frequencies, assuming that the above-mentioned
regression coefficients are valid for all meteorological
stations. The so obtained evaporation values from an open
water surface (or evaporative demand) are araphically
presented in Fig. AG 2-2-A.and B and are an useful and repro-
duction indicator for potential water reguirements of crops.

P

More detailed information on evapotranspiration reference
values and calculation methods can be found in Technical
Report No, 8 (Section 1I). '

2.1.3 ~ Agroclimatic Considerations

Since temperatures show little or no seasonal variations
(5-6°C) ; the emphasis as on rainfall, seasonal
distributions and evapotranspiration deficit, the

being a prodominant agro-climatological factor in the
region.

Mean annual rainfall can however be affected by altitude
and exposure to such an extent that it cannot be taken as
the only differentiating criterion between agro-climatic
regions. It is therefore the seasonal rainfall distri-
bution which will be the most important consideration when
agricultural development is concerned. Although seasonal
distributions may vary with geographical locations, most
parts of the regions show statistically significant dry and
wet months (see volume II).



Seasonal variations in relation to agricultural drought will
be discussed in detail in Chapter 2.5.

A compariscon of rainfall and potential evapotranspiration
on the other hand will define more precisely than rainfall
the availability of water for plant production as the
evaporative demand of the atmosphere varies with location
and seasons. Potential evapotranspiration (Epp) is

defined as the evapotranspiration of a crop, tree, or

grass cover when soil mositure is not limited and entirely
avaiable for the plant. BEpyy is related to the evaporation
from an open water surface (Eg) by crop factors, which are
almost independent of the geographical location within the
same climatic regime. Actual evapotranspiration (E_) can
be much less than Epo and depends mainly on the soil moisture
stress (e.g. Ea/Epo ratios for grasses can be less then

0.1).

Previous studies (BRALUP Research Paper No. 24) show large
water surpluses in south Tanzania during January till
March, which are related to the southern position of the
‘Intertropical convergence zone. As this zone moves north-
wards during April and May the surpluses shift to. central
latitudes of Tanzania and also include . Tanga Region.

From about June till October evapotranspiration deficits
occur everywhere except at the windward side of the Usambara
mountains. From October onwards evapotranspiration deficits
are somewhat smaller and tend to increase in January.

In general only during April and May soil moisture recharge
is significant in Tanga Region and subsegquently determines
the main crop growing season (March-June).

A second crop season may occur from October till November
("short rains") when evapotranspiration deficits are
relatively low - (Drought hazard however can be very hight).
The average number of months with water surplus (R =>Eyy)

is two in the Tanga Region, with exception of the Usambara
Mountains. A more detailed analysis of climatic differences
will be given in chapter 2.6 (Agro~Climatic Zones), '

The annual evapotranspiration deficit in the Tanga Region
has been analysed in more detail. Since variations in
evapotranspiration are much lower than in rainfall, mean
annual potential evapotranspiration was compared with 60%
and 20% annual rainfall (probability of non-exceedence)
and results were assumed to yvield the water deficits for
an approximate average and 20% dry year respectively (See
Map Drawing AG 2~1 and AG 2-2).

mm/day

60

3-0

mmiday

mm/iday

60

MONTHLY VALUES OF EVAPORATION FROM
AN OPEN WATER SURFACE {E,)

"
\\\ MLINGANO { 205 meter )
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\ =1~ A
,-\ ) \, . ’ -

3-0

FIGAG 2-24




Mean annual pdtential evapotranspiration has been calculated
by applying the E_ data from six stations to the following sub-
catchment areas: :

CATCHMENT AREA ') | mETEOROTOGICAL MONTHLY VALUES OF EVAPORATION FROM
' AN OPEN WATER SURFACE {E,)

L NUMBER STATION ttn Mday

. KALIMAWE [ S05meter )
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e
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Lrnn

- W
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PN
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SAME (970 meter }

mmiday

usl1,3,4,5 . | RAT.IMAWE

. ¥——4 025 PROBABILITY OF NON EXCEEDANCE
6-0 G 050 “ “ * b
) r— 080 " m » -

The applied E,,/E, ratios for different vegetation types
can be found In Technical Report No. 8, :

Tt must be emphasised that rainfall and evaporation data

in the Handeni and Umba districts are not sufficient to
give reliable results and evapotranspiration deficit
classes therefore must be considered ag rough extrapolation.

More detailed comparison of monthly E,, and rainfall
with respect to irrigation requiremen%s of crops can be
found in chapter 3.6. .. FIGAG 2-2B

1) For the definition of catchment and sub~catchment areas

see Vol. VII.
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FIG.AG 2-3 PRECIPITATION INTENSITY-DURATION-FREGUENCY
AT TANGA TOWN (1972 -1575)
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2,2 AGRO-ECONOMIC ZONES

2.2.1 Introduction

In order to study the agricultural situation of Tanga Region,
it is useful to subdivide the area into zones t@at are more
or less uniform from an agricultural point ?f view. The 3
original classification was made by B LUP . This was use
with slight modifications by TIRDEP gnd is also appl%ed in
this Report, again with minor modifications, as follows:

The zonal béundariés were shifted to coincide w?th
administrative sub-boundaries too. Although this change
tends to marginally reduce the homogeneity of some zones,
it eliminates the problem of having some zones covering
parts of two or more districts which should reduce po-
tential project %Tplementatiog problems and also allows
the survey data to be applied to the zones.

a) .

Two subZOnés were added, Handeni 3/4 - Central West

b) )
and Lushoto 1/2 - North West,

Eighteen agro-economic zones were thus defined and are listed
overleaf together with the administrative divisions and sub-

divisions they comprise.

i i Bureau of
—Economic Zones of Tanzania, D. Copyers,
and Land Use Planning, Research

1) Agro
Resource Assessment

Paper No. 25
2) Tanga Regional Development Plan 1975-80, volume 2, Tanga
Integrated Rural Development Programme

3) Tanga Water Master Plan, Technical Reports No.
No. 9. .

6 and

District 'AE“ane

Handeni: Hi
2
3
3/4
4
Korogwe: Ki
2
3
Lushoto: L1
/2
2
Muheza: M
2
3
4
Tanga: T

Pangani: ™1

East
Central

Nguru Mountains

Central West
Masad

Sty

Highlands
Wetter Plains

Drier Plains

‘Highlands

North West

Lowlands

Highlands

South Coast

North Coast

ny Zone

North
Scuth

15 -

Divisions & Subdivigions

Kwamsisi, Mkumburu, Mzundu.
Chanika, Magamba, Mazingara.

" Kimbe, Kwekivu.

Mgera.

" Mswaki.

Bungu, Vugiri.

Korogwe, Makuyuni, Magoma
Mnyuzi. ' _
Mkomazi, Mombo.

Bumbuli, Mgwashi, Gare,
Mlola, Soni, Vuga, Bagabaga,
Lushoto.

Mlalo, Mtae,

‘Mbaramo.

Amani, Bwembwera, Songa
Daluni, Maramba.

Richeba, Mtindiro, Kigombe,
Pongwe, Muheza, Mwakidila.,
Moa, Mtimbwani, Gombero,
Mabokweni.

Mkinga

Tanga.

Madanga, Mwera.
Mkwaja.

The zones are delineated on Map Drawinc AG 2-3.
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2.2.2 Areas and Populations

The areas and estimated 1975 populations and population
densities of the zones are given below:

‘fTable AG 2-4: AGRO-ECONOMIC ZONE AREAS AND POPULATION

Area Population Population
................ . Bgskm. e Density
H 1 East 2893 40,200 13.9
2 Central 4572 67,600 14.8
3 Nguru 2463 27,900 11.3
3/4 Central West 1254 21,000 16.7
4 Masai 2027 T 13,000 6.4
Handeni District. 13209 169,700 12.8
K 1 Highlands 286 41,500 145.1
2 Wetter Plains 1885 86,400 45,8
3 Drier Plains - 1585 ©3T7,900 23,9
Korogwe District 3756 165,800 44 .1
1L 1 Highlands 1317 169,670 128.8
1/2 North West 653 100,000 153.1
2 Lowlands 1527 " 13,500 - 8.8
Lushoto District 3497 283,170 81.0
M1 Highlands 1550 80,800 52.1
2 South Coast 1209 98,300 81.3
3 North Coast 1188 38,600 32.5
4 Dry zone 974 14,800 ©15.2
Muheza District 4911 232,500 47.3
Tanga 10 89,000 -
P1 North 976 30,800 31.6
2 South © 448 4,200 9.4
Pangani District 1425 35,000 24.6
Total 26807 975,170 36.4

The population densities are thus very variable, from the
very sparse populations of Handeni, L2, M4 and P2 Zones,

to the very dense populations in the Western Usambara zones
(K1, L1, L1/2).
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2.2.3 Rural Survey

A detailed rural §?rvey was undertaken;as part:gflthe Tanga
Water Master Plan’'’/. The survey includeﬁ-qugstlons on |
cropping patterns and livestoqk numbers,-whlch héve been
analysed by subdivision, district and agro*economlc.zone,
The detailed analyses are presented in Technical Report

No. 9. S

The maps on the following four pages indicate the ;elative
importance of the major crop and livestock enterprises

in each zone.

1) See TWMP Technical Reports No 6 and No 9,




2.3

2.3
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PRESENT LAND USE

Vegetation Map (1955)

The 1: 50,000 topographic maps and aerial photographs
were studied and the major vegetation boundaries delineated.
The maps were reduced to 1: 250,000 and a mosaic made

for the entire region.

The aeri

al photography on which ﬁ?é

maps are based was mainly undertaken in the mid 1950's. A
number of significant changes have taken place since that
time, in particular the clearing of bush for cultivation,
the destruction of forests and the establishment of sisal
estates but no adjustments were made.

Due‘to the reduction in scale it was necessary to combine
a number of the original vegetation classes for the sake
of clarity and the following eight classes have therefore

‘been delineated.

The included classes from the 1956/58 and

1967/74 series 1: 50,000 maps are also indicated,

1956/58 1967/74
Class Series Series
I Mangrove Mangrove Mangrove Swamp
1T Swamp/Rice Mbuga Seagonal Swamp
Swamp Tree Swamp
Swamp Vegetation Papyrus Swamp
Rice
III Forest Forest Forest
v Woodland Light Forest Woodland
Scrub and - _
Scattered Trees Scattered Trees
v Scrub- Scrub Scrub
Thicket Thicket
vI Village
Cultivation No Class No Class
VII Palm Palm, Mango Palms
VIII Estates Cultivation and ‘
Plantation Plantation

The vegetation map is presented as Drawing AG 2-4.
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2.3.2 Present Land Use Map A - by Agro-Economic Zone

From the extrapolated Agro—Economic Zone data, the percentage

of land under dry land, estate and tree crops could be
identified.  The area irrigated was derived from section
2.6 of this Report and the area of Forest Reserve from
Forestry Department records. The balance of the area in
each zone was given the classification grazing and
unutilized. ' ‘

Since dry land crops, tree crops and grazing areas can
occur on the same field, and cropping country is often

used for grazing at certain times of the year, the

dividing line between the three classes is indistinct.
Nonetheless the table on the following page gives an
indication of the relative importance of each class in each
Agro-Economic Zone. '

The percentage of land in each class is shown in Present
Land Use Map DRirawing AG 2-5.

2.3.3 Present Land Use Map B - Class Boundaries

The Present Land Use Map B is presented as: Drawing AG 2-6.
It is mainly based on the vegetation map and on the
district maps for forestry and game reserve areas.

The following classes are distinguished:

1. Agricultural - Predominantly Cropping
2, Agricultural - Predominantly Grazing
3. Irrigation Areas ‘ ‘

4. Estates

5. Forest Reservesg

6. Other public Lands under Forest or Woodland
7. Game Reserve
8. Game Controlled Areas
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e e 0 2.3.4.1 Introduction
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3| o] sw © oo o w oo o S o -~ E 9,_ The major crop production systems that can be identiried 1n
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3 N g o o N o] = Ujamaa Village Collective Farming
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3 1oLy 583 w48 Zsw o o 00 > EQal " Block Cultivation
SR Bl B BONKD See oo Oboasb | 000 D Estate Farming.
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® & 2t © Further subdivisions can be made into:
B & ‘
n oK - % Irrigated, Rainfed or Dry Farming
s — ] ] 3 (]
t&lo N - o - e |~ Permanent or Shifting Cultivation
< @ | w SN NE - O Yole)! o o HR L)) Monoculture or Intercropplng.
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g =0~ wweo MNOO wNw-= B smallholder Production continues to account for a large
Q 0] proportion of the agricultural output of Tanga Region.
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~.J - N o — N L . A . . . ! i T . .
py po s PRV N O o - g e requirements with limited volumes of specific ¢as}‘]1)crop
& ol | BN N ® O R o 0w 0 and surplus staple crop production being marketed'’.
- ol u o e MM H oo 2 Detailed analysis of cropping pattern by agro-economic zone
2, u a is presented in Technical Report TR 7.
0
5 o 1 — a Traditionally the villagers of Tanga Region practised
= il I o b 00 bl D f_f: g shifting cultivation, with an extended bush regeneration
™ ~3 IS N No Mo RENNEN KU-R o P phase following each relatively short cropping cycle. As
o B population pressures have increased however the emphasis
a has changed towards more permanent cultivation,
~ W Smallholder irrigation is undertaken in the Usambaras,
~l e [FLREN | W - NN |t . . .
@) ol oobd s ol P a Q 5 E producing staple food Crops and .vegetables _and in
s O RN w1 O W0 = BT W ONGE&O |00 BN several valley flood plains, mainly producing rice. The
20 w | o i OMw OWLD WwooOowu pg oo irrigation schemes of the region are described in section
. ' 2.6 of this Report.
=
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- o Pl ol Oww uvisown mRa achieving adequate labour inputs and productivity and it
o is considered likely that progress will have to be made with
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p N . : N . .
2l aw 0 Ut = Ut = o S =3 N 8 N g s g production should become more important in the region.
(=21 (@) Lo L W ~] W 1D QO Oy~ W WO~ n oSN
oo O o W= =] W W o - Y~ N OO Wb o -
» L] - » L) [ ] L] L] - * - * [ ] - [ ] - L] . Q_‘ 5
o | O~ TS S e WD Y W = o WO ~1 = Q _
e} N ) )
= = = — _ 1) Exceptions occur in the Usambara Mountains where extensive
- o - o o tjj e 5va ML . . smallholder production of tea, coffee and vegetables is
g g; o E 8 Lo :6' = g; o AU O . undertaken and with cashew and coconut production in
—
XIRE Npew wewn et e gt - the coastal areas.




Block Cultivation refers to the communal cultivation of
village lands, often by tractor, but with the remaining
operations undertaken by the families on their individual
farms. It would appear that greater productivity can be
achieved under this system than under collectivised
farming at present and it is considered to represent a
logical intermediate step between smallholder and eventual
fully collective operation.

Estate Farming is very significant to the cash and export
economy of Tanga Region. It is also a major employer

of labour, and at least has the potential to become a
vehicle for technological development throughout much of
the agricultural sector. The main estate Crops are:

— Sisal grown in the coastal areas and in the plains
and foothills surrounding the Usambaras.

- Tea,grown in the Usambaras,

- Bananasg and coconuts small estates occur ‘along the

Pangani River.
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2.3.4.2 Cropped Areas

The areas of the most important arable and tree crops by
district are given in the following tables: ’

Table AG 2-6 ARABLE CROP AREAS (1000 HA)l)

District Handeni Korogwe Lushoto Muhezaz) Pangani Region
Beans 10.2 6.1 30.0 1.4 - 47.7
Maize 42,0 35.9 39.1 32.7 4.7 154.4
Rice 1.1 5.4 0.8 4.0 Q.7 12.1
Vegetables 0.4 0.8 4,4 0.3 - 5.8
Sisal 3) 1.2 0.2 0.2 2.84) - 4.5
Sisal, Estate™. 2.5 48.4 0.6 50.5 8.7 110.7
Cardomom 0.1 2.0 1.2 2.0 - 5.2
Cotton 3.2 2.1 0.4 - 0.1 . 5.8
Groundnuts - 0.1 0.5 0.2 Lo 0.9
Sweet Potatoes 1.3 0.6 9.5 0.5 0.4 12.3
Irish Potatoes 0.1 - 11.8 - - 11.9
Sorghum 2.0 - - 7.2 0.5 9.7
Bananas 2.6 3.1 14.7 38.4 0.3 59.2
Cassava 6.1 5.3 12.9. 28.2 3.7 56.3
Total : 72.8 110.4 126.2 168.3 19.2 496.8
Smallholdexr 70.3 - B6l1.8 125.6 117.8 10.5 386.1
Estate 2.5 48.4 0.6 50.5.. 8.7 110.7

1) Includes Estate and Urban Centre crops and therefore differs
from the district summaries of Technical Report TR 7,
Agriecultural Statistics of Tanga Region

2} Includes Tanga Town
3) Area under sisal, as opposed to area of estate used in TR 7.

4) Includes 1821 ha in M2 AEZ and 647 ha in M3 AEZ, owned by
ujamaa villages

5) Excludes banana plantations along the Pangani river

Source: TWMP rural survey extrapolated
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Table AG 2-7 TREE CROP AREAS (1000 HA EQUIVQ1)
2.3.5 Livestock Production

{
| !

‘Handeni Korogwe Lushoto Muhezaz)Pangani Region

2.3.5.1 Introduction

Livestock form an important part of the agricultural economy

Coconut ;0.3 5.4 . 0.2 14.3- 4,2 24.4 of Tanga Region, as shown by the following table.
Coconut, Estate - - - - 0.6 0.6 .
. i ' Table AG 2-8 TOTAL LIVESTOCK NUMBERS - BY DISTRICT 1975
Ccitrus 0.3 0.2 0.1 2.1 0.1 2.8 (1000 HEAD) ' '
Citrus, Estate . - - - 0.2 - 0.2 | = L o
Cashew ‘ 2.9 2.2 . 0.3 35.0 6.8 47.2 _ Han- |Koro- |Lu- _Mug?— Pan- |Region
- ' : - : R - |deni jgwe . |shoto{za“’/ |gani S
IPome - - 0.4 3.5 - - 4.0 3) '
| ! Cattle Smallholder 60.8¢ 76.51116.1§ 21.3] 1.4 276.1
Mango 0.9 .. 2.0 1.8 0.8 0.3 5.8 Ranch 13.0{ 1.0§ - ¢ 10.0}18.0 42.0
%Coffee - 3.8 6.2 - - 10.1 : ‘Masai 35.0 - 8.0f - |- 43.0
b 18 as 1 ia sheep ) | 27.8} 24.5} 94.9] 45.6] 1.3 | 194.1
; ea - . . O . = - - ; : )
; - i ' leoats™ 88.4| 69.9(139.7} 96.6] 5.2 | 399.8
‘Tea, Estate - - 0.5 - 2.4 - 2,9 | Pigs - 0.4 3.2} o0.1] - 3.7
écOcoa,Estate - - - 0.9 - 0.9 é Hens') 308.61270.41404.2{359.3] 52.7{1394.1
% ' | Ducks 13.1] 16.7| 20.9] 10.6| 1.0] 62.3
:0il Palm, Estate - - - 0.3 - 0.3
? : : = Donkeys 0.41 0.3] - 0.3 = 1.1
éTotal . 4.5 15.8 15.3 56.1 12.0 103.7 o f"'4) ''''' S IS AU SRS S
5 . i tal L.U. | 131.8{ 96.5]/168.5] 59.0| 21.0] 476.8
Smallholder 4.5 15.8  14.8  52.3  11.4 | 98.8 | | froral L.U.77 o |1S1eS) 0.3 RS TR B A
Estate ‘ - - 0.5 '3,8 0.6 E 4.9 | 1) Since the Table includes Urban Centre, Ranch and .
' ;‘ : Masal livestock, the figures differ from the district |
summaries of TR 7 which refer to smallholder livestock

1) Includes urban centre and estate data and therefore differs ' only. ' _

f from the district summaries of TR 7 i 2} Includes Tanga Town, Tanga District and Muheza
: Conversion Factors (trees per hectare equivalent) ' : District.

i Coconuts 125 Pome 250 Coffee 2000 ; - 3) Includes urban centres.

! Citrus 250 Mango 75 tea 9000

4) L.U. = Livestock Unit, One L.U. is the stock equiva-
lent to a mature cow of 300 kg liveweight.
1 L.U =1 beef animal
6 sheep or goats

| Source TWMP rural survey extrapolated. | ' 1.2 donkeys |
| |

i Cashew 60
1
2) Includes Tanga town

100 head of poultry

A more detailed analysis is given in Technical |
Report No. 20. : |

A brief description of the major arable and tree Crops grown
in Tanga Region is given in Technical Report No. 20.
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The percentage of the total livestock population ef the
Region (expressed in Livestock Units) represented by each
type of stock is as follows:

L.U.x 103 %

Cattle 361 75.8
Sheep 32 6.7
Goats 67 14.1 .
Pigs 1 0.2
Poultry - 15 3.0
Donkeys 1 0.2

477 100.0

2.3.5.2 Stocking Intensities

From the extrapolated survey data, L.U. per agro-economic
zone were calculated. Since poultry are insignificant
contributors to grazing or watering pressure, they have

been excluded.
Two stocking intensities are calculated,

a) L.U./Total AE Zone Area ~
b) L.U./Grazing and Unused Land as calculated in section 2.3.

Table AG 2=9 STOCKING INTENSITIES BY AGRC ECONOMIC. ZCNE

. ! a b

§ AE Zone | Area L.U. LU/sq.km | LU/sq.km
| Total Grazing Total |Grazing
} ........ 'sq.'km . 'S‘q.'km o - Avea - - 1 Arem -
‘Handeni 1 2893 2574 | 15900 5.5 6.2

; 2 4572 4094 | 44500 9.7 10.9

i 3 2463 2234 { 10500 4.3 4.7

i 3/4 1254 1071 | 34100 | 27.2 31.8

; 4 2027 1960 | 23600 | 11.6 12.0

| Korogwe 1 286 83 | 9900 | 34.6 119,31
: 2 1884 921 | 51300 | 27.2 55,7

| 3 1585 - 1176 | 33100 | 20.9 28.1
‘Lushoto 1 1317 232 | 108000 | 82.0 465.51)
- 1/2 653 79 | 39800 | 60.9 503.87)
: 2 1527 1444 | 16500 | 10.8 11.4
‘Muheza 1, 1550 - 584 ! 10600 | 6.8 18.2
. 2%) 1§ 1219 185 | 29900 { 24.5 161.61)
s 3 1188 541 | 8200 6.9 15.2

] 4 974 833 5100 5.2 6.1
‘Pangani 1 976 5651 7200 1 7.4 12.7

; 2 ¢ 448 400 : 13300 | 29.7 33.3
iRegion - . - . 26807 18976 461500 . . 17.2 24,3

51) The livestock in these zones are largely supported on
the cropped areas and pbrobably in the forest reserves.
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Some of the stocking intensities calculated above would

appear to be virtually physically infeasible, in particular

in the Western Usambaras, although the stocking rates in
this area are certainly very high. A possible explanation

is inaccuracy in the data provided by the survey respondents,
but the survey data is nonetheless included without adaption.

In the following table the stocking intensities are placed
in sequence (total area basis).

Table AG 2-10 STOCKING INTENSITY CLASSES

Intensity . AE Zone . Hectares/L.U. ..L.U;/Sq.kﬁ?
Low H3 23.2 4.3
M4 19.2 5.2 |
‘"1 18.2 5.5
M1 14.7 6.8
M3 14,5 6.9
1 13.5 7.4
Moderate H2 10.3 9,7 i
L2 9.3 10.8
H4 8.6 11.6
" Mean 5.8 17.2
‘High K3 4.7 20.9
M2 4,0 24.5
K2 3.7 27.2
H3/4 3.7 27.2
P2 3.4 29.7
Very High K1 2.9 34.6
L1/2 1.6 60.9
I R 1.2 82.0

The extensive livestock areas are thus generally in the

west, north and south of the region, with intensive stocking
concentrated in and around the Usambaras. The main

anomalies are P2 (Pangani South) and X3 (Korogwe Drier Plains),
which are relatively heavily stocked, the former due to

the presence of Mkwaja ranch. M1 (Muheza Highlands) on

the other hand, is very lightly stocked in relation to the
remaining highland areas, due largely to the extensive

areas of forest and undeveloped country and the relatively

low population density.

The major livestock enterprises of Tanga Region are briefly
described in Technical Report No. 20.
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2.3.6 Forestry
2.3.6.1 Classification " — - - . :
A . ! 3
There are three main classifications of forest land in 2o N P
Tanga Region // s >
/w3 ‘
- Forest Reserves = ,V‘%a: ‘
- Public Land Forests - v 22 =gt ¢ OF ;
- . i zw ™ o2 =
Plantations //, « ! . c:::%z;. :
X ™ - ——— (7 - e
/ = e T ﬁ‘g: -
Forest Reserves g2 e
: ) - r-—".c"‘?‘g. '
The forest reserves mainly comprise har@wood species, many [y
of which are suitable for ??e production of construction VA
or veneer material. BRALUP gives the following classi- /k’n
fication of Productive and Protected Reserves for Tanga /
Region. ,/ ‘
' ) : 2 /L
Table AG 2-1}1 FOREST RESERVES, TANGA REGTON o
' . Lueheto . ”ﬁﬁﬁeze “ | N
Handeni Korogwe Pangani Tanga Total 1
Productive Reserves
Closed Forest 439 9393 608 3055 13495
Woodland 18107 3852. 1813 2487 | 26259 3
Grassland - - - 1085 1085
Mangrove - - 600 10004 10604
Protective Reserves g i /
by = v ~., s
i & e i x cﬂn 5 S < 4
Closed Forest 20430 35044 - 14673 70147 5 2 ) \ e ;
Woodland 10954 1501 - = 16860 o8 / L
Grassland 36 701 - 364 1101 2 %'é i __'_'i:.f' i
’ ! ‘.‘J‘ ‘\_\ _— /-
‘ L 5% ﬁﬂﬂmﬁw%z{g S de A
TOTAL 49966’ 50491 3021 36073 139551 i §§§ . 233 _ N = g !
; ———rem “ §_ = -.é, - \\‘\ l:::g I o ™
Source: BRALUP Research Note 5d (December 1968 data) N .. 3 E 21 5 9 j s S
. S $ 8§58 22355 8 e ; |
o o = .
In addition there is a total of 1,585 hectares in local authority i § 3 ? i Z T " T'? : H\~‘! 1
reserves in the Lushoto/Korogwe area. : & “ @I xh g e ‘(\‘ #
Forest Reserve areas compiled from Forestry Department : - \~\ f
records and maps were glven by Agro-Economic zone in ' ' N
Table AG 2-5. . ) "
' I : ! : oy y
1) Bureau of Resource Assessment and Landuse Planning
University of Dar es Salaam, Research Note Sd/ 1969
FIG. AG 2-5
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Public Land Forests

, These forest areas are largely used for the production of
firewood and charcoal on a local basis. Some logging is
undertaken under permit. Marked reduction in the area of
Public Land Forests has occurred over recent years parti-
cularly in Lushoto District,

-
LI

Al

Plantations

There are three major plantation forests in Tanga Region

-1 SUOIRIASIQAY

G oomeo =0

—g- £1R0G 09
T donys =yg

: -E'Mnnod =0d

Main Species

il

FNOZ JIWNONOIA~0HOV A SHIGWNN LINN A0 LSIAIN

-
5% Shume Cypress/Pine
88 Lungara Teak
35 Kwamkoro Hardwood/Teak
w iy
L 2= 3
i ES Timber Mills
i
! The main units within the region are located at Tanga,
g, -— Mkumbara, Lushoto, Mombo and Muheza.

2.3.6.2 Forestry Projects

——

TE Y— =

Major projects being undertaken by lccal or national
departments are as follows:

",

x;§9 - supply of seedlings to 100 Ujamaa Villages
— 180 - afforestation of catchment areas
—~—dE T - plantation extension _
g - - natural regeneration of Magamba forest, Lushoto District
- = 8ok C
\“\m E?J : )
"a.. TEER- 2.3.6.3 Future Developments
L Mazh :
. A \ ,;g;‘ = There would appear to be considerable scope to increase the
o o LN &\ F=a) . value of timber produced in Tanga Region, particularly the
g2 - 'Iar"\ﬁ“: B veneer types, which could form a valuable export product.
= )/Egz B 4oz, ;/ ' Overall the forests, particularly the public land forest
i / §§€“‘; F o - ,ﬁig B /{ ISR S ' areas, have degenerated significantly over recent years,
i £ : \ 5 B - 4 . with consequent effects on climate, erosion in catchment
‘l _ =3/ areas and the loss of a potentially valuable product. It
5 T [ is considered that great emphasis should be placed on
‘ﬁ% 1% / maintaining and improving the remaining forest areas, and
NS i on promoting extensive regeneration or replanting in areas
\ - ‘ - T 'TW 3 not essential for, or suited to, continuous food crop
) H 1 i : i 2 production.

FiG. AG 2-8
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2.4 IRRIGATION SCHEMES
2.3.7 Game Reserves and Controlled Areas
' Irrigation at present in Tanga Region is of very little
There are four game reserves or controlled areas lying . ' imgoitance iﬁ gompareg with riénfiddagiicultugeéoghi
L . . , - .total irrigated area being’ estimated at some 9, a.
p§rtly within Tanga Region, which are listed below tQQEthe? cf In the past only little attention has been given to
with their area within the region. . , E : irrigation development, due to the following (probable)
5- reasons: -
Area within Tiﬁga Reglon ;‘ 1} A large part of the region receives sufficient rainfall
Sq. xm. : L . for rainfed agriculture, predominantly sisal, tea and
. 1220 i - coffee. Supplementary irrigation of these estate
Mkomazl Game Reserve o crops has always been considered infeasible.
Handeni Controlled Area - 33350 o | 2) The major water source of the Region is the Pangani
. B " river, but in making use of its water priority has been
'Kallmawe‘Controlled Area 163 A - given to hydropower development instead of irrigation.
Umba River Controlled Area ‘ 430 3) Most of the potential irrigation areas are almost only
5785 suitable for rice cultivation. However, rice is not a

C ‘ local staple food but a rather unimportant cash crop.

: The incentive to grow rice on a large scale has there-
_ : fore been absent in the past, but will now be promoted
The game reserves and controlled arcas are shown on Present by the Government with improved marketing systems.
Land Use Map B, Drawing AG 2-+6. : .

Most of the small irrigation schemes which exist at present
time or which are proposed in the near future are situated
in the Mkomazi valley, the Lwengera valley and along the
Umba river and its tributaries. The valley of the lower
Pangani river, which has apparent irrigation potentials,

is little or not developed. On the slopes of the Usambara
Mountains traditional smallholder irrigation has been in
practice for a long time. ' ‘

Irrigation practice in general is rather poor and consists
mainly of flooding and furrowing by gravity. Some un-
successful trials with overhead irrigation were carried
out on private tea and coffee estates in the Usambara
Mountains. Occasionally sprinkler installations are used
on sisal nursery beds, and for vegetable crops in the '
valley bottoms of the Usambara Mountains.

All the schemes, with exception of the Usambara schemes,
are poorly managed and maintained and control structures
are in a poor state of operation. A proper water distri-
bution on the fields is almost everywhere -missing, partly
due to the shortage of field extension officers, partly to
lack of funds.

Irrigation in the Usambara Mountains shows better field
distribution techniques, but if practised on the steep
slopes it causes, however, a tremendous exosion problem.
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Drainage and flood protection of irrigated land are in
most cases .absent or neglected. Reclamation of salt-
affected or swampy areas is seldom seen. Successful
drainage is practiced in coconut plantations along the
tidally influenced Lower Pangani river (reclamation of
mangrove areas).

Before the end of the financial year 1974, all irrigation
activities were coordinated and supervised by the Water
Development and Irrigation Department (W.D. & I.D.) in
the Ministry of Water Development and Power, but after
that date the Irrigation Department was shifted to the
Ministry of Agriculture (Kilimo). Since Kilimo is not
quite adapted to the new situation, the Ministry of

Water Development and Power (Maji) may still give
technical assistance to carry out irrigation works which
are now planned and supervised by Kilimo. Files, drawings
and historical background of existing projects in Tanga
Region can still be found in the office of the Regional
Water Engineer in Tanga. '

At present, however, the Irrigation Division of Kilimo is
strongly understaffed and comprises: '

1 Officer in charge of Irrigation for Tanga and Muheza
district (he is also a co-ordinator on a regional
lavel)

1 Executive Engineer (Indian Technical Aid) stationed in
Tanga

1 Officer in charge of Irrigation for Korogwe district
(left in May 1976)

1 Officer in charge of Irrigation for Lushoto district

These officers are responsible for all irrigation projects
in the respective districts and are responsible to the
Regional Agricultural Development Officer. Moreover a new
National Directorate of Irrigation has recently been set
up in Dar es Salaam which is to provide the ability and
staff to work out project proposals and coordinate all
irrigation activities in Tanzania. They also intend to
delegate most of the work to the Regions and to appoint a
Regional Irrigation Engineer in each of the Regions.

At present no Irrigation Enactment exists in Tanzania and
gazetting of irrigation areas cannct be controlled by the
law. The legislation of the utilization of public water
resources and waterrights is laid down in the Water Utili-~
zation Act of 1974 (see also Vol. VII, Sect. 9)!

Once an irrigation scheme has been constructed (mostly with
self~help of the local farmers), it is handed over to the
users which then bear full responsibility for maintenance
of the scheme. For major repairs they can apply for assis-
tance of Kilimo or Maji (situation not yet very clear). New
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irrigation schemes are planned and implemented on reguest
of the landowners or users (mostly collective farmers or
Ujamaa Villages), whereas the water rights have to be
applied for by the District Development Director. These
water rights are then allocated by the Ministry of Water
Development and Power. During the last years no applica-
tions for water rights have been made for individual
farmers or pirvate estates.

A brief summary of the most important irrigation schemes
and the estimated present water consumption is given in
Table AG 2-12. A more detailed description of all exis-
ting projects can be found in Technical Report No 20,
whereas the location of the existing irrigation schemes
is displayed on Drawing AG 2-7.

Estimated present irrigation water c¢onsumption by Agro-
Economic Zone and by sub-catchment areas is presented in
Tables AG 2-13 and AG 2-14 respectively.




L NG ‘9 NE 'Y NG ‘Z WA ‘T W {¢

m 0 €01 : sie'es |steson uotTun sativiado-o) ebueg, (1
0
1 ISAT ;
< - . 80Tx H@»M 08 , - v Is €N 518 Temog | TUOqUY
™ butddoxo . .
-+ - . - B3Ny 051 . _ | ¢ 18 n selepquips) UI9]SEq. susyog
& poxT : . 3o sadorsicod |uotaebTiar AMSOSTH
» A 1. _ A .
4 SETEW ISATX : 2UBYOS u 33}
- 117 - W0, ¥ sBeTTTA YOS uoTIebTIAT
P o 9 3§ TTTA squelTiieny equSLTYeMH
M - mmmmcmnm | . xodmoo
o' Ep ' 8803%q0 BEISATI - 0059 (z N\ﬁﬂ.ﬁﬂ T sexequesp uoryebraar
ss1qelsbaa | snotiea ursjlseom ATUren muma&mwm
2Tl : IAATX
v's ) - 0ot : G0t z Wn Cr uterd pootg vznbun
Q0TI BqQUIf] ; , , eaqun xa2ddp 1
. 2z TRH TOATI :
¥ 01 I . 1 , i , /T T uteTd poord uoTaebTrx
: SotT oo oy | ore Z Hn Tt s gedas | uo>wpﬂw
o : i
8¢ 0TI REMTRAR . 1 < . SAADEDY omRn _
™y 8074 | 007 | T HWn ﬂ tzeRWONW BuTISpIOH 9ENBIUY—-OBUTATY
t
y Cleyd g nbus i ; Z SA19SIY Bied
8 ¢ T I Us oog . 0GT { 1T Hn T Fzemoyy Butispiog sherTTTA TZeuy
. ABATI ) _ DAXDSIY oSwe .
a°'c 201X , -z 2 ) swsyog
_ rTUMTRAH 0se , 002 1 Wo 1 TZewoyH Sutaepiocg uoTebTII] TIEUuR
. IBATR ’ _ _
1°0 20T Tuebubg oz 01 1624 Ig |KeTTen tuebueg xemoq (1700
. seueUdeq IVATI .
70 90Tx Tuebueg oS : o4 i 6 Da - lg |ASTTeA TuebBueg oMo oospeblueg
. |  seueue _ “ : '
971 OTX q probusmy og | 08 '8 Nd Ty KoTTen easbuenmy 8w obusigy
¢ ool ey [ (ew cox
{ uoT3dums mmouu munnow - pe1ebhTIxT fussexd Je ¥
-uo) zojepm | pojebriir z93EM 3q 03 ®aaIR HOT3eRTAIT Juen . wcﬂm 23718
Tenuue | xoleR pasodoxd fepun eoxe BRESAC oﬂaonomm UOTIR00T 2o aurep
peiewilIsa . TeT3Tuzr | peavarisy qos| - oaby _
REVIEW OM EXISTING IRRIGATION SCHEMES (1974 - 18975)
. ] Agro - . sub - mmﬁwﬂmdm& Initial : . Estimated
Name or Location Economic | Catch- wnmw QSﬂmH proposed Water . EWHOH annual
Site Zone 'ment irrigationjarea to be|Source Jirrigated Water Con-
' Area |2t present|irrigated crops  |sumption
| (ha) (ha) 10° m’
Mkomazi Valley . : . KWOEWNH rice,
N .
Bendera-Mikocheni Upper Mkomazi Valley 53 PN 2 400 - Boo River maize 7.0
Lake Manka Upper edges of Lake K3 PN 2 150 - Mkomazi | . 5.4
Swamp -Majengo , . _ River ’
Mazinde Mkomazi Valley Ky~ PN w. 120 - zwnsmnw rice 2.0
River
1 . .
w tombo Irrigation |\ mazi valley K. | pn 3 240 240 soni riee, 3.3
™ Scheme ; 3 . river maize .
! T e . \ .
Kwesasu - , , , Soni rice,
’ : t P O .
Kidundai Mkomazi Valley K3 | N 3 200 200 river maize 4.0
. bananas
' Checkelei | Mkomazi Valley K3 | BC 6 110 110 Vuruni rice 2.5
Irrigation Scheme 1 river '
| | Kwamngumi At Pangani river Ky BC 6 60 160 Pangani | rice
— near Korogwe . . 4.3
1 river fishponds
~ .
i Mahenge Lwengera Valley Koy PN 8 160 280 Nkole rice 3.9
P, : : ) river bananas :
Al |k . | K, | 8 80
3 izara Bombo -Majimoto 2 - VM 4 - 8O mOﬂUo rice 1.1
I (Footslopes Eastern - . tribuy-~ _
o Usambaras) t tary
Kwemazandu Lwengera Valley Ky - PN 8 70 70 Lwengera rice 1.7
river "
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Table AG 2 -13 ESTIMATED PRESENT IRRIGATION WATER CONSUMPTION

PER AGRO-ECONOMIC ZONE (AS PER 1975) 2.5 DROUGH’If ANALYSIS
Agro-Economic Water Consumption Area under irrigation » T
. Zone In m3 x 10°® per year In Ha _ _
) Although annual rainfall can be fairly high, agricultural
activities in Tanga Region are very much hampered by
X2 12.6 450 . ; . . ;
severe moisture deficiencies during the growing season of
: - a particular crop. Rainfall must be considered as the most
3 20.9- . 1,220 _ | important input to the agricultural system. However, not
- = the mean rainfall, but the distribution of rainfall over
Pl A 0.3 - 35 i the growing season determines to a large extent the sucess-
. fulness of a particular rainfed crop growth.
L1 36.0 5,400
- - — ' - i - Impact of drought and rainfall distribution and its con-
Li/2 12.2 1,260 : sequences for agricultural activities have therefore been
: studied by analysing the daily rainfall pattern and the
1.2 21.0 1,010 | frequency of dry spells, details of which .are presented
- ' - . in Technical Report No. 19 entitled "Analysis of Drought”.
Table AG 2 - 14 ESTIMATED PRESENT IRRIGATION WATER CONSUMPTION PER ‘Within the scope of the Tanga Water Master Plan, this
- - ‘ . drought analysis aimed in the first place at providing
SUB-CATCHMENT AREA (AS PER 1975) -
: useful  information for better land use planning. In
addltlon, the drought study may be considered as a first
: — ) . : attempt to indicate some human adjustments to drought and
Sub-Catchment Area Water Consumption Area under irrigation | the possibilities of drought evasion (see also chapter 3.3).
tn 106 m3 per year In Ha -é
j Finally the so obtained information could be used in
PN 2 9.4 : - 550 ‘ defining some major agro-climatic zones in the Region
PN 3 9.3 560 : Lf (see chapter 2.6}). ‘ -
PN 4 18.0 2,700 ﬁj - For the purpose of thls Study, a distinction has been made
PN 5 2.9 110 f: between meteorclogical”and agricultural drought.
PN 6 10.8 1,650 ;} The first one refers exclusively to the length and frequency
PN 7 4.0 600 | _ of dry spells, without any regard to water requirements
_ ‘ ;| of plant and animal. Agricultural drought refers to direct
PN 8 7.2 310 o soil moisture stress in the rooting zone of a particular
PC 6 4.3 60 o crop and is usually expressed in terms of crop failure or
' E 2 yield reduction. The latter is considered as a reliable
PC 9 0.3 35 . : drought indicator of the agricultural system.
UM 1 10.6 600 '
UM 2 25.8 2,120 ~ 2.5.2 " Méteorological Drought
UM 4 1.1 | 80 '
Frequency analysis of dry spells during the average potential

growing season {defined as total year less significant
‘driest months) were carried out for 18 rainfall stations in
Tanga Region and one in Kilimanjaro Region (Same).
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Table AG 2-15  ANNUAL RAINFALL VARIABILITY
Station Ref. Years P75~ 'PSO P25~ - Vari: A.E.
ability - Zone
mm mm mm %
Amani 0538 003 66 | 2200 | 1900} 1600 15.8 Mi
Ambangulu D538 004 45 | 2460 | 2000} 1620 20.6 K1
Amboni. D539 010 25 | 1400 | 1085 865 23.6 M3 ‘ FiG. AG 33 SRULATION OF SOIL-MOISTURE DEPLETION
Balangai 0438 002 | 53 | 2070 | 1580 1250 | 24.7 L1 HERANPLE. FOR' PONGWE RAINFALL STATION )
’ YEAR: 193%
Gonja 0438 011 35 1065 808 | 732 18.5 Kilimanjaro : PLANT DATE-FEST PERIOD OF MAY. (MAY 1)
' MOISTURE @386 CAPACITY OF - SOIL: 50 mm/ 100 cm DEFPTH {SOIL {}
Hale 9538 010 39 | 1400 | 11851{ 975 17.9 K2
Handeni. 9538 007 47 | 1040} 8351 646 | 23.4 H2 pSMD « — A PAISTURE DEFLETION. _
Hekulu - 0438 028 | 23 | 1620 [ 1270| 1020 | 22.7 1.1 MAHLS POSSIBLE MOISTURE. DEPLETION
Karimi o538 013 40 '] 1600 | 1300 1100 18.5 K2
Kigombe - ©539 009 36 | 1500 | 1250| 965 21.7 M2 e { Peviod= 6 doys )
Kikwajuni 9438 021 29 890§ 655| 570 21.9 K2 E
Kiwanda 0538 025 31 | 1440} 1245} 1065 14.9 - p1 z
Korogwe 9538 008 40 I 1380 | 1080; 815 25.7 K2 g
Kwamdulu 9538 020 37 1220 980 780 22.0 K2 LEL
Kwamgwe 9538 032 21 | 1500 ] 1200| 960 22.0 H1 2
Kwamkoro - 9538 014 401 .2500{ 2200) 1900.| -.13.6 M1
Kwashemshi 9538 012 30 1320 | 1050 850 21.7 K1
fuushoto 9438 003 53| 1280 | 1ovr0] 970 13.8 1 rﬂJEZ%Q r
Lwandai. 9438 001 26 | 14801 1170]| 880 25.4 L1/2 VU osuye U Taue, !
Lwengera 9538 .030C 20 1470 | 1015 860 26.2 K2 . :
Mabogo 9438 020 25 736 { 606 524 16.8 K3 f%fﬂ
Magamba 9438 013 38 1170 | 1040| 900 13.0 L1 7]
Magoma 9438 016 25 9151 680 604 20.4 K2 ; 0s) g
Magunga 9538 015 43 | 1600 | 1300] 1045 21.0 M1 : ]
Makinyumbi 9538 019 37 1490 | 1240f 1010 18.5 H1 . 0-6+ CROPF II: GREEN GRAM
Mandera 9538 017 33| 1140| 865] 690 24.6 K2 o] {3 month |
Malindi 9438 .024 27 770 | 620| 530 18.5 L1/2 ' VALUA .
. g UATION : +
Mazinde S.E.|9438 o18| 24| 1o80| 90o| ‘eso| 24.1] @ x2 o 0N - Frobabie norme, ield (1}
Mazinde Fac. {9438 019 41 940 750 570 24.5 X2 7 : _ 4 :
Mazumbai 9438 023 40 | 1eoo | 1315{ 1070 19.8 L1 S 0. . Err e . .
; ; . 01 I ZEET R 31Q 10 12430415
‘Mswaha 9538 033 22| 1tos5| s&70| e48| 26.1 K2 e . Period [l cfter planting
Mtotohovu 9439 Q06 45 1 11801} 1085 820 18.0 M3 : | Period of severe Mmoisture stress
Muheza S.E. |9538 028 22 | 14001} 1140] 890 22.2 M2 L PSMD . s
Muheza M.L. |9538 029 . 22 1415 | 1120f 1010 16.7 M2 : _ 1.0 .
Mwambani. 9539 019 22 | 1410 1140| 870 23.7 M2 - :
Mwele 9438 025| 22 1515] 1240] 1045} 18.4 M1 e
Mwera 9538 022 37| 1425} 1141} 948 20.1 P : .
Ngaraya 9538 002 40 1970 | 1770} 1260 21.9 K1 : | CROP I: MAIZE
Ngombe z3, 9538 018 35} 1295] 1020| 800 23.6 K2 04 (4 month }
Pangani 9538 006 58| 1460} 1190] 1020 17.7 Pl ; & /
Pongwe S.E. |9538 021 371 1350{ 1165] 920 18.9 | M2 ST T TR T T T O T R CE R T TR
Sakura 9538 009 48 12851 1160 940 15.5 Pt . Period (n) after planting
Shume 9438 012 45 860) 745| 660 13.2 L1/2 _ ' ' _
Tanga 9539 000 68| 1570} 1330} 1070 18.1 T : o i
Tanga Alrport|{9539 015 21 1550} 1175} 940 24.5 T

% Variability = .°75- Y25 x 100
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The analysed stations were classified according to their
relative drought hazard and 3 classes were distinguisted:

Class 1 : Relatively low hazard of meteorologicai drought
with low to moderate annual rainfall wvariability.
Moderate to good possibilities for rainfed arable
Crops. .

Class 2 : Relatively moderate hazard of meteorological
drought, with moderate to high annual rainfall
variability. Poor to moderate possibilities for
rainfed arable crops, especially on light
textured soils.

Relatively high hazard of metecroclogical drought,
with high annual rainfall variability. Poor
possibilities for rainfed arable crops, with
regular total crop failures.,

Class 3

Class boundaries were then compiled by inter- and extra
polation and are displayed on Drawing AG_2-8.

For this purpose, use was also made of information on
‘annual rainfall variability, as presented in Table AG 2~15
for stations which have more than 20 vears of records. It
must be noted that clan boundaries in the Handeni area

are the least reliable ones, due to lack of adequate
information.

2.5.3 Agricultural Drought

The impact of agricultural drought has been analysed by
simulating soil moisture depletion in the rooting zone
for a particular crop.

Daily rainfall records of 16 stations were used as
stochastic input to the simulation model, which has the
following variables.

- Crops (growing cycle and root depth)
- Soil characteristics (moisture holding capacity)
- Crop water requirements {(consumptive use)

It was assumed that, more or less according to local practice,

a crop will generally be planted or sown after a 3-days

potential plant event). Simulation of agriculture drought

(expressed in soil moisture deficiency) was then carried
out for all recorded potential plant events (See Technical
Report No. 19).
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An example of such a similation process is presented in
Fig. 2-92, based on data from Pongwe rainfall station.

In order to quantify the impact of drought on crop pro-
duction, the soil moisture deficiencies (or stress)
obtained by simulation were translated into terms of
expected crop yields. For the sake of simplicity only
3 possible valuations were distinguished:

1} definite crop failure (-1)
2) probable yield reduction (0)
3) probable normal yield (+1)

To each case of soil moisture stress simulation one of the
3 possible valuations was allocated and results were grou-
ped together by equal planting periods. For this purpose
the yvear was divided into 60 periods of 6 days each.

In Map Drawing AG 2-9, entitled "Impact of Agricultural
Drought", the evaluated results are summarised and presen-
ted in a graphical form per Agro-climatic zone (Agro-
climatic zones are defined and descrlbed in the next
chapter)

Distinction has been made between the major and second
potential plant season. A potential plant season has

- arbitrarily been defined as a sequence of periods (of

6 days) with significantly more potential plant events
than the rest of the year. The major plant season very
often coincides with the main rainy season.

In Drawing AG 2-9 the average number of potential plant
events for both potential plant seasons is represented

by the height of the columns, The average number of defi-
nite crop failures (-1) are indicated as a percentage of
the total column height (hatched). The absolute length

of the remaining white (non-hatched) part of the column

is a relative measure for the impact of drought on the
agrlcultural act1v1t1es.

A few general conclusions can be drawn from the foregoing
study:

- beans or green grams have always a lower risk of crop
failures than maize, if grown on the same type of soil

- risk of crop failure on soils with low water holding
capacity is always higher than on soils with higher
water holding capacity, if the same crop is grown

- optimum planting period for maize falls earlier than
for beans or grams

- beans and grams can often still be grown at the end of
the rainy season
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- possibilities of growing maize in the second short rainy
season are often very poor, whereas possibilities for
beans and grams are fairly good in both seasons.

- rainfall in most of the Tanga Region is too erratic for
regular and proper cultivation of maize, More drought
tolerant crops (like sorghum and millet) should replace
the less drought tolerant maize in some low rainfall
areas.

- planting outside the potential plant season has a
remarkably low risk of crop failures. However poten-
tial plant events outside the seasons only occur unex-
pectedly and irregularly so that the farmer cannot rely
on them.

2.6 AGRO-CLIMATIC ZONES

Significant differences in climatological characteristics
can be found all over the Tanga Region. Subseguently it
was felt useful to distinguish some major climatic zones.

In defining the different zones emphasis has been given
to agricultural aspects ¢f the climate such as moisture
deficit, water requirements of crops and rainfall distri-
bution {drought).

The agro-climatic zones therefore were defined on the
basis of (in order of importance) the following criteria.

1. Evapotranspiration deficit

2. Annual rainfall

3. Rainfall variability and drought hazard
4, Temperature

5. Physiography

6. Vegetation and field checks

The zones distinguished are briefly described below:
(Figures: between brackets indicate the mean annual rain-
fall range and temperatures indicated represent mean
monthly values).

1. Coastal Belt (1200 —_1300 mm)

A small strip along the coast with significantly higher
rainfall and slightly higher evapotranspiration than the
adjacent foothills.

i

Maximum temperature : 28 C (March)
Minimum temperature i 24°¢c (July-August) -
1) s .

: A Climate

K&ppen-Geiger w

Rainfall surpluses occur during the main wet season
(April~May), but supplementary irrigation is still required
if cropping in the drier seasons is contemplated.

Main crops at present : Coconut and Sisal
Altitude range : O - 50 m

Impact of rainfall distribution and drought on rainfed
agricultural activities:

meteorologlcal drought hazard is moderate

- moderately 3?1ted for maize and very well suited for
pulse crops (like grams, peas) if planted from end of
March - beginning of May

~ lowly to moderately suited for pulse crops in .second

' rainy season (planting from end-October to end-Novembek)
but no possibilities for second maize crop {probability
of crop failure almost 100%)

- light textured sandy soils well suited for pulse crops
in main season {end of March - beginning of May} of low
risk of crop failure,but little suited for maize in
main season. :

2. ~Coastal Upland {900 =~ 1200 mm)

Comprises partly the footslopes of the eastern Usambaras
and part of coastal plain, which extends in the south
parallel to the ccast line. ‘Seasonal variations of rain-
fall and temperature are lower than in the Coastal Belt,
whilst relative humidity is higher.

27.5% {March)

Maximum temperature o
23.27C (July-August)

Minimum temperature :
Rainfall surpluses in the rainy season (April-May) are
insufficient to cover the evapotranspiration deficit in
the drier periods (highest deficit in January).

1) Climatological classification according to Kdppen
and Geiger.

2) Pulses may be considered as representative'for a group
of early maturing drought resistant crops.
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Main crops at present : Sisal, Coconuts and Maize
Altitude range : 20 - 300 m

Impact of rainfall distribution and drought on agricultural
activities:

meteorological drought hazard is moderate to low

- moderately suited for maize and well suited for pulse
crops if planted from beginning’ of A April to mid-May

- little sulted for pulse crops in second rainy season,
but no possibility for second maize crop (100% risk of
crop failure)

- 1light textured sandy solls moderately suited for pulse
crops in main season (planting end of Arpil to mid-May)
because moderate risk of crop failure, but little suited
for maize in main season (because of moderate to high
risk of crop failure),

3. ~ Eastern Usambara (1200 -~ 2000 mm)

This zone comprises the highland and the footslopes of

the eastern Usambara Mountains, receiving very high
rainfall on the eastern w1ndward slopes. Low annual rainfall
variability.

Maximum temperature : 22.6°¢C (February)
Minimum temperature : 18.17°C (July-August)

Very high relative humidity (86% in May).

High rainfall surpluses occur in both wet seasons, and
only January and February have small evapotranspiration
deficits, which can easily be covered by the preceding
surplus.

Koppen-Geiger : Ag Climate (tropical rain forest)

Main crops at present : Sisal, Cashew, Tea
Altitude range : 300 - 1300

Impact of rainfall distribution and drought on agricultural
activities: :

very low to low hazard of meteorological drought

pulse crops if planted in first half of November
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- well suited for maize and very well suited for pulse
crops on light textured sandy soils, if planted from
April to end - May.

- 1lght textured sandy soils in the second season

" = rainfall distribution in the highlands (near Amani) is

so optimal ‘that it is very well suited for all relevant
types of annual and perennial crops (tree ¢rops)

4. ~ Central Usambara (1200 - 2000 mm)

This zone comprises the highlands and part of the foot-
slopes of the central Usambara mountains. |

The zone has 51m11ar characteristics as the previous one,
but seasonal rainfall variations are much higher {mean

monthly rainfall in May is 360 m).

Koppen-Geiger : Ar Climate (tropical rain forest)

Main crops at present : Maize, Coffee, Tea
Altitude range : 400 - 1800 m

Impact of rainfall distribution and drought on
agricultural activities:

~ moderate hazard of meteorological drought

~ well suited for maize and very well suited for beans and
vegetables if planted in April - May.

- moderately well suited for maize and beans in second
" rainy season (October - November)

- moderately to well suited for maize and beans on light
textured sandy soils in main season {planting April to
end of May)

~- low suitability for maize and beans on light textured
soils in second season

- rainfall distribution is less favourable for perennial
crops than in the Eastern Usambara Zone.
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5. WestErn_Usambafa ’ (800 ~ 1200 rmm)

This zone covers the greateqt part of the Usambara
mountains. Due to its mountainous character, this zone
has great local differences in rainfall. The average
rainfall is however much lower then in the previous zone
and it has a well pronounced dry season from June to
November with a high evapotranspiration deficit. Irri-
gation is indispensible, if crops are grown in this.
season.

Koppen—-Geiger @ Aw Climate

Main crops at present : Maize, Potatoes, Vegetables
Altitude range : 500 - 2500 m

Impact of rainfall distribution and drought on rainfed
agricultural activities:

-~ moderate to high hazard of meteorological drought

~- ~very low suitability for maize, beans or vegetables if
planted in main rainy season (April), because of very
high risk of crop failures (based on Malindi rainfall

station only)

-little suited for beans and vegetahles if planted in
second season {December)

- possibilities of cropping on light textured sandy soils
are nil. :

~ moderately well suited for sorghum and millet if planted
" in December

N.B., Rainfall in the vicinity of Mlalo (Lwandai) is signifi-
' cantly higher, with subsequent slightly lower risks
of crop failures

6. ~ Usambara Footplains (800 ~ 1100 mm)

This zone south of the Usambaras (including the Lwengera
and part of the Mkomazi Valley) is somewhat drier than the

Western Usambaras and the coastal Upland. It is typical

sisal area, although the evapotranspiration deficit can be
fairly high. Annual rainfall variability is moderate and.
humidity is relatively low. Double cropping only possible

with irrigation.

Maximum temperature : 27.3°%C (March)
Minimum temperature : 22.3°C (July)

Koppen-Geiger : AW Climate

Main crops : Sisal, Maize
Altitude range : 300 - 700 m

The zonal'boundary in North-West Handeni could not be pro-
perly defined, because of insufficient data.

Impact of rainfall distribution and drought on rainfed
agricultural activities:

- moderate to high hazard of meteorological drought

- well suited for maize and very well suited for pulse
crops, if planted from April - end May.

- '%ittle suiteq for beans and very little suited for maize
in second rainy season (end October - end November)

é..l;ghg.;?xtured sandy soils little suited for maize
well suited for pulse crops and moderately well 'suited
for sorghum and millet in main season (mid April -
end May) . .

- 'ver'little possibilities for crops on light textured
soils in second rainy season '

7. Mkomazi (300 = 700 mm)

This zone in the rain shadow of the central Usambaras
receives the least rainfall of the Tanga Region. The high
evaporative demand of the air causes extremely high eva-
potranspiration deficits throughout the whole year (over
1000 mm annually) and a semi-desert vegetation can be seen

in this zone. Crop production is onl ossible i i
L] L] e f
on suitable soils under irrigation. Y P th practised

‘Maximum temperature

o}
_ 27.5°C (Februar
Minimum temperature © y)

: 22.3°C (July) -

K&ppen-Geiger : BW - BS Climate (desert—steppe climate)

Main crops at present : Maize (Rice on vall
: : ey b
Altitude range : 500 - 600 m ¥ bottons)

The zonal boundary in the south could not
defined. be properly




Impact of rainfall distribution and dfought on rainfed
agricultural activities:

- very high.hazard of meteorological drotht-
-~ no possibilities for puise crops and maize

- wvery little suited for sorghum and millet

8. Umba Steppe (500 - 700 mm)

Located north of the Usambaras, this zone also consists

to a large extent of rainsadow areas of the Usambaras.
Rainfall is somewhat higher than in the Mkomazi zone, but
annual variability is very high as well. It has a real
steppe vegetation, where grass qnly'grows gf?er'the

rains. There is an evapotransplrat}on deficit throughout
the whole year, and irrigation requlremgntg thgrefgre can
be very high. Crop production without irrigation is almost

impossible.

Maximum temperature : 27.50C (March)
Minimum temperature : 23.27C (July-~August)

Koppen-Geiger : BS Climate (steppe)

Altitude range : 150 - 500 m

Impact of rainfall distribution and drought on rainfed
agricultural activities: :

-~ high hazard of meteorological drought

- 'hé possibilities for maize and wvery little suited for
pulse crops (planting end ¢f November or May)

- ~little to moderately suited for sorghum and millet
in May on the northern footslopes of the Usambaras
{where rainfall is slightly higher)

9. - Central Handeni (700 - 1000_mm)

An extensive high plateau with important differenceg in
micro=relief. Rainfall during the main wet season is
sometimes sufficient for rainfed farming, but double crop-
ping définitely requires irrigation. The zone has a
distinct boundary in the east, viz. parallel to the :
escarpment towards the coastal zone. The north and north-
west boundary is not well defined due to lack of data.
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It has a woodland and savannah vegetation; temperatures
are somewhat lower than in.the coastal zone.

Maximum temperature : 26.48C (Eebruary—March)
Minimum temperature : 21.4°C (July)

KOppen-Geiger : Aw Climate

Main crops at present : Maize, Grams
Altitude range : 300 - 1000 m

Impact of rainfall distribution and drought onliainfed
agricultural activities:

- moderate to high hazard of meteorological drought

- Vvery little suited for maize and little suited for pulse
crops if planted from mid-March to end-May

~ little suited for pulse crops in second rainy season

(November), but no possibilities for maize

— moderately well suited for éorghum and millet if
planted in March

- little to moderately suited for pulse crops on light
textured sandy soils if planted from March ~ April.

10. NgurU'Highlands (700 - 1200 mm)

This zone comprises the eastern part of the Nguru mountain
complex where rainfall is higher and evapotranspiration
somewhat lower that in Central Handeni, resulting in

lower deficits. 1In contrast to other zones in the Tanga
Region, the rainy season starts in December and lasts
about until May, the months January and February receiving
fairly good rainfall as well (due to the "Kaskazi" winds
blowing from a north-east direction and causing cloud
formation at the eastern slopes of the highlands}. Local
differences in rainfall occur because of its mountainous
character.

Maximum temperature : 24.1% (February)
Minimum temperature : 19,3 (July)

Képpen-Geiger : A, Climate

Main crops : Maize, Beans
Altitude range : 1000 - 1500 m
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ihetﬁgro—c%imatic Zzones are presented on Drawing AG 2-10 Meé
agg re{aiiégfﬁiéfdPgtentlaé evapotranspiration, temperatdre ?
14lty are displayed for each
on the same map The values i rom the oM
map. were compiled f *
following rainfall and meteoroleogical gtationz?m the‘

Impact of rainfall distrxibution and drought on agricultural
activities: :

- moderate hazard of meteorological drought

very little suited for.malze and moderately well suited
for beans and vegetables if planted in February

- little suited for maize and beans if planted in second
half of November : Nq.. - Zome Rainfall Stations . Meteorological
- ' moderately suited for sorghum and millet if planted in’ - : I ' " { .. Stations ..
February - March : :
Y , .T.C935?a¥.3?lt., - {Tanga, Sakura Tanga
- ' light textured sandy soils only moderately well suited 7 - S R '
for beans and vegetables if planted in February =~ March : o -
_ .? anstal Fgoth;;;s Mtotohovu, Muheza, Hale Mlingano
- rainfall distribution in the highest part of the , i o SR ...g..?
mountains (in the surroundings of Lulago) is favourable 3lg 7 : —— :
- for perennial and tree crops  .'_?S???QAQSQngyaFA%mgni, Mwele ; Amani
11,  Western Handeni = (600 - 800 mm) 4 |Central Usambaras Mzundai, Balangai f Amani
: — - : : .| - Ambangulu
. 7
This zone in the very remote western part of Handeni is | | 5|Western Usambarasi L . :
not.very-accurately-defined, gince all data here are extra- : a "-----~-------r--;..Wanda¥f.Shgmgf.;qSEQ?o Amani
polated from adjacent zones. Annual rainfall however is : : S
lower than in the Nguru highlands, and an evapotranspi- : | 6|Usambara -
ration deficit occurs throughout the whole year. b : Footplains _ Maiigger Mandera
o - SRR eRgera : Mombo
Maximum temperature : 25;60C (February) , _ : i S LT
Minimum temperature : 20.4°C (July) .| 7|Mkomazi " { Buik ,
A , N - | Buiko, Maboga Kalimawe
Képpen-Geiger : BS A Climate I - Mombo ...
Main crops at present : Maize, Beans 8 Umba Steppe E Mnazi, Magoma, A
Altitude range : 300 - 1000 m - ' Mwakijembe *!  Kalimawe
Impact of rainfall distribution and drought1)on.agricultural I s _ S f
activities: ' ' 'Q_,?_QQQ?FQ;_Hgnﬁeni - { Mzundu, Handeni, Mgera Same Mombo:
e B R SR U S TR FERRA ) bame ¢ Mombo :
- " 1little suited for maize and beans i1f planted. in November- . I :
December : JI”1Q Nguru Highlands . Mgera Same, Amani
................. : . r Il
- " very little posgsibilities for maize and beans in second N o S
season (planting end of March to end of April) - {11|Western Handeni : | (Rwekivu), Mgera : <a
S CLEREIRRES ' S A BRI T A T

..........

. 1) DProught analyses of Same. (Kilimanjaro Region) have been

considered ‘as the most representative for this zone. ' )




