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PREFACE

Bach year the Overseas Development Administration (0DA)
commissions a number of ex~post evaluation studies with
two aims in mind; firstly, to assess the effectiveness
of its aid activities and secondly, to learn lessons

for improving the effectiveness of future aid activities.

This evaluation is one such study.

Evaluation studies are undertaken by individuals or by
teams especially recruited for their particular knowledge
with regard to the subject under study. Sometimes these
teams will include personnel from ODA (increasingly
teams are a mix of ODA and external personnel).

In all cases the reports and oonclusions are attributable
to the authors, who are finally responsible for their
contents, and not to ODA,

Evaluation Unit
Manpower and Evaluation Department
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INTRODUCTION

PART |

1.l Following & request from the Malawi Goverament, the Mlinistry of Overseas Development,
London, arranged originally for a team of specialist advisers to visit Malawi for a period of up to
3 months to assess the present situation and to make recemmendations for the future development
of a feeder road network,

The team comprised a Civil Engineer/Photogrammetrist (Team Leader) an Economic Adviser
(Agriculture) and an Economic Adviser (Transport), The Agricultural Economic Adviser stayed in
Vlalawi for 5 weeks whilst the two remaining members of the team were there for approximately 4%
months, During these periods visits were made to many areas and there was extensive travel over
roads ranging from full width bituminous surfaced trunk roads to low standard earth roads used
solely for crop extraction. Visits were also made to Zambia and Mozambique (Portugal) by road.
In obtaining essential information the cooperation was sought and received from muny Malawian
Government departments and commercial organisstions and the British High Commission.

Terms of Reference.

The terms of reference for the Survey Mission were as follows:-

(a) To analyse the existing and planned feeder road network throughout Malawi to determine
the extent to which it is adequate for the requirements of present and future agricultural
production, population density and growth, and future patterns of economic and social
development, This analysis should include the areas now the subject of detailed inves-
tigations by the American Feeder Road Team, using the results of the ALD. Team's

research where appropriate.

(b) To define areas in which road development, both upgrading and new construction, should
take place between 1968 and 1974,

(¢) To submit to the Government of Malawi the outline. of a National Feeder Road Programme,
including recommendations on appropriate standerds and methods of construction.



1.2 Although the Terms of Reference specify only Feeder Roads as the subject of investigation

such a project as this could not be undertaken satisfactorily without, firstly, consideration of the
overall economic situation and, in particular, the agriculture sector, secondly, consideration of the
national transportation position and thirdly, consideration of the existing road network of Valawi.

Malawi has four principal transport systems:-
{a) Intcrnal/Extcrnal road transport

(b) Internal/External rail service

(c) Internal/External air service

(d) Lake transport

During the past decade various specialist advisory missions have produced recommendations
regarding the future development of Valawi's transport systems. Decisions at high level remain to
be taken on some of the recommended projects. The latter include the future of the railway from
Belaka to Salima, the possible development of Liwonde as a river port and the extended use of
Leake Malawi as a primary transport route, The development of lake and rail transport will undoub-
tedly affect the need for primary and secondary roads which must in turn result in an altered dis-
position of the feeder roads.

It must be emphasized that until such major decisions are taken it would not be possible for
any possible future detailed feeder roads survey to be undertaken with confidence.

Following the directives of the Terms of Reference the Team operated in three overlapping
fields, namely ogricultural economics, transport economics (with special reference to road trans-
port), and road design and construction. Existing data within the Valawi Government's departments
were examined and the information obtained therefrom supplemented by information obtained by
numerous visits to sites in the field and established agricultural producers and transport organisa-

tions,

With the agricultural data estimates have been made of possible future crop production and
indications are given of the arcas where development would be concomitant with a programme of
feeder road construction. From these data estimates have been made of future transport demand
and the economic henefits which may ensue if feeder roads are constructed in the areas of greatest
agricultural potential, Road design standards have been suggested for feeder roads primarily on
the basis of the highest economic rate of return consistent with overal] economic objectives,

1.3 Autharities differ in the definition of a fceder road. In this survey & feeder road is defined
as a road whose principal function is to facilitate the despatch of agricultural produce from the
farm or estate to the village market or local buying centre or from the lesser markets and buying
centres to major markets of Furmers’ Varketing Board (F.M.B.) depota. Such a road could well be
an existing Rranch, Estate or Unclassified road or even a Secondary road.

2



AGRICULTURE

PART 2

2. There is amplc evidence from many sources that the African has a shrewd idea of the methods
of cultivation which yield the best return to labour, and he prefers methods of high productivity
per unit of labour to those of low productivity. Costs of labour and returns to labour are more
important than yields per unit of area under the prevailing conditions of relative abundance of land
and the continued practice of long-term fallowing.

That much of Valawi is no exception to this general rule is evidenced by the high land/man
ratios in several districts in which the working population is engaged in agriculture, Even more
importunt perhaps is that farmers are probably well aware of the opportunity costs of their own and
their families’ labour when taking up temporary employment outside Valawi.

Since the development potential of agriculture in Malawi is dependent on the investment
decisions of farmers and their response to economic incentives, it is imperative that data is collec-
ted on the amount of labour (their main input) which farmers currently apply to maximise returns,
Indeed, the evidence of rice producing regions in other parts of the world suggests that, given the

present state of technology and factors of production at the disposal of the farmer in VMalawi, it is

not possible for him greatly to expand production in rice growing districts without considerable

increase in population densities. Yet certain other non-rice growing districts will become food
deficit areas within the neat twenty years, necessitating greater food production and substantial
development of transportation facilities to ensure efficient distribution and marketing.

For the purpose of this study, which first seeks to answer the general question of how much
land the agricultural population of Malawi need with their given techniques of production, the area
of cultivable land available to each district in 1966 according to the estimate contained in Valawi
Crop Potentials 1955~1083 1 has been taken as the basis of calculation.

2.2 A convenient unit of mcasurement for determining at what level of population density it can
be said that land is over-populated in an agricultural sense is the number of hectares of culti-
vated land per adult male engaged in agriculture. For most low-income economies with their
higher proportion of children in the population, the number of males engaged in agricultural work
may be taken as one quarter of the whole ~ after making allowance for village craftsmen and tra-
ders. The population statistics used in calculating land/man ratios (hectares per adult male)
were obtained from the Vulawi Population Census 1966 2,

The low land/man ratios for the Cholo and Chiradzulu districts shown in Table 1 are an
indication of dense population, with total clear field area corresponding closely to total culti-
vable area. These two districts are deficit areas in the forecast of export crop traffic given in
Appendix 1. We found sevcral farmers in Kasupe district, where land is not limited, who had
migrated from Cholo district because land had become scarce.



TABLE |

Land/man ratios in districts of Vialawi
(One quarter of the total population is assumed to be engaged in agriculture)

1.and/man ratio,
total area

l.and/man ratio,
total culti-

Ratio of culti-
vable area to

Land/man ratio,
total clear field

Region/District basis vable area area basis'®
. basis, total area hectares per
hectares pes man hectares per man percent man
NORTHERN
Chitipa 2 23.58 2.04 34.1 1.52
Karonga
Nkhata Bay 21.15 5.73 27.1 0.41
Rumpi 43.74 12,56 28.7 1.35
Mzimba 19.01 13.58 7.4 2.95
CENTRAL
Ncheu 8,35 4,71 56.4 1.96
Dedza 6.47 4.11 63.5 1.65
Lilongwe 5.56 .72 67.0 2.04
Salima ; 8,27 6.11 73.9 2.14
Dowa
Ntchisi ; 20.84 11.79 56.6 1.89
Nkotakota
Vichinji 11.16 9.06 81.2 3.86
Kasungu 35.84, 19,93 55.6 2,62
SOUTHERN
Chiradzulu 2.22 0.90 40.5 0.82
Nsanje 9.18 . 4.47 48.7 1.67
Chikwawa 11.87 6.15 51.8 2.67
Cholo 3.31 0,89 26.9 0.82
anje 3.60 2.16 60.0 1.42
Blantyre 9,90 4.08 41.2 2,30
Zomba 3.86 2.18 56.5 1.42
Kasupe 10,93 .84 80,9 2,20
Ft, Johnston 10.00 7.12 64.5 1.78

8Clear field area includes grazing and fallow
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Next densely populated is Mianje district, and to a lesser extent Zomba district; these dis-
tricts become deficit areas in 1080 and 1085 respectively — or thereabouts., Ry contrast, total area
per man engaged in agriculture in the North is a clear indication of the relative isolation of this
thinly-peopled Region. Past experience in Africa has been that under these circumstances farmers
tend to practice extensive rather than intensive cultivation, with little or no increase in yield per

unit of area. u:\;‘“'\f“
"L\‘& I‘. -
recast of export crop traffic given in Appendix 1, which is based on a population growth
rate fpf 2.7 per cent per annum and an overall increase in &D’p yields per unit of area of 1 per cent -3 3»'---{1"‘«“12
per & indicates the long-term potential of the Northern Region. Although in the short-run

development will tend to be slow in the North since the main expansion arises from continuation of
existing practices of extensive agriculture by encroachment upon cultivable lands at present sur-
plus to the requirements of the population. Vleanwhile, this relatively land abundant sector does
not contribute significantly to urgently needed exports, The forecast of population by District and
Region is given in Appendix 2.

Strictly speaking however, the assumption that a quarter of the total population is engaged in
agriculture does not hold for Valawi, because about one-sixth of the labour force is always working
outside Valawi 3 . In adopting a mean of 52 per cent of the population working in agriculture, the
forecast takes account of the fact that the labour force is heavily weighted with women, older men,
and children, and that of those able-bodied men who are in the village many are only part-time

farmers,

With the present techniques of production and structure of the labour force, Vlalawi may in
fact decrease the number of agricultural workers (men, women and children) to 48~47 per cent of
the population, but beyond this point all the export would disappear statistically speaking. Unless
there is a fundamental change in cultural practices, the labour force can never sink below 42 per
cent of the population without food import. This implies that there should be a transfer of labour
out of subsistence production, and that hired labour must be apphed to cash crops; it must also
be profitable to use that labour even on food crops.

.

The opportunity cost of off-season labour is low. Platt 4 found this to be 0,33 kg, maize
equivalent per man hour for cotton as long ago as 1939, and our findings confirm this figure for

subsistence production,

The low population density in several districts allow a few years grace still, but Valawi
must plan for an agriculture that does not have labour peahs. Larger farmers in Chikwawa district
were found to be applying hired labour on a regular basis at a wage of 2,15 hg. maize equivalent
per man hour, because ‘cotton pays and it is better to stay here than go to Rhodesia’. This is
consistent with the long-run opportunity costs quoted by other worhers for East Africa, which range
between 2.00 and 2.7 kg. maize equivalent per man hour.

In other words, 2,15 kg. maize equivalent per man hour is the most favourable price that
Malawizn lnbour is able to command when working for local farmers, which therefore tends to be

5



the minimum cost at which this factor of production can be obtained by cotton producers, If the
farmer cannot pay that wage in the long-run, he will not get labour. The forecast of export crop
traffic for the evaluation period 1970-1090 in Chikwawa assumes that hired labour will be applied
to the cotton crop,

U3 Valawi is a land-locked country comprising about 119,100 sq. km, with one-fifth covered by
lakes, and three-quarters of the land area composed of plateaux; the plateaux are at 760-1370
meters elevation although altitudes vary between 60 and 3050 meters. The distribution and total
precipitation of rainfall consequently varies quite widely between regions and districts within
regions,

Chikwawa, for example in the Lower Shire Valley has a mean annual rainfall of about 76.2 em,
almost all of which falls during a short wet season between November and April. In the extreme
north, rainfall may be as high as 230 cm. to 305 cm., even in the Northern Region, howevel.'mu;:h
of the area — notahly in Vzimba and Rumpi districts — receives an annual rainfall similar to that
experienced by Chikwawa in the Southern Region. On the other hnnd, rice ~ the principal export
crop grown in Karonga district — requires considerably more water than other crops; for rainfed
paddy this may be estimated at a minimum of about 153 em, — an annual precipitation which does
not appear to be always reached in much of Karonga district, and which may well be deficient at
crucial points in the growing season even if total rainfall is adequate,

F= .( {5 k’) A forecast of export crop traffic (defined as inter-district traffic) is necessary in planning for
v feeder road networks — without which it will not be possible greatly to improve the agricultural
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v production of this largely subsistence economy, The methods of transport available to the

¢
* Malawian farmer were found to be so costly that produce has only to be carried a relatively short

distance before much of its value from the point of view of net returns from the sale has disappeared.

In preparing the forecast of export crop traffic, reference was made to estimates in \alawi
Crop Potentials 1965-85, the Report on a Socio-Economic Survey conduced in Selected Areas of
the ‘Lilongwe Plateau’>, the concurrent study of home economics aspects6. the Study of Pro-
gressive Farmers in \lalawi 1062647, the reports of the FAOon the Lower Shire Valley Project
and the Land Development Project in the Lilongwe Region, and the World Bank's review of the
agriculture in the Northern Region. I addition, reference was made to an earlier work4 of a nutrl-
tion survey in a hill, foothill and lakeshore village in 19389, and to various studies made by one
of the Team over many years of the economics of agricultural development in low-income regions
of Africa and Asia in so far as they are applicable to the present investigation, To this body of
information was added the notes which were collected by the Tecm in Valawi.

The aim of the forecast is to establish the probable outflow of agricultural produce over the
next twenty years or so, concomitant with an adequate feeder road-network. For this purpose, the
cultivable area availabie in cach district according to local sources” was taken as the basis of

the calculations.



TABLE 2

Estimate of produce purchased from the 1966-7 crop
(by District)

(Rased on sales through the Farmers’ Marketing Roard )

Export erop
Region/Nistrlet extraction traffic(®) Principal export crops
metric tons
NORTHERN
Chitipa 254 Coffee
Raronga 2,220 Paddy, seed cotton
Nkhata Bay 565 Paddy
Rumpi 2,073 Seed cotton, groundnuts
\lzimba 3,810 Groundnuts
TOTAL 8,931
CENTRAL
Ncheu 5,424 Groundnuts, seed cotton
Dedza 4,714 Groundnuts, seed cotton
Lilongwe 42,446 Groundnuts, tobacco
Salima 2,383 Seed cotton, groundnuts
Dowa § 11,791 Tobacco, groundnuts
Ntchisi 2,849 Tobacco, groundnuts
Mchinji 5,301 Groundnyts, tobacco
Kasungu 5,761- Groundnuts, tobacco
Nkotakota 1,463 Paddy, groundnuts, sced cotton
TOTAL 82,172
SOUTHERN
Chiradzulu 4,593 Marketable surplus of food crops
Nsanje 6,183 Seed cotton, groundnuts, paddy
Chikwawa 21,968 Seed cotton
Cholo 17,436 Marketable surplus of food crops
Mlanje 10,772 Groundnuts, tobacco, seed cotton paddy
Blantyre 8,233 , Groundnuts, seed cotton
Zomba 8,365 Groundnuts, tobacco, seed cotton
Kasupe 8,484 Groundnuts, seed cotton, paddy
Ft. Johnston 4,643 Groundnuts, seed cotton
TOTAL 90,667
Grand Total, All Districts 181,770

(a) In certain districts, notably in some areas of the Lilongwe Plateau and Southern
Region, maize and to a lesser extent pulses — the staple food crops - are deliberately
produced for the market, indicating that peasant producers are not indifferent to the
exchange economy. In other districts, because of the favourable climatic conditions
in the 1066—67 crop year, foodstuffs which have come into the machet have been to a
large extent the surpluses of local subsistence farmers.



Tt seemed appropriate that the forecast of the peobable outflow of the agricultural product should
2 be laken in two steps, firstly by estimating the area which could be utilized for the production of
an export surplus, and secondly the yield which will be forthcoming from this area.

Turning to the first step, the existing cultivable area, less the area required to feed the pre-
. sent population and that utilized for cash crops, formed the basis of the forecast, Included in the
D\bS’u Rerw forecast, however, is an estimated increase in xleld of the present National agricultural product at
cL~n~n the rate of 1 per cent per annum (excluding Colarer producnon) Past experience in Africa hau
P’( =, been that farmers tend to practise extensive rather than intensive cultivation with little of no increase
_)(..c.d * 1in neld _per unit of area. In fact the evidence is that yields may even fall and that where they do-
doaafacd” Inse, 2 per cent per annum 1s about the maximum, l(_ s vy 2% oay FHaies 1 e 'Rl
/ wi e owauleliv dov Exprt fepe.
“ Lj’ afc The area coming 1nto cultivation due to the increase in population was then calculated on the
\{ IRt ‘assumption that 32 per cent of the population is actively engaged on the land and that, with given
\w\""ﬂ P techmques of production and present practices of extensive agriculture, one worker can cultivate

¢

‘i\:’fs‘“’"d 0,75 hectares of food and cash crops (weeding being the limiting factor). Land required to foed the
Gt fr increased population, assuming a rate of population growth of 2.7 per cent per annum, was deter-
s o mined by multiplying population by 0,3035 hectares as indicated by Hoftman® that at least this

Hdhw . area per person should be set aside for home consumption unless yields of more than 1350 kg./ha.

‘ “.ﬂ.*.‘,\" Wt can be expected continuously, Hoffman’s estimateS is net availability for consumption after allowing
Voo A 23 per cent for on-farm storage losses of maize (which was found to he of this order of magnitude

3 A where rat and pest infestation had damaged crop in stores inspected during the vislt), and for seed

s il — requiremenu.
) nud be dpend an s oo aa teell as Subch wecuseenats, e,
A l L r 'I'he uecoTstep estimates the yield which may be expected on surplus cultivable area newlyt«‘w EY r
-’a\‘b_'_-.l) 1; ! opened up for export production with increased population. Here 1t was assumed that the mc:st‘:!::w,‘“"l “‘f"’ﬂ
=73 ..~ suitable crop for expansion of export production would be cotton, and that it would be sprayed to w3t «d ,

Wre.cbuweans |

< e 7 give a mimmum yield of 785 kilograms per hectare (1700 Ib pcr acre). Tt is known that in the q Grpnr s
3 'F—"t Lower Shire River yields averaging 675 kilograms per hectare (602 lb per acre) have been obtained §
S even without spraying, 1n a year of most favourable weather conditions and this is therefore con-
i, pray y

':‘ - v sidered to be a conservative estimate of potential export production from the cotton crop providing

.'1“ " <3 , farmers adopt spraying as a matter of routine.

Qu:-. U\ *VQ&A

In a year of most favourable climatic conditions, 1956-7, euch yields were gained by the
o &£ v.b-l" 7 Cotton Research Corporation from experiments on unsprayed cotton on African gardens; in 1965-6
yields from sprayed cotton ranged from 675 kilograms per hectare (02 lbs per acre) to over 1125
kilograms per hectare (1004 lbs per acre),

Wherever the altitude is greater than 1220 metres (4000 feet) however, this has an adverse
effect on yields, and the higher the altitude the lower will be yields and the slower will be growth;
but throughout the 560 metres (1837 feet) lakeshore area, and the Lower Shire River in the Southern
Region and the Palombe plain, potential is very high. In the Salima district, where pests are much
more serious, spraying is essential; in any one year without spraying Salima will probably secure
yields of less than 180 kilograms per hectare (161 lbs per acre). There is already extensive
8
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spraying of areas newly opened up on the Shire highlands, notably on the Blantyre plateau; these
areas, which were impossible for cotton production because of pests before the ntroduction of
spraying, now have a high percentage of sprayed cotton. Areas where there is the greatest poten-
tial for increased cotton production are given 1n Appendix 3.

Those districts of the Central Region, notably on the Lilongwe Plateau, which are not suitable
for cotton production can be expected to obtain yields reaching 785 kilograms per hectare from ground-
nut production particularly if this crop is adopted by men employing improved cultural practices; at
present groundnuts is considered to be mainly a woman's crap. Similar yields of marketable sur-
pluses from maize may also be expected, if not exceeded, to meet the increasing needs of food
deflcit areas, and to feed a growing urban population.

A minimum of 785 hilograms per hectare is certainly low for paddy production and is consist-
ent with present yields. Yields of this labour intensive crop are not, however, likely to be greatly

. —

improved over the short run because p;;ﬁlntion is too low. If the main };tenlial for agricultural
T —ee—T ......,_-:__, e - a.:.“. ——_ .— .—' N .
development lies in heavy concentration on increasing the area under cotton in the next two decades,
in the long run with increasing pressure of population, the large-scale production of rice in those
areas which are suitable for its cultivation will be essential. It is therefore important that pilot

experiments of irrigated paddy production shouid be undertaken in the very immediate future.

As soon as population reaches the point where all the cultivable area has been taken up in
any one district, that district cannot further extend its area under crop, and consequently the increase
in agricultural product will be restricted to that resulting from improved techniques of production.
If population incrense accelerates faster than agricultural productiviiy. the surplus of cultivable
area will decline until sooner or later it will become zero and the district will become a net lmnporter,

2.4 The economic importance of high value export crops is clear from Appendices 4 and 5. Malze
equivalents represent the amount of maize that could be purchased with the aggregate value of all
crops (at 1967 prices). Low values shown in Appendix 5 represent those areas in which there is a
preponderance of maize in the export crop traffic. A factor of great importance, however, is the
grading result of the high value tobacco crop, and of cotton, since the percentage of low grades in
the 1967 crop adversely uffects the weighting system, indicating that future prospects for agricul-’
tural development will depend to some extent on quality improvement through more efficient handling
and grading of high value crops.

The first priority for the expansion of export production however muat be the provision of an-
adequate feeder-road and improved road network, and an efficient transport system. Appendix 16
indicates that traffic density is at present extremely low, and this is not uni=lated to the fact that
the proportion of product entering the market decreases sharply as huying points are sited farther
and farther away from the main roads. This is because, with the costly methods of transport avail-
able to the farmer, Farmersliave only to carry produce over a short distance before most of its value,
from the point of view of net returns from the sale, has gone,



TABLE 3

'The cost of different methods of transport from farm to buying point in Malawi(®)

Transport cost

. Length of expressed as
““::: o:l:::r;we Preduct journey ( 'Ii'ra.nsi)on cosl) kilograms maize
kilometres original measure equivalent per
ton hilometre
PORTERAGE
Undulating Tobacco: fire 8 2/64 per 32 kg(a) 37.2
cured
Flat Tobacco: fire 21 3/~d per 13.6 kg 45.5
. cured
Undulating Seed cotton 8 2/6d per 27 kg (b) 49.6
Steep escarp. Maize 5-6 2/6d per 30 kg 649 |
ments .t
Precipitous: Coffee 6.4 3/6d per 13.6 kg 173.6
headloading . .
only means
of transport
OX CART
Fla'd) Groundnuts f 10/~d per 798 kg(") 6.8
(shelled) )
Flat Tobacco: fire 21 22/6d per 408 kg 11.3
cured
Rugged Tobacco: fire 2t 70/~d per 476 kg 30.2
cured
BICYCLE
Flat, undulating | Maize 16 3/~d per 68 kg 11.9
in parts
In same area Maize 16 5/-d per 68 kg 19,9
where no
motor vehicles
competing
MOTOR VEHICLES
(5 ton trucks)
Undulating Maize 9% 2/6d per 90 kg 1.8
Flat Maize 14 2/-d per 90 kg 6.8
Ruggedm Tobacco: fire 40 10/~ per 113 kg 9.6
cured
Same area Seed cotton 14 1/6d per 36 kg(b) 12.6

8licavier load is carried over shorter distances

Sproducers refuse to headload further distances
eDistance relatively short so producers tend to over-

load

8The Farmess

10

bBulky
Motor vehicle transport scarce in this area
Narrow valleys, but main road (gravel stan-

dard) passes through district

* Marketing Board have some three hundred buying points throughout Malawi



TABLE 4

Farmers’ Marheting Board rates for(® motor vehicles conveying agricultural
freight from 300 buying points to their storage depots

Crop Pence per ton kilometre Kilograms mai.ze
equivalent per ton kilometre
Malze 4.80 1,73
Pulses 4.9 1,78
Paddy 5.14 1.85
Groundnuts 5.99 2.15
Seed cotton 6.17 2.22
Tobacco 6.17 2,22
Fertilisers(® 5.4 1.85

(®)Rates are uniform throughout the country; main storage depots are at Mzuzu and Nkhata
Bay (Northern Region), Lilongwe and Salima (Central Region, Balaka, Limbe and
Luchenza (Southern Region).

(bYpyard traffic; sold to growers through Farmers® Marketing Board.
TABLE 5

Charges against Farmers' \larketing Board for hire of tugs and barges transporting
paddy for milling from Kapura (extreme north) to Nkhota Kota (Central Region)

Lake Distance Pence per ton kilometre i Kilograms maize
equivalent per ton kilometre
483 km 6.28 9,96

The fixed rates paid by the Farmers’ Marketing Board for motor vehicles conveying agricultural
product to their depots result in crops being produced under conditions which arc totally uneconomic
and wasteful of resources. (Sce Part 3), Coffee for example, already over-produced on the world
market, offers an extreme case where 226 metric tons were produced in far north Misuku in 1966=7.
Owing to the difficulty of reaching the area with motor transport, this crop had still not been moved
out of the area by April, 1968; 1t 15 said that the cost of moving it will be Ligh since it takes ‘a
six-mile-per-gallon four-wheel-drive lorry to get it out of the Misuku', Added to this, the cost of
head porterage from farm to buying point is so great that the entire value of the crop has gone after
a distance of only 6 km. If a man is to carry coffee up and down precipitous slopes, he must be
well fed, which alone creates a fairly high minimum cost — and porters expect to be paid considerably
more than the mere grain ration for & hard day’s work, '

The construction of feeder roads in arcas, particularly those which have a high potential for
cotton production, will not however lead to early expansion of agricultural output unless provision
is also made for the availability of attractive consumer goods at village level. Apart from acting
as incentives to increase cash crop production, they also add importantly to the development

potential-of an improved transport facility.



ECONCMICS
PART 3

3.1 Feeder ronds have been defined earlier in the report. In this section their economic environ-
ment is discussed. The existing policy and situation is reviewed along with previous relevant
reports and techniques of appraisal are outlined with the economic assumptions taken. A compre-
hensive review of the agricultural and transport economic environment will serve to indicate lines
for future development and recommendations will be made accordingly.

3.2 The present distribution of roads by administrative class and surface type is given later in
Appendia 22, Expenditure levels, that is, financial costs, on construction and maintenance of all
roads which are the responsibility of the Ministry of Works and Supplies in the past four years are
given in Table 6,

TABLE 6

Expenditure on road construction and maintenance by the
Ministry of Works ard Supplies

CONSTRUCTION MAINTENANCE
Year | Bitumen Gravel Earth Total Bitumen Gravel Earth Total
£000s £000s £0NNs | £0N0s £000s £00ns | £00Ns £0NNs
1964 0 90 80 170 424 117 33 102%
1965 107 638 45 790 46 125 36 207
1966 154 780 84 968 40% 138 39 217%
1957 132 361 76 570 40 156Y% 40% 237

Note These are Departmental Costs and do not include ‘overheads’ which range up to 100
per cent of these figures,

The total mileage of new fecdcr roads constructed over the past six years has been on average,

97 miles per year. In the 1969/1971 Development Programme £240,000 (£80,000 per year) has been
allacated for expenditure on feeder roads; no further breakdown is available. It is one of the pur-
poses of this Report to advise as to the economic returns fram such investments and to recommend
distribution by area and the relevant methods and standards of construction.

3.3 The opportunity was taken of reviewing other relevant evidence namely, reports of other
official missions to Malawi us detailed in Appendix 34, particularly the Hill neporta, the World
Bank Mission ﬂeport° and the further L.B.R.D, Reports, It will be recalled that the Hill Mission
was of the opinion in 1965 (para 33) that a disproportionate investment on trunk roads existed as
compared with the feeder road system, It continucd (para 36) that there was a most urgent country-
wide need for the early construction of a network of crop extraction roads. The basia for such
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views was that, in the opinion of the Report, \lalawi cannat afford to wait for years until a *proper’
return is renlised on road development expenditure and that further regard should be paid to the
relationships of costs to benefits, Although it 18 the intention of this report to indicate how a full
analysis of costs and benefits can be effected through a deeper probing of the wider macro-economic
benefits, it is not possible at this stage to cndorse the view of the [lill ﬂepona that \lalawi cannot
afford to wait until a ‘proper’ return is realised, It would be highly desirable to quantify this return
and thus indicate the relevant rate of retum for Malaws at 1tx Bresent atage of development. The
relevant section of the World Bank Report is devoted mainly to reviewing the major road projects;
however it does state (para 51) that greater consideration and financial provision 15 now being

given to the improvement and extension of feeder ronds, no recommendations were made,

Following the visit of .B,R.D, representatives in April 1967 their confidential report stated
that the inadequacy and poor condition of the road system had hampered economic progress and that
lower class roads of minimum standards were required throughout the established agricultural areas.
It should be noted that this comment was limited to the thea established agricultural areas.

The opportunity was taken by the team to review the feeder road situation in the nearby
countries of Kenya, and Tanzania and also Nigeria to ascertain their relevance to Malawi. The
Kenyan Feeder Road Programme 1969/72 as presented to the I.B.R.D.JO and other Kenyan studies
were inspected and certain information derived from them. The Tanzanian Feeder Roads Programme
now in the process of being drawn up, is based on specific areas selected by the 1,B.R.D, and no
results are yet available. The Road Development Studies for the then Negional Governments of
Western, Eastern and Northern Nigeria by the Economist Intelligence Unit were discussed with the
E.LU. representatives in Nairoli; the former has been described in detail elsewherell. These
studies were concerned with all types of roads but it was possible to deduce that, in general, bene-
fits through induced production were of significantly less importance than those arising through
transport costs. However, it should be noted that in all cases these studies differed from this
Report 1n that in all cases the other Reports were of a more detailed nature and that considerably
more resources, including computers and time were devoted to their production. Whilst it is well
beyond the Terms of Neference and resources available to this team o produce a similar compre-
hensive study here, 1t 1s possible to indicate the techniques recommended should a more detailed

study in ccrtain areas be thought desirable.

3.4 It is essential to include a forecast of the national economy in this study. The Ministry of Finance
have forecnst a 7 per cent annual growth in the short term in the momentary sector of the Gross Domestic

Product (GDP). The achievement of this rate of economic growth can be regarded as a principal
objective of Malawi’s economic policy, although such growth is constrained by the external debt
servicing ratio and foreign exchange shortages. This is, of course, a variation on a very familiar
theme. It has been used in mterpreting the Terms of Reference for this report. There are however
certain inherent himilations which need to be taken into account: firstly alternative objectives
may have to be forcgone, such as maximisation of social welfare or a strong currency, secondly,
the above constraints are commo. for developing countries and in the context of Malawi, it would
therefore appear that this constraint implicitly gives a priority to export crops and in particular
the high value export crops, These points have been discussed with the Ministries of Finance
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and Feonomie \ffairs,

\s compared with other developing countries in Africa, Malawi is relatively underdeveloped.
The national income per head is about $43; excluding expatriates it is estimated to be about $25
and is one of the lowest in the world, VMalawi is therefore at the stage in its economic develop-
ment whercby investment needs to be concentrated in the baslc economic infra-structure. Other
relevant transport econoniic statistics are shown in Appendix 14,

Ruilding or improving a road produces numerous economie, social, cultural, political and
other effects. The different economic and non-economic aspects of development are intimately
interwoven and mutually dependent, they are not mutually exclusive. Whilst 1t 15 of course extremely
difficult to quantify to o very high degree of accuracy all these effects, quantification is required
in the application of cconomic criteria in order to obtain optimal allocation of the available scarce
resources which is recngnised as the major means of obtaining economic growth.

This study can be rogarded as a typical example of the pre-investment studies which are
carried out in developing countries seeking funds for the financing of capital projects, As such
it will differ from the normal private industry project appraisal since it needs to be on a wider and
deeper basis and include social (that is, non-user) costs and benefits which are clearly defined In
the Road Track Costs ﬂeporllz. at table 2.1,

The method of appraisal used is that which has come to be known as ‘Cost Benefit Analysis’,
and the opportunity 1s taken for the benefit of Valawi Government staff of describing the procedures
in detail. In such analyses social costs, or user and non-user costs (public and community) are
quantified and compared with total social benefits which accrue to the nation if the project being
considered were to be implemented, Comparison is made on a ‘with and without’ basis and the final
result can take the form of one of the various measures of economic return — Internal Rate of Retura
(LR.R.)}, Net Present Value (N,P.V.,), First Year Rate of Return (F.Y.R.R.) or Cost/Benefit Ratios
(C.B.R.). As this study intends to set out some order of priorities, the measures which enable this
to be more clearly demonstrated are the Net Present Value and Internal Rate of Return, (There is
no need to enter into the realm of economic theory as to why this is, but details are available if

requested).

Once varying net present values and internal rates of retura are established for different pro-
jects or road schemes it is then possible to list these in order of magnitude, It is possible at a
later stage to compare investment within transport, and later on still, with other social investments,

housing and education for example.

It is of course necessary to establish what a reasonable rate of return is for Valawi. Expert
opinion has been counselled on this poiat (see also)12:13 which in theoretical language is the
determination of the Social Time Preference (S.T.P.) Rate, this is the rate at which the community
is prepared to forego current for future consumption (that is, jam today versus jan tomorrow).

It is considered that the test rate should be 12 per cent — this compares with for example A per cent for
Great Dritain, about 11 per cent for France (under VI Plan 1971/75) and 12 per cent for Thailand,
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The present World Nank test rate is B per cent but this excludes socondary effects included in this
report via the multiplier (q.v.); where the multiplier for Malawi is included the World Hank discount
rate is 12 per cent also, There are some complications if budgetary constraints arc quentified to
the eatent of their effect on the rate of return but this is felt to be too complex for a developing
economy such as Malawi's.

1t is also necessary to establish the probable lives of the assets being considered for invest-
ment and to Sompare them with the appraisal period. Although this study covers the period 1068/74
and all values are quoted in constant prices discounted as at 1st January 1968, the period of evalua-
tionis assumed to be twenty years. Tais 1s ten less than the standard appraisal period in Western
Europe. Normally it is also necessary to introduce the residual value of an asset at the end of the
evaluation period and to include such a value as a credit. But with a discount rate of 12 per cent,
an evaluation period of 20 years and the problem of uncertainty, it is not thought politic to do so in
this instance. Therefore for the purpose of this study the lives of the assets are assumed to be
twenty years with no residual values.

Normally, implementation of the project or scheme will cause some increase in net national
income, either through an increase in benefits or a decrease in costs. This increase represents a
rise in income for each recipient who in turmn re-spends part of this income, leading to another round
of spending and so forth, Therefore the increase in net national income is 1n excess of the original As! ;.00
savings and such a relationship is known as the ‘multiplier’, thus secondary effects arc included, .- -
The multiplier is determined by (the reciprocal of) the marginal propensity to save, tax and imports,
Reference to the Tan-Zam study“’ shows a multiplier of 1.2 to 1.3 for neighbouring countries but
it is our opinion and that of the VMalawi Viinistry of Finance, following discussions with represcn-
tatives of the World Rank (L.B.N.D.), that a multiplier of 1.5 is relevant for Malawi
due to the higher propensity to consume in poorer countries. This figure has been vsed to cstimate
the true impact on the economy of the above additions to net national income,

In this appraisal it is of course necessary to consider taxation (see Appendix 13). Taxation
is us.ally regarded as a transfer payment from one section of society to another and as such 13
excluded from economic appraisels dealing with optimal resource allocation as no resources are
consumed by tax payments or credits. 1t is therefore necessary to exclude taxation, in generulin
socio-economic appraisal exercises (g.v.). However it is necessary to include texation wher con-
sidering private decisions, such as when the individual makes a choice based on gross (including
tax) costs and selects a route (that is, traffic assignment) but the economic appraisal still, of
course, excludes taxation. There is however, one small exception deveioped later in pora 3.10.

3.5 As indicated in para 3.4 the recommended method of project or scheme appraisal is by Cust
Benefit Analysis. In this section it is proposed to restrict the analysis to those costs and bene-
fits immediately associated with the project, in this case traffic on a micro-economic view; the
wider macro-economic view viill be discussed later. The procedure used in developed countrics
has been adjusted accordingiy to suit local circumstances so as to be applicable in developing

countries such as Malawi.
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It is thus necessary to list the factors composing the benefits and costs and then to show
how these factors can be measured for inclusion in the analysis. Benefits and costs of upgrading |
existing feeder roads and the construction of new feeder roads take the form:-

Benefits

(a) vehicle operating cost changes
{(b) time savings

{c) accidents savings

(d) reduction in driver strain

Cost

(e} construction

{f) maintenance cost changes

(8) administration of highway e.g. cleansing, lighting, policing ot
(h) land

These items are now discussed in a local contoxt.

(a) Vehicle operating costs — these include
i fuel consumption
ii engine oil consumption
iii tyre wear
iv depreciation
v maintenance — labour and parts

International and local studies!® 15:=2} yere analysed to determine relevant economic and
financial costs; discussions also took place locally on the relevant costs, Following observa-
on the types of vehicles operating on the existing feeder roads and discussions with M.A.R.T.A.
(the leading feeder roads transport operator), it was decided that instead of using a series of costs
for various truck capacities, a ‘typical’ truck should be assumed for this appraisal, The ‘typical’

.truck has been taken as one of 5 long tons tare weight with 5 long tons capacity operating at a

50 per cent load factor which takes into account dead mileage and overweight running, If the 7
ton tare weight lorry becomes more popular in due course, as it may do due to the upgrading of
roads, no significant change would occur in the marginal cost changes, It is therefore satisfactory
to use the above typical truck.

Detailed costings are shown in Appendix 8; the vital figure being the economic cost for earth
road operations (excluding overheads and tax) of 5.3 pence per metric ton kilometre (8.5 pence per
long ton mile). The exclusion of overheads is normal in a marginal analysis such as this (if included

the figure would rise by about one third),

{b) Time savings - this is the summated value of the time saving of drivers, passengers and
goods, There has been much discussion on the value of time elsewhere and this has already been
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sum narized V=, In the Malawinn context it is thought that only savings in truck crews’ time would
be relevant in n fecder roads wurvey and that savings in private cur and bus pussengers’ time can
be nafely ignored. Savings in truch crews’ time are included in the values shown in vehicle vpera-
ting costs in (a) nbove (see nlso 3.6).

-
s

(¢} Accident suvings — in a developed society savings accruing from accident savings can
form up to 25 per cent of the total benefits. A report relating to Kenya22 shows that the total cost
of accidents there was equivalent to 1 per cent of the gross national product. Similar calculations,
but on a more restricted basis (Appendix ) show that the position in Malawi is relatively worse

“ than in Kenya and now amounts to a loss of about L% million per year. Analysis of accident slatis-

Tics show that'a higher proportion of the fatal and serious accidents occur on gravel and earth roads
despite their having significantly less traffic flows than on bitumen (Appendices 9 and 10). It is
therefore essential to include in the appraisal of a feeder roads scheme benefits accruing from

reduction in accidents. It is suggested that the following approximate costs be used 1222,

TABLE 7
Cost per average injury/accident
TYPE OF ACCIDENT COST
Fatality £300
Serious injury £100
Y
Slight injury £10
Adminisu.'a!.ive and‘damuge £100
cosis of injury accident
Administrative and damage
. ) £40
costs of non-injury accident

(d) Driver strain — a benefit for the reduction of drivers strain when driving on improved
roads (usually motorway type) is used by the French2?, It is known as a ‘bonus’ and is valued at
Fr. 0,03 per hilometre (2d per mile). It is not thought to be relevant to feeder roads and is there-
fore excluded, but should be borne in mind for major road operations.

(e) Construction costs — o review has been made of the inputs required for construction of
new and upgraded roads — lubour, local and jmported materials, plant and equipment ete. These
liave been costed on financial and economic bases. The latter involved the elimination of taxa-
tion (see 3.4). Overhead expenditure as at present regarded 1n Malawi needed to be re-allocated
80 as to reflect individual project expenditure. An approximation based on international comparisons
is 15 per cent of local or direct works costs. Similarly tender costs need a 15 per cent addition
for Ministerial overlicuds to arsnve at financial costs. The following economic construction costs
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per hilometre (imile) of rond by surface were calculuted from Ministry of Works and Supplios sources.

TABLE 8
Fconomic construction costs for new and the upgrading of, ieeder roads
New earth road Upgrading from earth
to gravel
£ per km £ per mile £ per km £ per mile
500 800 2650 4300

(D Vaintenance costs — a review has been made on the same basis as for constraction costs,
\laintenance costs are a function of original construction and upgrading cost and average dally
traffic flow (A.D.T.). Tt is reckoned that the feeder roads under consideration here will all be of
the earth or gravel type. Tax in all forms needs to be excluded from the costs. Economic main-
tenance costs have been calculated, again with a re-allocation of overheads, from \inistry of Works
and Supplies sourcos.

TABLE 9

Economic maintenance costs for new feeder roads and chonge in economic
muntenance costs upon upgrading existing feeder roads

New feeder road (earth) Addition for upgraded road (earth to gravel)
Present Present value for Present value Present value for
value year 1 20 yr appraisal period year 1 20 yr appraisal period

g perkm | €per mile | € per km | € per mile | £ per km | £ per mile| £ per km | ¢ i:er mile

30 50 I 230 370 +925Gi) | +4nGi) | + 500 () | +800 (i)

(i) maintenance of an upgraded road includes regravelling every 6th year;
the cost of such has been discounted so as to be included on a present
value basis,

(ii) excludes regravelling in (i)

(g) Mighway administration — this includes such factors as policing, cleansing and street
lighting. It is not thought in this instance to be of significant value with regard to feeder roads
and has therefore been exluded; should the costs increase significantly then inclusion is recome

mended.

(h) Land — it is often necessary for land to be acquired in order that a road can be built,
widened or re-aligned. This results in land being transferred from one use to another (in this case
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probably ngriculture to transport). In Malawi almost all the land is already Government awned but
the loss of resources to the nation in such a transfer is the value of the crops that would otherwise
have been produced on the acquired land. It is this value which nceds to be included as an economic
cost, Where the land is privately ownud it is assumed that the financial costs are equal to any com-
pensatory payment, The Ministry of Works and Supplies has detailed lists by crops of compensation
payable where land is acquired for roads (Appendix 18), Economic costs need to be included even

if no compensation is actually paid, which has occurred in the past following appeals for develop-
ment and seli-help from the \Mlalawi Congress Party Leaders. These lisis were inspected and thought
to be realistic and were the basis for the following estimates.

TABLE 10

Economic cost (estimated) of land acquired for feeder roads

NEW FEEDER ROADS UPGRADED ROAD
£ per km ¢ per mile £ per km £ per mile

15 25 NIL NIL

A summary of economic costs is shown at Appendix 19,

3.6 In order to attempt to quantify the impact of transport upon economic development it is neces-
sary to revicw the present transport charging situation, Rates paid by the Farmers® Marketing
Board (F.\.B.) for motor vehicles conveying agricultural freight from buying point to F.M.B. storage
depots are uniform throughout the country. These are given in Table 11.

TABLE {1

F.M.B. transport rates

F.M.B, quotation kilograms maize
Crop r equivalent per metric
pence per short ton mile | pence per metric ton kilometre ton kilometre :

Groundnuts 8.75 5.99 2.15

Maize (export) 7.00 4.R0 1.73 -

Cotton 9.00 6.17 2.22

Tobacco 9.00 6.17 2.22

Paddy (rice) 7.50 5,14 1.85
Fertilisers 7.50 5.14 1.85
Pulses .25 . 496 1.78

Note: For journeys between a market and an F.M.R. depot of iess than 15 milu‘ payment is made on
a fixed distaace of 12 miles.
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r It is understood that it is the intention of the F..M.B's policy to quote differential transport
rates according to crop value, thut is, higher valved crops are charged at a higher rate. The effects
of this policy are shown in the final column of Table 11 where the transport charge is shown in
kilograms maize equivalent per ton kilometre. Such a policy penalises the higher value crops on

//which Malawi should concentrate (see Part 2) and in our opinion there is no justificatioa for such
a policy. In addition to the rates being uniform throughout the country, the rates are applicable
over all road surfaces and as shown in para 3.5 and Appendix 8, operating costs vary significantly
by surface. In order to appraise this aspect of the justifiabulity of the F.\.B, rates it is therefore
necessary to estimate vehicle mileage by surface. An approximate estimate of this has been made
from the current traffic census {Appendis 6) but it is stressed that more information is required
(techniques as to how this is to be obtained ace outlined in Part 3) before it is possible to be cate-
gorical. From this and the traffic census it hus been possible to estimate that approximately one
third of the F.M.B. traffic is on earth roads and two thirds on gravel or bitumen roads, This would
wresult in the following costs,

Economic Cost 3.9 pence per metric ton kilometre |
Financial Cost 41 » v » » "
Financlal Cost + Overheads (+ 1/3) A7 TR L . "

It will be seen that the financial cost plus overheads of 5.5 pence per metric ton kilometre is located
neer the centre of the above range (4.80 — 6,17 pence per metric ton kilometre), One large operator
indicated that his total costs were about 4.5 pence per metric ton kilometre which indicates a high proflt
margin, From this it could appear initially that the F.M.B. rates are not unjustifiable, but such a
conclusion would be premature as it is applicable only if one third of the traffic is on earth roads
and two thirds on gravel or bitumen. The system of paying  fixed 12 miles charge for all journeys
between markets and depots of 15 miles or less is detrimental on two counts. Firstly, observations
suggest that the average trip length, within the relevant range of 0 to 15 miles, is considerably leas
than 12 miies and therefore the charge is too high. Secondly, such a charging system, although it
may encourage distant development in certain cases, operates against overall development as It
leads to a non-optimal ailocation of resources. If however, an interventionalist policy is required,
It should be quantified beforehand, so as the true economic costs are ascertained.

It is our advice that the F..M.B, charging system operates against \lalawi’s economic develop-
ment. The differential rates by crop value act in a harmful manner as they discriminate against
high value crops in which development shouid be concentrated. It is highly desirable, in the intereats
of overall economic development, that transport charges should reflect the cost incurred. That is,
the charges should be differentiated according to distance and road surface condition. It is our
conclusion that the F.\.B, rates need to be based on distance and surface condition rather than on

a crop value basis.

3.7 The next stage, in order to appraise the current situation is to compare benefits with and
without the proposed project or scheme relating to existing feeder roads; a proposed data and
appraisal form is shown in Appandix 11(b). The comparison of benefits can be caried out by
reference to the existing traffic pattcrns. It has been assumed that the only traffic of economic
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value on feeder ronds is crop extraction traffic; leisure and other traffic huve been ignored. Obser-
vations showed the latter to be minute, Some aspects of the existing traffic pattern for Malawi feeder
roads can be derived from the current Ministry of Works and Supplies traffic censuses, In certain
instances these were confirmed and augmented by observations and counts by the team on location.
Further details as to the traffic engineering methods recommended to improve this information appear
in Part 4,

If an existing feeder road is improved in standard in most if not all cases, from earth to gravel
surface, there should be a reduction in transport costs, For the *typical’ truck, the economic cost
would change from 5.3d per metric ton kilometre (8.5d per Jong ton mile) on earth roads to 3.2d per
metric ton kilometre (5.1d per long ton mile) on improved gravel roads. The summation of this dif-
ference for each ton kilometre of operation amounts to the savings in vehicle operating cost and
time (see 3.5 (2) and (b)). It is not thought relevant in a study relating to feeder roads to include
operating cost changes from earth or gravel to bitumen, but these are shown in detail in Appendix 8.
It should be noted that where agricultural produce is transported over bitumen roads rather than
gravel, due to road improvements, though outside the scope of this report, the relevant cost changes
will need to be included in such a further study. The consideration of new generated traffic is
deferred until para 3.9. -

It is necessary to analyse the costs anu penefits to existing traffic ensuing from a road improve-
ment in order to determine whether such a scheme could be economically justified. This exercise
is restricted in this report, to the most probable and relevant improvement in the case of existing
feeder roads — an upgrading in surface from unimproved earth to improved gravel. Existing traffic
has been appraised in detail, (Appendix 12),changes in discounted benefits arrived at by considera-
tion of present export crop traffic, vehicle operating cost changes and distance of feeder road hauls
in each District. As no accident data are yet available on a District road breakdown, il_hf_ not
been possible to include accident savings. Costs are shown at para 3.4. It has not been possible
mﬂis_;lagﬁ'ﬁ'd'fff;r_en—ummﬂ and constant costs have therefore been used.

All costs are expressed in Present Value form, changes in future maintenance costs being discoun-
ted from the year incurred and included in Benefits as shown in Appendix 11(a). The results of
this analysis are best shown as Net Present Values (NPVs) by District (that is, the net
values — benefits less costs ~ for the next 20 years discounted to present day values), these are
shown on a District basis (Appendix 15). Of these the order of priority is given 1n Table 12.

As can be seen only one N.P.V.. is positive — Lilangwe (it is not necessary to quote Internal
Rates of Return at this stage as the majority would be very low). There is therefore no econoinic
justification, based on existing traffic, excepting the case of Lilongws, for any general upgrading
from earth to gravel standard on a District basis. In Lilongwe District it is possible to justify now
upgrading of feeder roads. However this does not imply that any one particular improvement within
a District is without economic justification; such a’case is possible but individual project studics

are outside the scope of this report.
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TABLE 12

Benefits to existing traffic following feeder roads
upgrading from earth to gravel standard

District Net Present Value -£
Lilongwe +139
Chikwawa - 5M
Cholo - 1005
Dowa - 1546
Mlanje - 1643

It needs to be stressed that whilst the above tabie indicates areas of priority, except for
Lilongwe no economic case based on present traffic currently exists for an upgrading of feeder
roads; the priorities which are listed are in fact of low priority.

3.8 The future development programme of the Roads Department of the Ministry of Works and
Supplies, shows that for the period 1069/71 an annual average of £80,000 is allocated to feeder road
improvement and construction, This amount is not derived from any economic return as none is
known. It is desirable to ascertain whether in general there is justification for this and additional
expenditure for the construction of new feeder roads as compared with upgrading of existing feeder
roads, based on present agricultural production and traffic, Current crop production patterns and
levels have been analysed and compared with the current road network (Appendix 16). These results,
expressed in metric ton kilometres per kilometre, show that only in the following Districts given in
Table 13 could a new feeder road construction programme now be qualitatively justified.?

TABLE 13

Current annual export freight hauled

Export Froight
District Metric Ton Kilometres
Per Kilometre

Cholo 869
Chikwawa 704
Lilongwe 691

For full details see Appandix 16
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This 18 a qualitative judgement us it has not proved possible to quantify what rates of return would
be earnt and it 1s therefore only possible to say that there is some, possible inconclusive, evidence
in these arcas. Rencauth these Districts there 15 a significant gap - the next District 18 Chiradzulu
{474 metric ton hilometres per hilometre), Only in the above cases is it possible to advise, that
on current production patterns and levels there is, pousibly inconclusive, evidence that it is
justifiable to endorse a general district feeder road construction programme. There is no definite
‘brcak even' point but as the gap between Lilongwe (691) and Chiradzulu (474) is so significant,

it is possible to state that in all Districts except the above three, the present production is far

too low to justify, in general, expenditure on new feeder roads, The same proviso as expressed
carlier also applies lere, in that the above advice does not rule out individual projects which have
sound justification in any one of the other Districts. It is not possible in this report to identily
such schemes. Similar analyses relating to the estimated future crop production level and pattern
are shown in para. 3.10,

3.9 Itis now relevant to introduce future traffic levels which will be associated with the future
agricultoral distribution, production and consumption levels. The wider-effects of investment in
transport or the macro-economic elementsalso need to be considered. As pointed out earlier,
\lalawi is still at the stage where its economic development is concentrated in the basic economic
infra-structure which includes the agricultural, health, housing, education and labour sectors.
Transport is not in fact, a separate sector but a link between sectors and as such returns can be
extremely difficult to quantify. It has been stated by the Brookings Institute 23 that transport
dues not by itself open up areas but acts as a catalyst. Other external sources 11 24 suggest
that evidence on transport leading to development 1s confhicting. This is to be expected as each
individual country examined is at a different stage in its development. No evidence is available
however relating to Malawi and an attempt necds to be made to determine the affect of road invest-
ment in Malawi. At this stage therefore it is relevant to consider the correlation between agricul-
tural production and other factors individually and multilaterally, i.e. simple and multiple regression.

The current situation is shown on Figures 1 to 6, where the value and volume of crop exports
are related to the existing and potential road netwarks. Linear and multiple regression analyses are
given in Appendix 7. ‘The equation based on crop values (Y1) are clearly valueless; the crop volume
(Y2) equations are more significant (at 10 per cent level) but not at the level of 5 per cent which is
normally considered acceptable for practical application. This and the factors discussed in para
3.8 indicate that in Valawi’s economic development to date, there is no conclusive quantitative
evidence, on a District basis, that increases in road mileage have led to increases in export crop

production on a value or volume basis.

However, if the analysis is concentrated on the hi ghest significant correlations, there is
evidence (Appendix 7, 7th equation) to indicate that there is a fair positive correlation between
the volume of crop exports per hectare cropped (Y2) and the population per cultivable area (X2).
This suggests that in the past in Malawi it has been population rather than roads which has led
to economic development, or that people rather than roads have opened up the country.
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The foregoing would seem to indicate that at the current stage of economic development in
Malawi there is no evidence at present locally which would enable one to attribute any economic
returns from any increased agricultural production to feeder road investment, that is to increase the
Net Present Value (N.P.V.)or Internal Rate of Return (L.R.R.) accordingly, except where there is
conclusive proof that an investment in a particular feeder road would be quantilatively conducive
to a raised level of agricultural production. It should be noted that some Districts {e.g. Cholo)
are by 1970 showing a negative export crop traific forecast, that is, importing rather than exporting
crops. This means that the trucks will be carrying produce inwards rather than outward and the
load factor would therefore remain unaltered. Evaluation has been carried out accordingly.

After considerable thought and research(23) it has been decided to assume that one quarter of
the growth in agricultural production would occur without infra-structura) investment and this
assumption has been used in assessing the forecasts in Part 2.

The above evidence would seem to indicate that it is necessary to prohe wider in the case of
VMalawi in order to quantify what economic returns from induced agricultural production can be
attributed in future to roads, It is in fact the problem of allocation of returns, as dealt with
elsewhere12 induced by more than one investment project or input. In this case the other invest-
ment would be in housing (for population movement), health, education and posaibly irrigation, in
addition to roads. The simplest answer to such problems is to regard all the investment as one
large infra-structurai investment and calculate an overall return. But this does not assist with
regard to priorities between sectors or in a limited field, such as feeder roads, where other invest-
ment projects are outside the terms of reference. In the circumstances 1t is probably best to assume
that returns are proportionate to costs, that is, rates of return to each sector are equsl, Whilst this
assumption has iherent deficiencies it does assist considerably towerds making a necessary
assessment. However, other investment costs are not known for this study and it 18 necessary to
review other nfrastructural studies so as to determine the proportion of total economic returns
attributable to roads 11’ 14, 18, 23, 25 ~ 33, From these it would appear that 1t is both justifiable
and reasonable that approximately one quarter of the returns to a joint project should be attributed
to the relevant roads. This means that one quarter of the net value of the mnduced agricultural
Lraffic and maintenance sectors, on the nssumption that the concomitant infrastructural invest-

ment also occurs.

The net vaiue of induced agricultural production is the producers price les s the value of the
Inputs, other than ';;n:l“;?\'vhich are directly conducive to such an incresse in production. These
other inputs would include labour, seeds, fertiliser, etc., and are estimated, over the period of
this study, to total 10 per cent of the producers price. The main input element is labour which is
thought to have an economic (opportunity) cost in the short run of about 0,33 kilograms of maize
equivalent per man hour and in the long term of about 2.15 kilogcams of maize equivalent per man
hour. These are broadly in alignment with experience elsewhered4 and the effect of the labour
supply constraint covered earher. When the other elements - seeds, etc are added, a deduction
factor of 10 per cent is not thought unreasonable, however it should be pointed out that more
empirical research is probably needed on this aspect.
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To “Deficit \reas" (where crops nced to be imported rather than exported) it is of course,
fullacious to take into account any joint benefits, as crop production will already have reached 1ts
maximun,

2,10 With these factors in mind, it is therefore necessary to determine from the estimated future
agricultural production level and pattern (See Part 2), the economic returns in N.P.V, form that
would accrue, concomitant with an upgrading of existing feeder roads and/or the construction of

new roads. To do this it has been necessary to carry out detailed agricultural and traffic evaluations
(Appendix 17) and an analysis of the road network. A similar but limited exercise has been perfor-
med on the existing crop position in paras 3.7 and 3.8. llowever, prior to comments on the results

of such an analysis, it is necessary to add a preface.

In paras 3.7 and 3.8 the economic appraisal of existing traffic flows was covered, It 1s now
opportune to consider the appraisal of new and generated traffic on both new and upgraded roads.
This type of traffic needs to be appraised on one of three different bases, depending on its causality.
Initially it is necessary to distinguish between new and generated traffic’ The former can be defined
as normal traffic growth which would occur if the road network remained the same. Generated traffic
can be defined as that occurring as a function of an additional factor input, that is, a new or upgraded
feeder road or any infrastructural investment.

Firstly, considering new traffic only, which includes that traffic associated with the agricul-
tural investment, this is to be evaluated at the same rate as existing traffic (that is, at 2.1 pence
per metric ton kilometre - g.v.).

Secondly, for that proportion of generated traffic which is not regarded as an inventory cost or
input,namely, that proportion of total réturns not allocable to feeder roads, (that is, for 75 per cent of
the generated traffic), this should be appraised on the basis that the net benefit to each unit of
traffic should be valued at half the change in net benefits to each unit of existing traffic on a
similar journey, when cxisting traffic operating costs include total tax, (See Appendix 8 and 13) and in
addition the value of the total tax paid by traffic on generated journeys must be added to obtain the
national net benefit from generated journeys. This type of approach has recently been developed in
more detail, so as to differentiate between types of taxation, by the U.K. Mimstry of Transport 12
and the French Ministére de 1'Equipement (See Appendix 13) and 1t is recommended here. On the
basis of the evaluation techniques outlined in para 3.9, the foregoing method will apply to 75 per
cent of the generated traffic, The remaining 25 per cent is classified as an input factor on the
assumption, expressed earlier, of the equating of proportional economic returns to proportional

project costs, (See below).

Thirdly, for that proportion of project costs (25 per cent) where a road scheme is assumed to
he quantitatively conducive to increased agricultural production, this proportion (25 per cent) of generated
traffic should be regarded as an inv-entory cost in the same category as seeds, [ertilisers, storage
facilities and other inputs, In this case generated traffic costs should be assessed exclusive of
tax as indicated in pgtix 3.4 as evaluated in Appendices 17 and 20, In these circumstances it
would be double counting to include such operating costs again even as a negative factor and should
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therefore not be included further,

‘The quantification of the accruing benefits for generated traffic, in the second case, that is
provided these ure not to be regarded as an inventory cost or input, is drawn from the estimated
future patterns and levels of agricultural production (see Appendices 17 and 20). It will be noted
that the Lenefits have been calculated for a surface change of earth to gravel on a basis of 1.3 pence
per metric ton kilometre as compared with 2.1 pence per metric ton kilometre for existing traffic.
This is in line with carlier recommendations. This figure has been derived as shown in Table 14.

TABLE 14

Derivation of Change in Benefits for Generated Traffic

Tlalf change in user costs (i.e. including tax) = (5.6-3.4)= 1.1 pence per

see Appendix 8 2 metric ton
kilometre

Value of total tax paid by teaffic on » 3432=102 " "

generated journeys Total « 13 * °*

For the appraisal of newly constructed feeder roads, traffic can be classified as either
diverted or generated. It has not been possible to make overall District traffic assignments. All

“ traffic has been assumed to be in the generated category and therefore evaluated on the above basis

/?

with the assumption that the demand function is linear. It is appreciated that the surface of opera-
tion would be earth but on the foregoing assumptions net benefits would be unlikely to be
significantly different.

3.11 It may be useful at this stage to summarlze the techniques used, the valuatlon of factors and
the logic of the analysis, The reader will then be in a position to follow the various stages in
detail by reference to the Appendices (referred to by Appendix and column numbers in brackets).

The forecast of total export/import crop traffic (Appendix 17 Col. 5) is derived from the
agriculture forecast and can be divided into existing traffic (17/6) and new and generated traffic
(17/7). Tt should be noted that a negative sign (-) indicates a reversal of traffic flow - an import,
rather than a negative quantity. Existing traffic is evaluated at 2.1 pence per metric ton kilometre
(17/11). New and generated traffic is required to be divided between that which would occur without
any infrastructural investment including feeder roads and that which is a function of infrastructural
investment, including feeder roads. It has been estimated that one quarter of the agricultural
production increase and therefore traffic growth would occur with no infrastructural investment and
this is to be treated in the same manner as existing traffic and evaluated at 2.1 pence per metric ton
kilometre, (17/11). That eiement of new and generated traffic which is a funcrion of infrastructural
investment (75 per cent of total) needs to be considered in two different ways. It has been derived
that one quarter of this traffic (18.75 per cent of the total) is in fact an input when evaluating the
s roads proportion of the net value of induced agricultural production. To count it again, would be
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double counting, so it can salely be ignored. The remaining three quarters (56,25 per cent of the
total) is that caused Ly the new fecder roads and is to be evaluated at 1.3 pence per metric ton
Lilometre (17/12) so one reaches the total traffic benefits (17/13).

The roads proportion of the net value of induced crop production can be ascertained from the
?expon crop values in maize equivalents (17/3) and is converted to present value financial values
l (17/4). On the basis of allocation of joint benefits to joint costs discussed earlier, one quarter of
the net value has been allocated to roads (17/6). To reach total benefits (17/18) it is necessary to
add the change in maintenance costs (17/15)%

In order to ascertain the exact construction and upgrading programme that is economically
justifiable it is necessary to compare traffic and induced crop production benefits against costs per
kilometre (construction and maintennnce) (Appendix 21). This results in a non-exclusive amount, in
kilometres, which can be converted to a financial level of expenditure for the evaluation and plan
periods (Appendix 21),

3.12 The final results of this quantitative analysis (Appendix 21) show the distances of feeder road
construction and upgrading that would be concomitant with and conducive to the levels of future
agricultural production included in this Report (Appendix 1) over the evaluation period 1970-1990.

W e 2l rTejs f,\.,
The Districts, in order of priority where the future feeder road programme should be concen-
trated are:~

N 1. Chikwawa
2. Nsanje
3. Lilongwe
4, Mzimba
5. Mchinji
6. Dedza
7. Kasungu
8, Blantyre

Of these, emphasis should be concentrated on the first three, in the short term, in order to obtain

maximum returns.

It bas been stressed earlier that feeder road investment is to be regarded as an important
part of overall infrastructural investment - its fimportanoe is heightened because of its catalytic
 qualities. It should not be undertaken in isolation because a significant part of the benefits would
be lost. Over the evaluation period an expenditure of nearly £7,000,000 in current prices is
justified on feeder roads and we are of the opinion that in the programme period (1969-74) an
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expenditure level of £1,500,000 or about £250,000 per year in current prices is justified, This
figure is of course subject to considerations regarding the method of finance and the position of the
debt-servicing ratio, which nre outside our terms of reference of this report. We could not support the
expenditure of the above figure if it were not an integral part of overall infrastructural investment,
Without such infrastructural investments it is only possible to recommend expenditure at one quarter
of the above levels, that is, about £60,000 per year.

It addition to such overall expenditure on feeder roads, it is equally necessary that detailed
analysis and evaluation occur in the Districts of high priority in order to determine the actual
locntions of the relevant roads. We have very serious doubts as to the capability of existing atalf
in Malawi to carry out such planning and analysis. It is our opinion that an overseas techaical aid
survey teain may be required in order to effect the necessary detailed survey making use of the basic
data incorporated in this Report.

This Report has of course cuncentrated its analysis on feeder roads, but the Team also had to
review the main and secondary roads, It is absolutely essential, in our opinion that construction
and upgrading on these roads continue at a rate not less than that on feeder roads as part of an
integral infrastructural investment. Furthermore, there are other economic recommendations to
follow, the implementation of which has been assumed in arriving at the above conclusion.

3.13 Further economic recommendations are

(a) Road transport licensing. In the course of the analysis it was thought pertinent to review
the transport charges for agricultural produce. These are closely associated with the road haulage
licensing situation, It has been the policy to allow the two major road haulage concerns (Rcad
\otor Services, R.M.S.; and United Transport (Malawi), U.T.M.)'to have a monopoly of long distance
haulage and for a loosely-knit African transport association (Malaw: African Road Transport
Association, MARTA) to organise and control local crop movement. We understand that it is also
within the power of the Road Traffic Commissioner to control charges but at present this is not
exercised(35), It is our belief that such a policy is detrimental to Malawi’s economic development,
Lack of competition has been partially responsible ior the relatively high charges levied for road
haulage and for slow growth in this sector. This has in turn caused increased operations in the
private account haulage field which is not econonvivic due to low utilisation rates.

L4

To summerize; the preseat policy is in our opinion detrimental to development as it leads to

high transport costs and charges. It is understood that the I.D.A. thoughts are on similar lines,

Their proposals for a comprehensive enquiry in this field are fully supported.

(b) Restrictions on transport operations (I) weight limit between Neheu and Dedza. Opera-
tions are restricted to vehicles of under 13 long tons gross during the dry scason and 8 long tons
gross during the wet season, with no trailers permitted over this stretch of road. Although part of
this section is rather winding up an escarpment and is now under reconstruction, there does not
appear Lo be any obvious technical reason to support such a restriction (the road between Chileka
and Mpatanunga is of a far lower standard geometrically but has a waight restriction al & much
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'higller level of 40 tons; it carries heavy trucks with trailers and is the main route into Mozambique
and S, Nhodesia). Its main purpose could be to ensure that Zambian transit traffic is diverted to

rail at the Salima terminal but in doing so imposes harmful restrictions on local traific. It is recom-
mended that such restrictions be removed. (I} Through operations to S. Nhodesia. Operations are
limited to two carriers (UTM/SWift and Clan) for the Blantyre/Tete/Salisbury route. It is apprecia-
ted firstly that cooperation is necessary between Malawian, Mozambique and S. Rhodesian suthori-
ties on this route and secondly that the Chileka-Mpatamanga-Mwanza section of this route is of a
very low standard indeed for an international route (see also (b)(I) above). However it is recommen-
ded that a situation is not allowed to develop on this route which parallels the monopolistic situation
within Malawi and its concomitant malfunctions. Therefore the restrictions on this route should in

our opinion be reviewed,

ROAD DESIGN AND CONSTRUCTION
PART 4

4.1 In order to obtain a good general impression of the road network in Malawi extensive travelling
by Landrover was necessary. The principal roads are shown in Fig. 7. It became rapidly apparent
that ‘some seripus deficiencies in the primary (trunk) roads exist. Similar conditions obtain with
many of the secondary roads. These defects include poor alignment, steep gradients and bad riding
quality, The present low standard of some of the primary roads in however recognised in some
quarters and plens are well advanced for their improvement {e.g. the M.l road from Zomba to

Lilongwe now in progress).

The present classification system for roads is a purely administrative one and gives no indi-
cation of the quality of individual roads, their structure end surfacing nor the amount of traffic

they are carrying, The system is given in Table 15.



TABLE I5

Administrative road classification system

Noad Type Administrative Code Letter
Main M followed by a
Secondary S { road number in
District D § Arabic numerals
Branch B)eg.M1,569
Estate E)D2701
Unclassified .
Self help } U
Jeep tracks

In general the Ministry of Works and Supplies is directly responsible, through the Director of
Roads for the maintenance of all main and secondary roads. The District roads are maintained by
local district councils which receive financial aid and technical advice from the Ministry. Of the
Branch and Estate Roads the Ministry accepts responsibility for approximately 100 miles, The
remainder, together with those of the Unclassified group are privately maintained. As will be ob-
served, such as classification provides no indication as to the type of road surface. An agricul-
tural classification is also in use and is as follows:

TABLE 16
Agicultural road classification system
Road type Classification
Secondary n

Market to Secondary or Main

trafficked market to Secondary

m
Village to market or lightly v
v

Hamlet, farm or field to village
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Again this classification gives no indication of the running surface although some ideu of func-
tion is conveyed. \n additional classification has been introduced within the Vinistry of Works and

Supplies for use principally in reporting existing road conditions. This system describes the normal
state of the road as follows:

(i) All Weather : unlikely to be closed for more than 24 hours due to adverse weather
{a) bitumen surface B

(b} gravel surface G *
{c) ecarth surface F1*

(i) All season : generally usable during the wet season but may be closed for periods

of up to 4 weeks
E2* natural ‘insitu’ earth
(itd Dry secason
E3¢

Normally usable in the dry season only, natural “insitu’ earth

* By gravel is meant a construction prepared to specified engineering standards from
imported selected material, ‘imported’ meening in this instance brought from a source
of supply some distance away but necessarily within Malawi. An earth road may however
have short stretches of gravel imported during routine maintenance operations, often
unselected and only marginally better than the existing soil.

Thus in reporting on a road the Administrative Classification would be followed by the type
code letter, for example S 69 G indicates that the road 15 a Secondary one having a properly con-
structed base and running surface laid to a specified standard. The suffix describing the road base

and surface is also of value to the driver as it provides some indication of the conditions he may
encounter before starting his journey.

Road mileage for which the Director of Roads is the Highway Authority are given in Table 17
below. Three types of surface have been considered in obtaining the mileages by type, namely bitu-

minous surfaced, reconstructed gravel and unimproved earth (corresponding to the classification
code B; G; and E;, Ep and Eg).

TABLE 17
Road mileages by Class and surface type June 1968
Type of Surface Total
Administrative Bitumen Reconsmtl:ted Um:n:rr&ved Miles | kilometres
Classification g
miles | kilometres | miles | kilometres { miles | kilometres
M 286 460 441 710 1094 1760 1821 | . 2930
S NIL NIL 62 100 1214 1933 1276 2053
b NIL NIL 58 93 3021 4861 3079 4954
B NIL NIL NIL NIL 74 119 74 119
E NIL NIL NIL NIL 75 121 75 121
TOTAL 286 450 561 903 5478 8814 6325 10177
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Source : The figures given in Table 17 have been taken from:

(1) The Public Road Ordinance. Declaration of Public Roads published in the
Nyusaland Government Gazette Supplement 1st February, 1963; and

(2) Additional information supplied by the Ministry of Works and Supplies, Malawi.
4.2 The present road design standards in use in Malawi are briefly summarized in Appendix 22,
These standards compare well with those recommended by otiier authorities, for example, the World
Bank (International Bank for Reconstruction and Development); differing only in detail and generally
demanding sligbtly higher standards of curvature and gradient.

From a visual examination of many miles of Malawi's roads it is obvious that these standards
have yet to be met, even on some of the M classification roads. Whilst plans for considerable primary
and secondary road improvements are in band, it must be empbasized that any success of an improved
feeder road system in terms of economic development will be vitiated if the Main and principal Secon-
dary roads are inadequate for the increased traffic generated following the construction of feeder
roads.

Whilst it may be desirable from the user point of view and that of nearby residents that all roads
should have a bituminous surfacing, ignoring problems of revenue raising (that is, who pays?), at the
present stage of Malawi's development such a stendard is neither economic nor practical. Neverthe-
less such roads should be considered for the future, It is therefore felt advisable that wherever eco-
nomically justified, feeder roads should be built to the standards consistent with the demands of
present and future traffic. These standards are considered in more detail later in the report.

4.3 Traffic counts have been made regularly by the Roads Branch of the Ministry of Works and
Supplies at 63 census stations comprising a total of 250 census points. The counts undertaken in-
volve 12 hour day counts (6 a.m. — 6 p.m.) when vehicles are also classified and 12 hour night couats
(6 p.m. ~ 6 a.m.) when vehicles are counted, but not classified, by standard roadside traffic counters.
Counts are made twice a year at each station. A typical record of a traffic count is given in
Appendix 23.

The traffic census figures for 1967, the latest complete set of figures, have been studied and
used in obtaining approximate average flows of different vshicle types past the census points, The
flows have been further broken down according to the type of road surface at each individual census
point. The results obtained are given in Appendix 6. These traffic flows refer almost exclusively
to Main (M) and Secondary (S) roads, only a few District (D) roads are included. To arive at some
figures of traffic flow the lesser roads some attempts were made to carry out moving vebicle counts
whilst travelling in the Landrover. The object of such counts was to apply the relation

(x+y) 86
ta + tw

Flow, q =

where x = number of vehicles met in the section when travelling against the stream of traffic
y = number of vehicles that overtake the observer minus the number that he overtakes

when travelling with the stream
ta = journey time of observer when travelling against the stream
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tw = journey time of observer when travelling with the stream

I the flow ‘g’ is obtained in vehicles per hour an approximate value for the Average Daily
Tealfic given by

AD.T. =16 q vehicles per day

Time and other factors did not allow the team to conduct these moving vehicle traffic counts in the
strictly correct manner of travelling several times in each direction to obtain reliable mean values.
Generally it was not possiblc to make more than a single jouney in one direction. Some results obtained
are given in Appendix 24. Although the figures given in Appendix 24 are quite inadequate for pre-
paring any reliable estimales of Average Daily Traffic they at least indicate that traffic flows are
very small and that a high proportion of the traffic comprises vehicles of less than 30 cwt unladen
weight (namely, cars, pick-ups, and most Landrovers),

In the absence of more reliable data and bearing in mind the flows past the Traffic Census
points, it would appear reasonable to state that most Secondary and District roads probably carry
leas than 40 commercial vekicles per day and many probably less than 20 (except possibly on petiod-
ic market and produce days and collection days.

The figures of tratfic flow quoted 1n Appendin 6 have been used in conjunction with numbers of
licensed vehicles in Malawi (as at December 31 st 1967) to obtain values of vehicle miles (vehicle
kilometres) for the different types of road surface and difierent vehicle lypes. In the absence of other
data this has been the only available approach and the fiures quoted must be viewed and used with
caution. The results obtained are given below in Table 18. The manner in which they were obtained
is shown in Appendix 25,

TABLE 18

Traffic flow in terms of vehicle kilumetres (vehicle miles) travelled per year

Vehicle type
Road Vehicle Kilometres (vehicle miles) per year x 1000
Surface Passenger Light lorry Heavy lorry Total
Cer (<3 ton load) | (>3 ton load)

Bitumen 116,249.4 63,405.0 115,510.5 295,164.9
(72,249.0) (39,406.4) (71,790.2) (183,446.2)

Gravel 6,181.2 7,492.5 21,230.0 34,903.7
(3,841.6) (4,656.7) (13,194.5) (21,692.8)

Earth 4,069.8 4,995.0 11,483.5 20,548.3
(2,529.3) (3,104 4 (7,173.1) (12,770.9)

Total 126,500.4 75,892.5 148,224.0 350,616.9
olale (78,620.5) | (47,167.5) (92121.8) | (217,909.9)

Total vehicle kilometres = 350.6 x 106 on all roads by all vehicles
= 217.9 x 10 on all roads by all vehicles

Total vehicle miles
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4.4 The design of any road demands the knowledge of present and future traffic flows. On exist-

ing roads present traffic can be estimated nting vehicles. Such counts are valuable
when considering improvements to existing roads and in detecting trends over a period of years. When
planning a new major road there is a need to know what traffic is likely to use the road immediately
after construction and over the assumed life, that is, 20 years. In such instances a full economic
appraisal would be advisable and would need to include an Origin and Destination Survey and fore-
casts of future numbers of vehicles. Methods of carrying out these surveys are outlined in Appendices
2 and 27. Further detailed information may be obtained 10 ‘Research on Road Traffic’ = and other
publications. Such sophisticated methods of investigation have been developed in highly industria-
lised countries and may not be strictly applicable to developing countries whose production activities
are primarily agricultural. Forecasts of traffic flows are more difficult to achieve but a recent publi-
cation applicable to developing countries may be of value 37, Furthermore, except for the less
important Secondary (S) roads, which fall into the category of feeder roads, their application to the
improvement planning of existing minor feeder roads would have little value since origins and desti-
nations are largely fixed, namely farms and buying points already linked by the shortest routes. Fore-
casts of raffic on feeder roads would be more satisfactorily made from projections of agricultural
production in the individual districts concerned.

4.5 Roads are normally designed for a useful life of 20 years, which is the estimated life used in
Part 3,after which major reconstruction may be necessary owing to increased traffic, greater vehicle
speeds, high maintenance costs and general structural deterioration. For such design to be possible
forecasts of traffic on all individual feeder roads, existing and planned would be necessary. To
obtain such traffic data in Malawi would be an impossible task. However, existing figures of traffic
flows show that traffic on Secondary roads is quite small (see Appendix 6) and is certainly even less
on District, Branch and Estate roads. Few Secondary roads camry more than 50 commercial vehicles
per day and many less than 25. (Commercial vehicles are defined here as ell traffic excluding cars,
motor cycles, bicycles and ox-carts; but including vehicles such as Landrovers).

The selection of existing feeder roads for improvement and of an aree for the construction of
new roads unfortunately is not solely a question of knowing present and future traffic flows. Road
improvements and new construction must he considered on the basis of the highest economic return,
The latter depends on the impact of a road on agricultural production, the transported crop volume
and the distance travelled.

At this stage it is not poasible to indicate precisely to what standard individual feedet roads
should be constructed or upgraded. Whilst it would be valuable to the engineer to be able to formu-
late a guide to the required standard in terms of traffic flow, such a detailed appreciation could be
achieved only by economic appraisals of individual localities. Consideration might however be
given to the standards outlined in Table 19 and which might lend themselves to a simple form of
stage construction,
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TABLE 19
Possible feeder road types

Type of
feeder road Remerks
Low Stage (b) Development Road(®), earth surface,
standard very little traffic, mainly 4—wheel drive
Intermediate | Stage (a) Development Road(“.) earth surface,
standard little traffic, but occasional 5-ton trucks
Righ Similar to Class TV road®)but with earth
standard surface, heavier traffic with 5 and 7—ton trucks
Class IV(8) | Gravel running surface, heaviest feeder road
gravel traffic P.5.V's and high proportion of heavy
trucks

Note (a) For further details see Appendix 22

.

Whilst the earth feeder roads are somewhat rudimentary in character, they should nevertheleas,
be constructed to recognised geometrical standards. Suggestions for the latter are given in Table 20,

TABLE 20
Suggested geometrical standards for feeder roads
Type of Design speed Gradient Curvature E‘:}:L?
feeder road Terrain - minimum maximum minimum minimum
m.p.h, per cent feet feet
Low standard | | lote0d 2 9-10 150 12
Rolling
Hilly 15 12 100 12
Flat and
Intermediate 25 Y 200 12
standard Rolling
Hilly 20 11 150 12
High Flat and
‘Standard (&) Rolling 80 8- 250 12
L Hilly 25 10 200 12

Note (a) The ‘high standard’ feeder road approaimates to the Ministry of Works and Supplies
Class IV standard without a gravel running surface. No hard and fast rule can be given
for deciding on the type of road. The suggested standards should be regarded as
flexible and must be considered in relation to other economic and social needs and to the
terrain over which the road is to run,

4.6 Since an economic appraisal of each feeder rond would be in itself a costly exercise and beyond
the scope of the Ministry of Works and Supplies staff, it is necessary to consider the economic
position of areas, such as the administrative districts. From the Cost Benefit Analysis in Part 8 it

is possible to indicate which Districts have the highest priorities on the basis of existing and future
agricultural production and'traffic levels, This aspect is deult with in para 3.7 in the preceding Part.

35



The responsible authority would then be in o position to allocate funds more rationally to obtain the
highest economic return on the investmenl. In the absence of more detailed datn in eack districl, the funds
could reasonably be re-allocated to specific roads within a District on the basis of local knowledge
of crop types and values, traffic and social needs,

4.7 It is highly unlikely that conditions demanding a bituminous surface for feeder roads will occur
for many years in \lalawi. Consequently it is not proposed to comment on types and methods of lay-
ing bituminous surfacings nor on the qualities of road bases needed in such roads. The construction
operations for feeder roads will thus be mainly those of earthmoving, spreading of gravel, shaping and
compaction. The problem thus arises as to whether capital (that 15, plant) or labour intensive methods
should be used in the road construction. In many cases the problem is temporarily solved by the lack
of suitable machinery. Where the choice is available it should be made after a study of the economic
costs of both methods. How this can be done is outlined in Appendix 28.

4.8 Bridges and culverts are expensive items in road construction; a single width concrete bridge
spanning 20 feet could add £2000 to the cost of a road and light culverting in concrete (say 10 per
mile) an additional £1000 per mile. Such costs would be a high proportion of the total cost of a low
standard earth road. It is thus essential that every possible advantage of local topography be taken
in locating feeder roads to reduce the need for these relatively costly structures.

Most bridges on the Secondary and District roads have permanent atone or concrete abutments
with timber beams and decks. There is no doubt that, structurally, such bridges are adequate for
present traffic when properly maintained, although the present condition of many leaves much to be
desired. It would appear that financial allocations for bridge maintenance are either inadequate or
are not being efficiently used. From observations and enquiries made it 15 evident that the vehicle
most commonly used for crop transporting on feeder roads is the 5-ton capacity lorry, although some
7-tons capacity lorries are also used. It is rocommended that bridges and culverts on new feeder
roads be designed to take the heavier vehicle where there is evidence of the significant use of the

latter.
L]

4.9 The problem of road maintenance in Malawi ia a serious one and deserving greater atteation.
The general impreasion gained is one of inadequate funds being allocated for road repairs and in-
adequate sub-professional supervision. On roads travelled, other than urban and main {M) roads the
only maintenance observed was being done by hand and made little contribution to improving and

preserving the roads,

Some maintenance on gravel and easth main roads with motor graders was seen to be detrimental
rather than beneficial. Mitre drains were completely blocked by residual windrows of loose gravel
and earth left by the grader. It is evident that some study is needed of the road maintenance sitoa-
tion especially in regard to the training of plant operators and supervisory stalf. (The recently
introduced system of allocating available funds to the roads most in need of attention may lead to
considerable improvement in the present situation provided adequate funds are made available).

More detailed information on earth and gravel road maintenance may be found in various publi-

cations, for example Road Research Laboratory Overseas Bulletins Nos. 6 38 and 1499, Expendi-
ture on road maintenance in 1967 has been studied from figures supplied by the Ministry of Works
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and Supplies of departmental costs and Ministry overheads. Annual maintenance expenditure per
mile of road according to road classification and type of running surface is given in a table in
Appendix 29. This table quotes the direct works costs and the economic costs in Present Value form,
The method by which they were obtained is indicated in Appendix 30.

Using the figures quoted in para 3.2 for road maintenance expenditure and the vehicle miles
applicable to each road surface type given in Table 18 the following approximate costs have been
derived — Table 21.

TABLE 2!

Maintenance expenditure in 1967 including basic maintenance and some resealing

Expenditure Expenditure per 1000 | Expenditure per 1000
Road surface | per kilometre per mile | vehicle kilometres vehicle miles

L £ pence pence
Bitumen 145 234 65 104
Gravel 68 110 215 346
Earth 16 26 952 1532

The more meaningful figures of expenditure per 1000 vehicle miles (or vehicle kilometres) are
revealing and indicate, even though they are only approximate, a lack of supervision and technical
expertise in the maintenance of the earth roads in particular. They also suggest that maintenance
by hand methods again mainly on the earth roads is a particularly expensive way of doing the job.

It is interesting to note the maintenance costs for bituminous roads in Great Britain 12 es
given in Table 22,

TABLE 22
Maintenance costs on British roads
Cost per mile of road Cost per 1000 vehicle
Road class per year miles
pence
Trunk 1047 60
Class ] 883 100
Class I1 670 117
Class 1l 394 816

Although the costs per mile of say Class I and Il roads in Britain are far greater than in
Malawi, the costs per 1000 vehicle miles are similar.

It would be expected that in the United Kingdom, where traffic flows are so very much greater,
the cost per vehicle mile would also be greater since the wear and tear of the roads is greater. That
this is not so suggests some deficiencies in maintenance of bituminous roads in Malawi. It should
be borne in mind that the maistenance costs in Britain include expenditure on items not incurred in
Malawi, for example salt spreading and snow clearance. In soad maintenance operations there is
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always a conflict between budgetary constraints (that is,what funds are allocated and spent) and
what expenditure is justified on the basis of its economic return. Field research has shown that on

earth and gravel roads the cost of maintaining a reasonable standard is related to the traffic flow.
The formula £(50+ 20V per mile per year 40 has been suggested as a guide to maintenance costs on
improved gravel roads in open savannah country (Q = average daily traffic flow). It must be empha-
sized that this relationship was derived from observations in areas of relatively low rainfall and
terrain whicl provided no serious engineering problems which would affect maintenance. Under these
conditions the formula has been found quite reliable. The formula should not be used in nsaessing
the maintenance costs of bituminous surfaced roads. It refers to the maintenance of full-width im-
proved gravel road and 1s based on prices of £30 for grading 30 miles per day, grading being done
after the passage of 1200 vehiclea and £600 per mile for 4 inches of gravel eveny 4 years. Prices in
\Mlalawi differ considerably and the following are suggested as being more appropriate to the condi-
tions which obtain in the country. Hire rates for motor graders range, according to type, from £24 —
£28 per day including operator, fuel and oil. On a full width (20~24 feet) gravel road an operator
can grade 6 — 7 miles of road, giving 3 passes of the grader across the width of the road. One in-
stance is known in Malaw: of three graders in echelon grading 30 miles of road which is equivalent
to one grader treating 10 miles of road with 3 passes. Thus for an 8 hour day using an average
figure of £26 per day for the cost of the grading operation and say 8 miles of road per day, the cost
of grading would be approximately £3 per mile. Expecicnce suggests grading may be necessary after
the passage of about 1200 vehicles. Then for a traffic flow of 100 vehicles per day the number of

gradings needed per year would be 365 x 100 = 30 say. The cost per mile per year would then amount

1200
to £90. Assuming a loss of gravel of 1 1n per year per 100 vehicles per day the cost of regravelling

every six years would be, at current Malawi costs, £1800 per mile, that is £300 per mile per year.
The annual cost of maintenaice then totals Basic maintenance + £390 per mile. The basic mainte-
nance cost which is virtually independent of traffic flow amounts to approximately £160 per year on
Main and Secondary gravel roads. Thus maintenance costs may be represented by £160 + £390 Q per

mile — say £(160 + 4Q) per mile per year for full width gravel roads. Figures of coats derives from
this modified formula, when compared with those quoted by the Roads Department, for main gravel
roads suggest that maintenance expenditure is a hittle lower than it ought to be. However, the
formula £(50 + 2Q) has been found reasonably reliable in various other countries and the modified
relationship 1a probably excessively high. It is unlikely that the cost of maintaining e gravel roadin
Malawi is more than doublc that in other developing African countries. For less important gravel
roads where lower standards are acceptable and a narrower running surface exists the formula would
probably need further modification. "

Itmust be concluded that road maintenance in Malawi may not be being carried out in the most
efficient manner. The recommendation is made that the whole problem of road maintenance be
thoroughly investigated with particular reference to the more accurate costing of the operationsinvol-

ved.

In referring to these cost figures it must be emphasized that these are direct works costa and
have not been expresaed in present value form and aa auch are not comparable with other figures

used elsewhere in this report.

4.10 From figures provided by the Roads Department estimates have been made of the costs of
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construction of new roads to various standards. The results obtained are given in Appendix 31,
These costs have been based largely on recent contract prices and on departmental costs for 1967.

As with the analysis of road maintenance expenditure various assumptions have had to be made as
accurate information was not available. Contractors profit has been assumed to be 15 per cent; The
;e}ationahips between Contract Price, Direct Works Costs and Departmental Cost have been taken as
ollows:

(a) Contract price = Total Direct Works Cost + 15 per cent (of the total direct works cost)

(b) Total Direct Works Cost = Departmental Cost + 100 per cent overheads = 2 x Departmental
Cost.
(Ministry of Works and Supplies costing procedure does not allocate all costs)
(¢) Normal overheads = 14.5 per cent of direct works cost
and (d) Direct Works Marginal Economical Cost = Total Direct Works cost, less 14.5 per cent.

No accurate {igures of money paid out in compensation for loss of crops and buildings due to the
new road construction were available and approximate amounts have been assumed. Rates of com-
pensation are given in Appendix 18.

Estimates of construction costs of Crop Extraction dnd District earth roads have also hesn
made. There appears to he little difference in construction costs between the two standards of road
(i.e. Stage (a) and Stage (b)) Appendix 32.

A further analysis has been attempted of the cost involved in upgrading an earth road to
Class IV gravel stnndard (12 ft running surface) Appendix 33.

It must be emphasized that the cost figures obtained cannot be regarded as completely accur-
ate. This is due largely to the.current method of voting money for road maintenance and construc-
tion where, for exemple, the plant and vehicle meintenance vote for the whole Ministry, is grouped
under one sub-head, and not allocated by project. 'Considerable variations in cost will naturally
occur due solely to the type of terrain through which the road passes.

These costs are summarised in Table 23.

4,11 The agricultural and transport economics studies have shown that a strong case exists for

the upgrading of existing roads or the construction of new ones. An engineering programme to im-
plement the recominendations on the feeder road network would be a task of considerable magnituae
requiring large quantitics of road building materials. For the regravelling of the 2913 kilometres of
earth road as indicated in Appendix 21 more than 3,000,000 tons of gravel would be necessery. This
quantity takes no eccount of the normal losses which occur throughout the life of gravel roads. Over
a period of 20 ycars the total amount of gravel required could easily exceed twice this figure.

It is thus important that should such a project of upgrading be undertaken, the location of suit-
able roadmaking gravels be planned and carried out in the near future. Such a task, usually the
responsibility of the Materials Laboratory, isalarge one demanding considerable expertise. In this,
the use of acrial photographs can be invaluahle not only in locating materials hut also in siting
bridges, detecting areas of geological instability and in fitting the road line into the lopograpl:y“"u.
For this work an experienced Engincering Geologist would need to be employed.

Both colour und black and white aerial photographs exist for much of Malawi. Theae could no
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TABLE 23

Road construction costs for new roads and improving an earth road to gravel standard

Crop Extraction - Upgrading earth
and District road  |C1as8 1V Class IM|Cless T Class | to Class IV gravel -
S;:aageh(a) Stagth (b} | Geavel | Gravel | Gravel Bitumen Notes
Item h Ear 12 feet width | 22 feet width See note (bY (a) :22:’?:::;"
see note (a) surface dressing terrain
3 £ £ [ 3 Singl ble |Singl bl £
ingle | Nouble |Single |Double (B costs for easy
£ £ £ £ terrain
'Total direct works 5108 | sS164 7044 110184 | 10844 113865 | 15079
cost (2 x departmen- | 1000 900 to to to to to to to 5030 (c) ranges of costs
tal cost) 10803 | 11160 14435 | 17923 | 18581 {21952 | 23166 depend on
Contract cost (Total s874 | 6284 | 8100 | 11712 | 12471 [1504s [17301 terrain, ““;"‘;
direct works cost + 1150 1035 to to to to to to to 5785 mo;mg t;::e e‘ )
15%) 12424 | 12834 | 16600 | 20612 | 21371 25245 | 26641 2:1\::: :: d"
F.conomic cost 4367 | 4672 6023 | 8707 | 9272 | 11855 | 12893 bridges required
(Total direct works 855 769 to to to to to to | to 4301
cost — 14.5%) 9237 9542 | 12342 | 15324 ] 15889 | 18769} 19807




doubt be made available for interpretation purposes:

The location of new roads, the setting out and subsequent earthworks calculations are very
time consuming and again aerial photographs have in many instances proved valuable. In the case
of Malawi however the resources of the Survey department (Ministry of F.conomic Affairs) and the
Noads Department (Ministry of Works and Supplies) are not sufficient for producing large scale road
maps by photogrammetric means. This aspect of a feeder road programme would probably have to be
done entirely by normal survey methods on the ground.

The location in detail of roads for upgrading and for new construction is beyond the scope of
this report. It may well be beyond the capabilities of the Roads Department. It is considered that
a specially constituted survey team for this work is essential. Such a team should include an Econo-
mist, an Engincering Geologist and a Civil Engineer/Surveyor, The function of such a team would be
firstly to study in detail the Districts for which a high priority is given in this report and secondly,
to locate on the grouad, road lines which would take advantage of the existing and potentiel agri-
cultural situation, the geology and topography and general engineering conditions, to provide the
highest econpmic returns.

PART § CONCLUSIONS AND RECOMMENDATIONS |
5.1 Following this study the team members are fully agreed on the following conclusions and
recommendations.

1 There is no economic justification, on present traffic levels, (except in the case of Lilongwe)

for upgrading any existing feeder road; limited upgrading is however justified in Lilongwe District
now,

11 Thereis no economic justification on present traffic levels for the construction of new feeder
roads now except possibly in the Cholo, Chikwawa and Lilongwe Districts. The evidence favour-
ing construction in these Districts is inconclusive.

I There is economic justification for up to £250,000 of expenditure per annum for the period 1969~
74 on new feeder roads and upgrading existing feeder roads concentrating initially in the Chikwawa,
Nsanje and Lilongwe Districts, in order to induce increased agricultural production, This expendi-
ture, however, would be supported only if 1t were part of a full infra-structural investment programme
and if the recommendctions IV V VI and VII below are implemented. If a feeder road programme were not
part of a detailed infra-structural investment programme, 1t 15 recommended that espenditure be
limited to £60,000 per year provided also that the recommendations IV, V, VI and VII below

are implemented.

IV There is strong evidence that the Farmers’ Marketing Board transport rates need to be revised so
as to be based on distance and road surface condition.

V There 1s strong evidence to indicate that the present licensing policy is conducive to high trane-
port costs and charges. Consequently this policy warrants further investigation. The proposals by
the I.D.A. for a comprehensive enquiry on this field are fully supported by the team,

VI There 15 evidence that other restrictione on transport operations, for example weight limits, are
incompetible with the country’s economic development and should he removed.

VII There are strong reasons why expenditure on main and secondary roads should increase at a
comparable rate with fceder road expenditure,

VIII Therc is an urgent need to examine in detail and revise the methods by which funds are allo-
cated to rond construction and maintenance in order that accurate estimates of costs may be obtained.

This 18 cssential if thoroughly sound economic appraisals are to be achieved of feeder road networks
in individual Nistricts.
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IX There is every justification for higher standards of supervision in the construction ‘and mainte-
nance of roads. The costing of maintenance operations necds to be examined und the system of alle-

cating funds to Districts for road repairs without adequate technical supervision should be further
investigated.

X To implement the recommendation of £250,000 per annum expenditure on feeder roads it is strongly
recommended that detailed surveys be made by a specially constituted team which includes an
Economist an Engineering Geologist and Civil Engineer.

Signed: J. S, Tannor V., R, Haswell A, Smith
London, October 1968
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APPENDIX |

Crop Potentials
Forecast of export crop traffic by district
for evaluation period 1970 — 1990
(Excluding Estates’ Production)

Year
Region District | ~1970- | -197%5 | 1980 | 1985 ~1990-
Metric tons = 2;264¢ 4,

Northers
Chitipa 1,419 2,786 4,245 5,808 7,490
Karonga 4,395 6,324 8,374 10,562 12,907
Nkhata Bay 1,508 3,414 5,448 7,630 9,979
Rumpi 2,546 3,687 4,900 6,194 7,582
Mzimba 5,679 10,976 16,625 22,677 29,189

Central
Ncheu 6,675 10,582 14,740 19,186 23,961
Dedza 9,085 14,545 20,357 24,010 14,049
Lilongwe 48,836 62,103 66,450 49,705 29,449
Salima 6,088 8,239 10,520 12,950 15,551
Dowa 12,819 17,394 22,247 27,418 32,951
Ntchisi 4,781 6,414 8,199 10,101 12,136
Mchinji 8,833 11,275 13,859 16,605 19,535
Kasungu 9,101 11,683 14,416 17,320 20,422
Nkotakota 3,023 4,544 6,162 7,890 9,744

Southern
Chiradzulu -2,448 -6,116 =10,547 -15,851 -22,151
Nsanje 8,558 11,173 13,948 16,899 15,593
Chikwawa 30,951 85,887 41,065 46,520 52,291
Cholo -4,237 ~10,585 ~18,253 -27,430 .—38,332
Mlanje 11,285 7,740 —4,501 ~19,194 -36,688
Blantyre 10,189 16,794 23,827 22,407 10,240
Zomba 9,406 16,016 10,138 175 ~12,470
Kasupe 9,973 15,378 21,129 27,275 33,872
Ft. Johnston 6,488 11,865 17,598 23,738 30,341
Tiral 2oL Aoh 22,0 210,000 37480

Th . h [ T i.'n.'.
¢ forecast is based on a population growth rate of 2.7 per cent per annum and an overall
K increase in crop yields per unit of area, of 1 per cent per annum.
The main expansion therefore arises from the continuation of existing practices of extensive
l agriculture in this relatively land abundant economy, by encroachment upon cultivable lands
at present surplus to the requirements of the population. | - -
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APPENDIX 2
Forecast of population
based on the Malawi Population Census, 1966
assuming a rate of growth of 2.7 per cent per annum

Year
Region/District 1970 1975 . 1980 1985 1990
Thousands
Northern
Chitipa 66.1 75.6 86.3 98.6 112,7
Karonga 87.5 99.9 114.2 130.4 149.0
Nkhata Bay 93.3 106.6 121.8 139,2 159.0
Rumpi 51.9 59.2 67.7 71.3 88.4
Mzimba 255.7 292,2 333.8 381.4 435.7
Total 554.5 633.5 723.8 826.9 944.8
Central ¢
Ncheu 182.6 208.5 238.3 272.2 311.0
Dedza 255.7 292.1 333.8 381.2 435.7
Lilongwe 555.9 635.1 ' 725.6 829.0 947.2
Salima 94.6 108.1 123.5 141.1 161.2
Dowa 201.5 230.2 263.1 300.6 343.4
Ntchisi 74.1 84.7 96.7 110.5 126.2
Mchinji 102.7 117.3 134.1 153.2 175.0
Kasungu 109.2 124.7 142.5 162.8 186.0
Nkotakota 70.0 80.0 91.4 104.4 *119.3
Total 1,646.3 1,880.7 2,149.0 2,455.0 2,805.0
Southern
Chiradzulu 157.8 180.3 206.0 235.4 268.9
Nsanje 112.4 128.5 146.8 167.7 191.6
Chikwawa 175.6 200.6 229.1 261.8 299.1
Chole 273.1 312.0 356.5 407.3 465.3
Mlanje 443.6 506.8 579.0 661.5 755.8
Blantyre 311.3 355.6 406.3 464.2 530.4
Zomba 3138.5 358.2 409.2 467.5 534.1
Kasupe 250,8 286.5 327.3 374.0 427.3
Ft. ' Johnston 257.9 294.6 336.6 364.6 439.4
Total 2,296.0 2,623.1 2,996 8 3,424.0 3911.9
Grand Total 4,496.8 5,137.3 5,869.6 6,705.9 7,661.7

Malawi Population Census 1966 de facto population 4,042,412; revised estimate of rate of growth
in communication of Population Division of the Nationa} Statistics Office of Malawi, dated 13th
December, 1966. Estimates made hy OECD (1967) of population growth rates are 2.2 per cent per
annum for Africa as a whole and 2.4 per cent per annum for Malawi in particular. The rate of growth
used by the Population Divisiun of the National Statistical Office of Malawi in its Provisional
Report {1966) was 3.3 per cent per annum.
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APPENDIX 3

Potential Areas for the expansion of cotton production

Region/Nistrict Nemarks
Northesn
" Karonga Quite a good area for cotton, a high value export crop
compared with rice
Rumpi Growth limited to warmer areas on suitable land.
Central
Ncheu Expansion should be encouraged all along the lakeshore
Dedza Fxpansion should be encouraged all along the lakeshore
Salima High potential for cotton production
Nhotakota Development of present cotton growing area
Southern
Nsanje Scope for expansion is limited as soils become poorer
Chikwawa Still much scope for expansion
Mlanje Expansion should be encouraged in North Mlanje on
the Palombe Plain
Blantyre Particularly west of Lisungwe
Zomba High potential on Palombe Plain; also in area of
Chingali beyond the cement factory
Kasupe High potential in Kasupe west all along the Shire river.

Ft. Johnston

Can greatly expand present cotton production particularly
along the banks of the Shire river.
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APPENDIX 4

Crop potentials
Forecast of export crop traffic in maize equivaients in non-discounted
constant prices

Year
Region/District 1970 1975 1980 1985 1990
Metric Tons
Northern
Chitipa 4,581 11,872 20, 562 30,966 39,900
Karonga 10,629 16,861 21,534 26,950 32,900
Nkhata Bay 2,835 8,855 14,643 21,889 28,700
Numpi 8,910 17,076 24,038 32,981 40,200
Mzimba 17,923 35,319 56, 545 77,737 100, 300
Central
Ncheu 12,729 20, 659 29, 466 39,216 49,000
Dedza 19,874 30,989 46,085 56,770 33,500
Lilongwe 147,934 182, 558 189,870 142, 320 84,000
Salima 18,382 24,575 32,073 33,922 40, 700
Dowa 51,234 62,371 75,834 95,690 114, 800
Ntchisi 18,904 22,646 30,114 34,800 41,800
Mchinji 39,011 45,023 51,631 58,923 69, 500
Kasungu 34,541 42,140 51,371 62,744 74,000
Nkotakota 6,341 9,674 13,792 18,339 22,600
Southern -
Chirad.zulu . . . * .
Nsanje 32,485 42,435 52,638 62,899 57,700
Chikwawa 115, 889 135, 085 . 154,203 173,479 194,300
cholo * * * [ ] *
Mlanje 20,562 14,223 . . .
Blantyre 32,334 53,763 81,571 73,837 34, 000
Zomba 19,025 33,315 19,749 . .
Kasupe 13,978 22,049 30, 456 39,605 49,100
Ft. Johnston 14,065 26,019 39,052 54,168 69, 300
10, 11, & 1145
b41.000 g.qzw.—'ss-/. TR e g/.&‘t/, K
* Delicit area. 2.8% Ot

The proportion of surplus by type of crop from predictions made in Malawi Crop Potentials
1965 - 1985 1
See Appendix 1 for potential export erop traffic.
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APPENDIX 5

Price relatives of potential esport crop traffic

. Year
Region/District 1970 1978 1080 1985
Tons of maize equivalent per ton of traffic
Northern
Chitipa 3.23 4.26 4,84 5.33
Karonga 2,42 2.67 2.57 2.55
Nkhata Bay 1.88 2,59 2.69 2,87
Rumpi 3.50 4.63 4,91 5.32
Mzimba 3.16 3.22 3.10 3.43
Central
Ncheu 1.91 1.95 2,00 2.04
Dedza 2,19 2,13 2.26 2,36
Lilongwe 3.03 2.94 2,86 2.86
Salima 3.02 2.98 3.05 2.2
Dowa 4,00 3.59 3.41 3.49
Ntchisi 4.00 3.53 3.67 3.45
Mchi nji 4.42 3.99 3.73 3.55
Kasungu 3.80 3.61 3.56 3.62
Nkotakota 2.10 2,13 2,24 2,32
Southern
Chiradzulu . * * *
Nsanje 3.80 3.80 3.7 3.72
Chikwawa 3.74 3.76 3.76 3.73
Cholo . . . * *
Mlanje 1.82 1.84 * .
Blantyre 3.17 3.20 3.42 3.29
Zomba 2,02 2,08 1,95 .
Kasupe 1.40 1.43 1.4 1.45
Ft. Johnston 2,17 2.19 2,22 2.28

* Deficit area

The proportion of surplus by type of crop from predictions made in Malawi Crop Potentials
1965--198¢.
See Appendix 1 for potential export crop traffic.
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APPENDIX 6

Estimated traffic flows by surface

(Average Daily Traffic (A.D.T.), 1967)

Average Daily flows by surface

Rood No. of | Total flow
type Census | past CEGM“B All Trucks less | Trucks more
points points vehicles Cars than 3tons than 3 tons
capacity capacity
Bitumen 48 |56 725 1181
surface Cars 31 591 658 (56%)
<3t 14678 305 (26%)
>8t 10 456 ?18 (18%)
Gravel 33 3666 111
surface Cars 1150 35 (32%)
<3t 1207 . 36 (32%)
>3t 1309 40 (36%)
Earth or 163 |11 251 69
unimproved Cars 3 738 23 (33%)
gavel <3t 3958 24 (35%)
>3t 3555 22 (32%)

Source : \linistry of Works and Supplies Traffic Census

APPENDIX 7

Regression Analysis

1+ The factors considered were:

Y1 = Export crop value, maize equivalent, metric tons/hectare cropped Vadwa pnw‘v-u/ Pobdmmrionec
Vlisaas, —— - -

Y2 = Export crop volume, metric tons/hectare cropped

X1 = Km of road/hectare cropped
X2 = Population/sq. km. of cultivable land

%3 = Km of road/1000 hectares of cultivable land

2, Multiple regression analyses results:
() Y1=0.0640 - 001245 X1 ~ 0.00111X2
Regression not significant at 10% level

Coelfficient of multiple regression (R) = 0.39
Standard error (SE) of estimate of Y1 from regression equation = 0.264
(i) Y1 = 0.5876 ~ 0.00012X2 — 0.0719X3
Regression not significant at 10% level.
R = 0.267
SE= 0.277

resso
Poe

el / p-"‘w.gl -—ra o
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(i) Y1 =0.6853 - 0.01243X1 - 0.00110X2 —~ 0.00061X3
Regression not significant at 10% level
It = 0.393
SE = 0,271

(iv) Y2 0.1279 - 0.0001631 X1 + 0.000539X2
Signi ficant at 10%, but not at 5% level
R= 0.604
SE = 0.077

(v) Y2= 0.09210 + 0.0005572X2 + 0.006106X3
Significant at 10%, but not at 5% level
R = 0.59
SE = 0,078

(vi) Y2=0.115 — 0.002466X1 + 0.00036X2 + 0.02025X3
Significant at 10%, but not at 5% level
R = 0.616
SE = 0.079

Eliminating individual regression coefficients which are not significant at the 5% level
leaves only the following equation:

(vii) Y2= 0,1012 + 0.0006010X2
Significant at 1% level !
R = 0.59

SE = 0:076 .
3. Simple regression analysis resulla:L Vabuas, 4 < )

Yl
. +0.362 Y2
-0.207 ~0.370, X1
-0.212 +0.591 ~0.432 X2
-0.266 +0.459 +0.014 +0.729 X3

APPENDIX 8

Summary of estimates of economic (net) and user (grosa) costs of the
‘typical’ truck by road surface

|. Economic cost Earth Gravel Bitumen
P;‘:,‘:ﬁ’) metric tu 5.3 @.1) 3.2 (1.0) 2.2
pence/long ton mile 8.5 (3.4) 5.1 (1.6) 3.5
2. User cost
pence/metric ton 56 - (2.2 3.4 (10s)  2.35
kilometre
pence/long ton mile 9.0 (3,5) 5.5 (1.7 3.8
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Note (a) The difference between 1 (Fconomic cost) and 2 (User cost) is the

taxation element (see paragraph 4)

Note (b) Figures in brackets are the changes in costs due to road surface changes

Note () Overlicads and profit are excluded
3. Basis

(c) The above costs are very closely in alignment with other relevant sources.

(a
Laboratory's recent work on Central and Faast Airica 16 | From this the Southem
Rhodesian operating coss for the ‘typical’ truck were used as a basis and adjusted
80 as to apply to local Malawi conditions. This adjustment is due to:

(i) source of S. Rhodesian ﬁgurcsm states that costs are a minimum and the
requiremont is to use average marginal costs.

(i) Malawi's roads are regarded as inferior overall to S. Nhodesia’s by general
consensus, with consequent operating cost increases™". It was of course

not possible to inspect any roads in S. Rhodesia.
(iii) source of costs (United Transport Ltd) is a large and efficient operator16.
(iv) conversion to costs as at 1st January, 1968 .

(b) “Typical' truck is M.A.R.T.A. (Malawi African Road Transport Association)
operated, with 5 long tons tare weight, 5 long tons payload and a 50 per cent
load factor and with a petrol engine.

10,12,14,

5,16,18,19,20,21 .
! 18,19 when adjusted to local conditions.

4, Malawian taxes

([ 5. Surfa

(a) Hydrocerbons duty:

at 36 per cent of retail price of petrol 0.98d per vehicle mile
at 5 per cent of retail price of engine oil 0.02d .. . o
(b) Depreciation at 5 per cent of purchase price 0.09d .. o .
(c) Maintenance ot 5 per cent of gross cost of materials 0.25d . . .
(d) Tyres at 5 per cent of retail price 0124 .. . o
Total taxation 146d & .
ce factors
The change in operating costs due solely to surface changes
Bitumen 1.00

Bitumen to gravel 1.45
Gravel to earth  1.65
Bitumen 2.40

Sources}5116:19

t was felt that the most relevant original source on this aspect is the Road Research
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APPENDIX 9

L]
Accidents and Casualties - 1967

ACCIDENTS BY ROAD SURFACE CASUALTIES - killed and Injured
BITUMINOUS GRAVEL AND EARTH TOTALS
GRAVEL, PHICENT
MA o > >
€leln aloflafe|z]ulzials% % algle &R AND cveLs t z) 812 |8 HEAA L 3
montit| 2 |18 < b1 ﬁ S ulo|w | BIT ALL {CENT < [ § 519 |m o TOTAL
-‘.E§:‘§-§.23=8§n£u§<§§3<=ozn Fam Gl eamn | L EIZIE I (21228828
Fatal s| «] s} s| s| «] o] 6] 9] of 1] 7] 7| o] sy 7] 7} o] 11} |0} 7| 3] 7 62 LH 137] «s ss 13] o) 14| 16] 12] 8] 1] o] 20} 12| S| 14| 148
Sericas | 11] 10] 14] 16] 18] o) o] 1} 20] 9| 9] ] 13| 9| 11| 10}18] 14] 20] 28] 18] 20] 18} 17| 147 170 3746 5] 538 36| 24| 34§ 33] so| 30] 32| ao] st] 23] | @] 428
stight | 22| 28| 31| 39} 28] 40| @1} 34| aa] 24} 32] 31| 21| 18] 19| 20 23] 30 29] 46 @] 25) 21} $3] 3 308 696 5s 4s 73] 62} 71| 80| 73] 81| 97f1n1}139] es|r67] 72| 1 092
""';‘,""' 26| 40| 47] 45] a¢] 47| 64| 49] 63] 42| 39] 50| 29] 40f 40] 43 |1} 51 sa] s5| s4] 67} s6] 46] s76] 576 |1 132]50 s0 N O R O O O O O
Totat | 64 82}100]108| 92100 110{100|236] 79]101} 99] 70| 71| 75| &1 | 87| 99lt14|122|120 109 95] &3 |1 176} 1 126 |2 s02]% 49 122 | 9s{ni9frzefi3s frr9fres|161]210t01 {203 }127] 1 66s

Fatal, Serioue and Slight Accidents Source

Menthly Accident returns
of the Malawi Police 1967

Bitumiaous roads 600 = 52 per cent
Earth and gravel ros”s S350 « 40 per cent

Totsl i 150



APPENDIX 10

A compacison of accident rates betwcen Malawi and Kenya

Total No. of No. of accidents Total annual Accidents per 10% vehicle miles
Country . . Vehicles . Fatal | Serious | Slight Vehicle mileage Fatal | Serious | Slight Total
(including Government vehicles) 106 miles
Malawi : .
(1967 15,000 137 317 696 218 0.6 1.5 3.2 5.3
Kenya
(1965) 95,000 429 816 1665 1140 0.4* 0.8 15 2.7

£S

* Compare with U.K., 0.11 fatal accidents per 106 vehicle miles
Sources .
Malawi: Accident Returns of the Malawi Police, Zomba
Annual Report of the Noad Traffic Cormissioner,”” Blantyre

Kenya: Analysis of Road Accidents in Kenya,
Ministry of Works, Nairobi



APPENDIX 11(a)
The Derivation of Internal Rates of Return, Net Present Values
and Cost : Benefit Natios

1. Assumptions (o) evaluation period 20 years
(b residual value = zero, where applicable
(¢) discount rate = 12 per cent, where applicable

2, Renefits (a) change in vehicle operating costs, including time savings V)
' (b) accidents saviags (F)
(¢) change in maintenance economic costs (D

{d) induced agricultural production (A)

(¢) multiplier (P

3. Costs (a) construction economic cost )
(b land economic cost (L)

Suffix | indicates with the proposed scheme
Suffix oindicates without the proposed scheme

4. Internal Nate of Neturn (IRN) . .

LR = {.'P((zvi ~3V)4 (SF, - SF )+ SA, - (SM, - zmo))} 100%
Cc+L) whereP = 1,5

IFIRN is 12 per cent or greater then the scheme may be considered as economically justifiable
T{INR is under 12 per cent the scheme is economically unjustifiable

Note Values are summated only and not discounted

* 5. Net Present Value (NPV)
) - 0
NPV = S?l xP {(.‘:Vi =3V )+ (SF, - SF )+ 3A, — (M, = 3N ﬂ - .%.d[zc + L}
1 [ i (] i i (] 1

where d = discount rate = 12 per cent {(or for 20 years x 7.47)

P= 1.5 -
If N.P.V, is positive, project is economically justifiable; if N.P.V. is negative, it is not

6. Cost Benefit Natio (C.B.R.)
§0 E%
CBR=2d¢{2C+L }:2dP zvl-zv)+GE—2F)+2A.+(2M.-ZM)
1 1 o i o i i o

where P« 1.5
If C.B.R. is 51 (e.g. 1:2) project is economically justifiable, if C.B.R, is <1 it is not

APPENDIX 11(b)
Recommended Project Data and Appraisal Form
1. Location a - road name
b = Region and District
¢ — route number
d — map number
e — length
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2.

3.
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The Feeder Road System of Malawl -
A Study of Present and Future Needs

ERRATA

Substitute the attached revised Appendix II(a) for the original which
appears on page 54 of the Report.

Page 8, para. 4, line 4, read "700 1b per acre" instead of "1700 1b
per acre',

Page 9, last para., line 6 for ",.., transport availeble to the farmer.
farmers have only ...." read "transport available to the farmer,
farmers have only «seo¥.

Page 13, line 7 of top para., for "Malawi at its foresent stage of seoM
read Mldalawi at its present stage of ...efte

Page 29, line 5 of top para., for WSWift" read PSwiftd,

hbﬁaﬂ. 1969



APPENDIX 1i(a)”

The Derivution of Interna] Rates of Retwn, Net Present Values and Cost: Beaefit Ratios.

Lo Awwuiptionn 1) evntuntion feriod « 20 years
(b) residual valuc = zero, where applicable !
(2) discount rate = 12 per cent, where applicable J
!

'

2, Benefits {a) total vehicle operating costs, including time savings (V)

] (b) total accident savings " |

! (c) total maintenance economic costs ) H

't (d) induced agricultural production GV

i (e) multiplier (P |
! '

P

l'3. Costs (a)_ construction economic cost o !

(b) land economic cost (L

! i

Suffix 1 indicates with the proposed scheme !

Suffix 0 indicates without the proposed scheme l ;

| !

' ]

» Internal Rate of Return (IRR) .-
P(’ZVoi - SV1i)+ (¥Foi ~ FFL) + AL+ (fMoi - %Mli)

%(Ci + Li)

LR.R. = x 100%"

R Rt G

where P= 1.5

I LR.R. is 12 per cent or greater, the scheme is economically justifiable, if I,R.R, is less
112 per cent it is not,

:Note_ Values are summated only and not discounted. |
5. Net Present Value (NPV)

. N 1 \n '
] NP.V. = ? (m) x [P[(Voi « V1) + (Foi ~ F1i) + Ai + (Moi — Mli)} - (Ci+ Li)]i i

where d = discount rate = 12 per cent
Puls5

l:[l_‘l_.!’.*\_/_.._i_s_poaiﬁve_, project is economically justifiable, if N.P.V. is negative, it is not.
6. "Cost Benefit Ratio (C.B.1.)

—~ / 1\ . L PR N
C.B.R. -$. N+ d) [E(Ci + Li)] . ?_ 1<_1 " d) EVOI = V1i) + (Foi = F1i) + Af __
_ + (Mol — M13)

i
|
|
(
|
|
}
=

!

'

where P= 1.5 !

S |
‘1 C.B.R. is greater than 1.0, the project is economically justifiable,if C.BR, is leas than 1.0, it is not.

' APPENDIX | 1(b) i
Recommended Project Data and Appraisal Form !

' |

!

|
|
,1. Location & = road name ) |
b ~ Region and District N
lu * =¢ evtmewng o toule number © e e o e o e e —_——.
d ~ map number N , .
¢ — length -

L.
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(%

3. DNescription
of work

4. Construction
costs

5. Maintenance

costs

6. Benefits

a
ot

7. Economic
assumptions

8. Result

9. Execution

1%

. Classification a ~ present status

b - propnsed status

a — features

b - type

¢ = topography

d ~ geology

a - total costs, financial and economic

b — cost per mile/kilometre, financial and economic

¢ ~— economic land costs

d — basis of cost estimates

a ~ annual maintenance costs, financial and economic
b —change in malntenance costs, financial and economic
¢ — total (dxst.!aunfed) costs

a - existing export crop traffic — metric tons per annum
b ~ new and generated export crop traffic, with and wnhout road investment —
" metric tons per annum

¢ - non input export crop traffic metric tons per annum
d ~ existing traffic benefits — £

e — new traffic benefits - £

f ~ generated tsaffic benefits ~ £

g — roads proportion of joint benefits of induced net agricultural production - £
b - total (duc&hnted) benefits —

a — evaluation period 2o .{a .

b - residual values °

¢ = multiplier vy

a — Internal Nate of return (INR) per cent

b — Net Present Value  (NPV) £

¢ ~ Cost Benefit Ratio  (CBR)1:X

a — type of contract

b ~ preparation time

¢ - phasing

d — completion

Gt Gof

'rt- Yok €SP q'\‘o.

N At T'L"?d:s.a.m -v‘LD'S"pulg.\L
%f“vﬁj ‘F‘ 'L“',\?N P-ﬂ\ﬂ

arm'l

55



95

7a9.22 Pl .-

- . — — . - o . ‘ 8
APPENDIX 12 SrqMy sl
/
Change in Nenefits to Existing Traffic - Excluding Change in Maintenance Costs P 2
Rond  Mileage C lue i Change in benefits (including Di d change in |Di ed Change in
Region District District all rop volue ml 1a| Crop value] Export crop traffic | multiplier) for a surface , |Non-Discounted Change | benefits for 20 years |benefits per kilometre
egton Distrie Roads Roads |™%!%C Cquivalen change from earth to gravel |in benefita for 20 years | at 12 per cent of district road trip
BA, . cv length "
Km Km Metric tons [/ Metric tons per year “;‘_o‘;:j . £ . [ f:lfa\’) £ Ntf-‘g :‘*‘H"
. at 6’(’ —'-w Svet L-'7'
Mzimba 355 1072 14,258 165,393 3110 586 fikwscsa 11,720 4,377 A 65 3w
€ INumpi 162 437 6,162 470, 2073 319 6,380 2,383 199 75
£ |Nkata Bay 53 19 896 10,304 565 87 1,740 650 s+ w7
2 [Karonga 72 954 5,664 65,702 2,229 . 343 6,850 2,52 21 188
Chitipe 133 294 2,087 24,209 254 39 780 291 21 Al
. Total 715 2256 29,067 337177 8,931 1374 27,430 10,263 A3 753
Nchen 348 543 9,720 112,752 5.424 /134 16,680 6,230 319 use
Dedza 419 619 10,773 124,967 4,714 725 14,500 5,416 451 L34
Lilongtve 110 691 138,684 1,608,734 42,446 6530 130,600 48,779 AN 4065 35%0
'g Salima 137 258 10,773 124,503 2,383 367 7,340 2,741 228 a2sl
S [Dowa 282 S35 55,905 68,500 11,701 1914 36,280 13,551 - neut 1129 A
©  INtchisi 193 2198 12,499 144,908 2,880 414 8,880 3,317 6 243
\lchinji 171 356 24,742 237,007 5.301 Al6 16,320 6,096 39 443
Kasungs 421 615 23,490 272,484 5,761 286 17,720 6,618 552 4.8¢
Nkotakota 153 258 3,609 42,792 1,463 225 4,500 1,681 "140 123
Total 2564 4252 200,235 3,366,727 A2,172 12641 252,820 94,429 TR68 c?ZLf
Chiradzulu 34 116 4,593 53,086 4,583 708 14,100 5,266 439 326
Nsanje 124 269 5,784 67,094 6,183 951 19,020 7.104 592
Chikwawa 225 376 21,543 250,351 21,968 3380 67,600 25,249 - 2104 1352
g |[Cholo 98* 241 - - 17,436 2682 53,640 20,035 -+ « 1670 1470
-5 \llanje 153 354 18,691 216,816 10,772 1657 33,140 12,378 g 1032 908
:§ Blantyre 293 491 32,700 379,320 8,233 1267 25,340 9,164 8% (,oo
Zomba 151 105 16,378 189,985 175 b4 540 202 17 5
Kasupe 154 361 33,537 389,029 8,484 1305 26,100 9,748 812 215
Ft. Johnston { 414 664 12,483 144,803 4,643 714 14,280 5,334 45 392
Total 1646 77 145,738 1,690,484 90,667 12688 253,760 94,780 7000 "5’ bR

277'm
1817170
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APPENDIX 13

The Treatment of Ta.xation in Highway Investment
Assessments

Paper by the Economic Planning Directorate,
Ministry of Transport.

.1. INTRODUCTION

I.l This paper gives guidante on the treatment of road vehicle taxation and deals with hydro-cer-
bons tax (on fuel and lubricating oil), purchase tax (on cars), licence duty, Road Goods Licence
foes, and any Road Haulage Charges as ariginally proposed in the Transport Bill, 1968,

1.2 In determining how taxation should be treated in cost/benefit analyses of road improvement
schemes, it is necessary initially to decide whether increases and decr in revenue to the
central government, which arise from road improvements, should be classed as gains and losses

respectively to the nation.
2. TAXATION AND RESOURCES

2.1 Any increase in the amount of tax collected by the central government does not produce any
increase in the usnge of resources within the community, it only represents the transfer, from one
group of individuals to another, of the power to consume the nation's resources.

2.2 Although an unplanned change in the amount of road vehicle tax collected, because of increased
teaffic following a road improvement, will neccssarily lead to some change in the distribution of the
tax burden within the community as well as a change in the total amount, the central government can
readily adjust the tax structure so as to achieve the original distribution of the tax burden and the

original amount of revenue.

2.3 Therefore increases or decreases in revenue because of road improvements will be regarded as

‘neutral’ or neutralised by complete absorbtion into fiscal policy as a whole, Canot wa Pad,
be recedded ob

3. DEFINITIONS weiir et (betes ger
$* peal C)l..'. -y |d.‘.7

It is necessary to define the different Linds of costs referred to in this paper.

3.1 ‘User's Cost" ,

This is the actual total cost of a journcy to the average user of a vehicle and will include all
taxation costs, standing and running costc of the vehicle, and the time of the occupants. It is this
level of costs which, when combined with a demand curve, given the number of road journeys.
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3.2 “User’s Cost less Tax"

This refers to the total user’s cost all taxes referred to in Para. 1.1.
3.3 **Costs to the nation’

In Highway Investment cost/benefit analysis the net benefit we are assessing is the excess of
benefit over the costs to the natiop. In this paper ““Costs to the nation’ are the sum of user’s costs,
public costs and community costs as defined in Ministry of Transport Report Road Track Costs and
are a measure of the resources used, bearing in mind that those factors usually classed as amenities,
¢.g. lack of noise, are important resources. However, because the revenue collected 15 not a measure
of resources which have been used, tax collected must be excluded from the *’costs to the nation”.

3.4 The “user’s cost less tax” will naturally be less than the “‘user’s cost depending on the
relative amounts of taxation on the one hand, and public and community costs on the other.

4. DIAGRAMMATIC REPRESENTATION OF TAXATION COSTS

4.] The relationship between operating costs, the number of journeys, tax revenue and benefit to
the nation are shown diagrammatically below, Two sets of cost curves are shown (each including
a “'user's cost” curve and a “‘user's cost less tax"" curve) representing costs without and with a

road improvement.

-

A : Users cost
m;:";"'f” With%ut
. roa
¢ mack l{::;st::ﬂ improvement
7
B Ve
L // Users cost
e M / -~ s Users cost | Yith road
. K ’w - / less tax improve.
‘é c / ment
LI 7 NA 4 7
¥ S D
o ~ 10 ‘rkfi-d ec oveo.
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O emisk drefne
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4.2 1t will be noticed that the diagram shows a larger tax element included in *’User’s Costs’
without the improvement scheme than with the scheme in operation (tax BV is larger than tax NG).
This is because fuel consumption per mile (and hence fuel tax per mile) will normally be less with
the road improved.

43 The line AP is the demand curve which is a measure of the benefit from the journey to the user.
The number of journeys is measured along the axis OX, so that the total area under the curve AP and
to the left of the ordinate F is a measure of the total benefit from F journeys.

44 When the number of road journeys is OF the *‘user's cost” is OL and tax revenue is LBVIK.
With the improvement, the number of journeys increases by the amount of journeys generated (FE)
to E, because *‘user's cost” has fallen to OJ. Tax revenue is JCDI.

4.5 There is then a loss of revenue from existing traffic measured by the difference between
LBVIK and JNGH and a gain in revenue from generated traffic amounting to NCDG. Whether there is
a net gain or loss of revenue depends on the exact costs and number of journeys.

5. MEASUREMENT OF BENEFITS

5.1 It has already been mentioned that, although we do not know the exact position of *‘costs to
the nation” curve, it will not be below the ‘‘user cost less tax'’ curve. Since our knowledge is not*
sufficiently advanced for public and community costs to be quantified, particularly in relation to
any one highway improvement, it will be assumed for the purposes of iliustration that the “user's
cost less tax'’ and ‘‘costs to the nation®’ curves will be thc same.

5.2 Referring to the diagram ~

Tithout the road improvement the user’s and national benefit is ABFO
(the benefit to the nation is assumed to equal the sum of user’s benefits)

Tax collected (transfer of resources from the user to the nation) is LBWK
The “costs to the nation” (resources used) are KMFO
The surplus to the nation (ABFO-KVFO) 15 ABMK
With the improvement and extra journeys genernted the position is similar -

With the road improvement the users’ and national benefit is ACEOQ
Tax collected is JCDH
The costs to the nation are HDEO
and the surplus to the nation (ACEO-HDEQ) is ACDH

5.3 Therefore the increase in surplus to the nation (net benefit) is the difference between ABMK
and ACDH which is KMBCDH.

This area is made of - KMGH accruing to existing traffic (including
diverted traffice) and BCDG from generated journeys.
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5.4 1t should ne noted thnt the former arca (KM can be obtained in two ways -

(1) By multiplying the difference between the two **User’s cost less tax' curves by
the existing number of journeys, OF, Therefore the change in benefit to existing
traffic is based on *‘user's costs” net of all taxes, KW x OF

or, (2) exactly the same result can be obtained by using **User’s costs” (including tax)
with and without the rond improvement, provided any reduction in tax receipts is
calcuinted and the sum deducted from the change in net benefit to the nation.

(RMGI = LBNJ - (LPMK - INGH))

5.5 The latter area (RCDG) includes the aren of tax, NCDG, and the approximate triangle BCN.
The area of the triangle is obtained by multiplying the difference hetween the two *“User's Cost"
curves (BN) by the volume of generated traffic (NC) and, of course, dividing by 2. Therefore the
net benefit derived by each unit of generated traffic can be assessed at approximately half the net
benefit to each unit of existing trnffic when the costs to existing traffic include tax (BN); in
addition, the generated journcys give risc to a benefit equal to the value of the tax (NCDG) paid
in running those journeys.

5.6 The method described above for measuring the benefit to the nation arising from generated
journeys follows the second suggestion for obtaining the change in benefit on existing traffic
(Para. 5.4(2)). Whichever systcm is adopted, it will still be necessary to calculate user's costs
with and without fuel tax.

5.7 Dt is perhaps worth stressing that the inclusion of fuel duty paid by generated traffic in the
tota] benefits to the nation has nothing to do with its status as a tax, The tax is included because
it is merely a measure of an important part of the gross benefit of the jouraey to generated traffic.

In the absence of the tax the net benefit to generated traffic would be BCDG but the Government
imposes a tax of CDGM, transfers the power to consume a corresponding amount of resources to
others and leaves a net benefit of BCN for the generated traffic. Each unit of generated traffic must
receive tn benefit (Vlarginally) more than its costs including the amount transferred to the nation in

taxation.

6. CONCLUSIONS

6.1 Taxation on existing traffic

It has been argued in para. 2 that increases or decreases in the revenne collected do not
increase the total benefit to the nation because the tncidence of taxation does not represent the
usage of real resources. There may however be a small change in national welfare because of a
change in the distribution of the tax burden, but it would be extremely difficult, if not impossible,
to determine the extent of any gains or losses arising from this redistribution and it is suggested
that any effects from any one road improvement scheme would in fact be very small and should
therefore be neglected. Therefore decreases in tax receipts from existing traffic are not losses,
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and increases In tax rocelpts are not gains to the nation.
6.2 Taxation on generated traffic

In para. 5.3 reference is made to the need to include taxation in operating costs when asses-
sing the net value of generated journeys. This apparently inconsistent action is necessary because
of the need to value such journeys to the nation as the difference between the users’ total benefit
and the nation’s costs, whereas for existing traffic the valuation is based on the difference between
benefit to the nation and *costs to the nation' without and with the improvement (national benefit
is assumed to equal the sum of the users’ benefit).

6.3 'The principles affecting the method of evaluating generated traffic are similar to those which
result in taxation being included in costs when assigning traffic - it is the benefit of the journey to

. the user which determines whether the trip is, or is not, made.

6.4 Therefore taxation should be included in the existing traffic costs which are used in the
evaluation of benefits to generated traffic. In addition, the tax paid in running generated journeys
is an extra measure of the benefit derived from those journeys which is not offset by costs to the

nation,

6.5 But, because It is not possible ‘at the moment to estimate satisfactoriiy whether a fall in
“yger's costs” will result in an increase in the number of vehicles on the roads (and hence in tax
receipts from licence duty and purchase tax), as well as in an increase in the mileage run, only

tax on fuel sbould be included in the existing traffic costs and generated traffic can only be assumed
1o be the same, with and without the improvement, for all categories of vehicle tax except fuel tax,
no all taxes otber than fuel tax can be ignored in the evaluation.

7. ~ECOMMENDATIONS APPLICABLE TO URBAN AND INTER-URBAN HIGHWAY
COST/BENEFIT ANALYSES

The procedure to be followed for the treatment of vebicle taxation is -

1.  For existing (including diverted) traffic, when assessing the change in net benefits, two
methods giving identical results are available. Either:-

(a) operating costs should exclude all taxation, or

(b) operating costs should includc fuel tax only, but if total fuel tax receipts fall (as &
result of a road improvement) the amount by which tax receipts have fallen should be
deducted from net benefits (and any rise in tax receipts should result in a sum being
sdded to net benefits). )

6l
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y)

. For generated journeys, the net benefit to each unit of traffic should be valued at half the
change in net benefits to each unit of existing traffic on a similar journey, when existing traffic
operating costs include fuel tax but exclude all other taxes. In addition, the value of fuel tax paid

by traffic on gencraled journeys must be added to obtain the national net benefit from generated
journeys,



APPENDIX 14

Population and vehicl e ownership in Malawi and selected African countries

Population Peassenger cars Commercial vehicles Population per Populeation per
Country 000’s 000's 000's passenger car commercial vehicle
1957 | 1960 | 1967 1957 {1960 {1965 1957 | 1960 | 1965 1957 {1960 1965 [1957 }1960 {1965
Malawi 3250 | 3490 | 3940 4.4 6.4] 6.4 3.8 5.3 1.6 738.6 1545.3 | 615.7 | 855.3|658.5 |856.5
Kenya 7432 | 8115 | 9365 49.6 | 64.6 |173.0 10.9] 13.1 ] 11.0 149.8 [125.6 |128.2 |681.8{619.5 i851.4
Zambia 2060 | 3210 | 3710 27.2 | 32.7]43.7 11.2] 10.8 | 11.4 108.8]98.2 | 84.9 | 264.3]297.2 |325.4
Ghana 6250 | 6777 | 7740 14.5 | 20.7 ] 30.0 15.6 | 17.7 | 19.5 400.6]327.4 | 258.0 | 400.6382.9 }396.9
Portugal- 6285 | 6537 | 695 | 23.6 | 30.0| ~ | 71| s8] -~ | 26.3|211.6] - |[sss.2|u127.1] -
Mozembique

£9



APPENDIX IS

Net present values (N..\.) for feeder road upgrading existing traffic only

Region District Discounted changes | Discounted costs per | Net present
in benefits per kilometre of district value
Lilometre of average road ¢ . | (Col8b=
touring on district o % Col 4)
road
{3a~£25)
£ £ ¥ £
mn (2) (3a) (3h) 4 (5)
Mzimba 365 + 340 2650 3z - 2310~3/so
Rumpi 19 | + 174 " - 2476-320 O
Northem Nkata Bay 54 + 2 " ~ 2621- 325
Karonga 214 + 189 . - 20613280
Chitipa 24 - 1 “ - 2651“3»,'!\( o
Ncheu 519 + 494 2650 - 2156 30 /5
Dedza 451 + 426 - - 222473,000
Lilongwe 4065 + 4040 o + 1390+ 108
Salima 228 + 203 o -2447 -32)e
Central Dowa 1129 + 1104 “ ~1545 -ulo
Ntchisi 276 + 251 - -2399 - §230
Mchinji 508 + 48% . -2167 ‘3;;:
. ]
ﬁa::r;gqu' - 552 + 527 - -2123 2336
Chiradzulu 439 + 414 2650 ~2236 3350 304°
Nsanje 592 | + 567 - -2083 - 3GA02950
Chikwawa 2104 + 2079 o -~ 571 - 2GyJ0o
Cholo 1670 | + 1645 - 1005 ~!f20 2™
Southern Mlanje 1032 + 1007 " ~1643 -32¥tm 1560
Blantyre 789 + 764 " -1886 - 2?6 137
Zomba 801 + 776 w ~1874 - 2o 3k bo
Kasupe 812 + 787 " -1863 - 37r0
Ft. Johnston | 445 + 420 . -2230 —do€
Sources: Column8  Appendix 12 and change in maintenance costs (Appendix 19 and
para 2.5)
Column 3a  excluding change in maintenance costs
Column3b  including change in maintenance costs
Column 4  Appendix 19
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APPENDIX 16

Fsstimate of annual freight hauled (exportable product) from farm

to buying point (a)

(based on sales of 1067—7 crop through F.M.B., Malawi)

T Annual freight hauled metric ton
Region/district kilometres per kilometre of road
Northern
Chitipa 10
Karonga (b) 105
Nkhata Bay 34
Rumpi 58
Mzimba 43
Central
Ncheu 29
Dedza 43
Lilongwe 691
Salima 111
Dowa 263
Ntchisi 120
Mchinji 179
Kasungu 103
Nkota Kota 68
Southern
Chiradzulu 474
Nsanje 284
Chikwawa 704
Chold 869
Mlanje 381
. Blantyre 201
' Zomba 330
Kasupe 281
Ft. Johnston 83

Notes: (a) Assuming a maximum journe) of 24 kilometres and an average journey of 12 kilometres
(b) Of which approximately two-thirds is paddy carried in barges on Lake Malawi
(c) The basis for the above figures of metric ton kilometres per kilometre is as follows:

for example, Mchinji: the present export crop extraction traffic,

including surplus

maize (5301 metric tons) is divided by the total area cultivated (26,282 hectares) to

give the average product exported per hectare cultivated (0.2017 metric tons per hectare).
This in turn is multiplied by the hectares cultivated per kilometre of road (74 hectares)
to give the volume per kilometre of road (14.93 metric tons per kilometre); the latter is
multiplied by the average distance hauled (12 kilometres) to result in the above estimate

(179 metric ton kilometres per kilometre of road).
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APPENDEX I7(a)

fenellis accruing on a (venent Valee ltaole {that is. aw ot Tot Sanmanry 1968)

> 8+49.7 TARRPY ST
YRAR 1970 (0 3) ”[ -15 ke ‘s
+7= J ID(‘-
‘ =S 1. - 7 m's’“..l (6+g)7a i
] 2 3 4 s LR 7 ] 9 10 " 12 1" 14 13 16 1”7 13
Reglon/District | Kilometres] Crop Value | Crop Value | Total r.-l-uil New and New and New aad Mom-fuput taistiog | Generated|  Tetal Totad Change in Roads Roads Total
of ln maise bt Export/ | Esport | Geaerated | Ceneratea Generated Export ~od Aew Teatlic n n Mak Portica Portlon Benaflits
tval | tmport Crop Faportf Faport bxport Crop Traltic Nenelite | aa P.Y | per ke Costs per of joiat of Jwe | per kilometre
\ Reads to Ceop Teatlle Twvport Crop Ceop Cenerated Nenclits aiy Dasis of Lmen P V. Benufits Danelite of average
Srrrem Traific Crop Tralfic Traffic Traffic at 2.0 Pence pev average | Basls of net per bm of | jJouwraey on
Vakwes 4o, e | Teame wilhout wlth pence per | metric tea Journey Vatue ot | a Nisteict road
I ' 2 leeder feeder mwetric ton | Lilometre ' on Induced Journey enl on P V. Basls
Al Jlaple road road S ilenectre . Shates agricultural| district | (or gravel (LI
iavesiment | lavestment - = road pr:dull- road more for earth)
on P.V.
! 72
Basls A
N { -9s
4
Xm Metstc z Metrte | Metrie | Metric Metric Metric Metric w w40, q
tome toms tons tons tons tonn tens el epb] —
[ 2ld
- per per per per per per .
ansum | ansum ansum ansum ameum Aneer £ 1 3 £ £ 4 1 3 4
MORTUHIRN (3] ) AP
CHITIPA 13 4 58 37 129 1 419 54 1168 291 [ L] 2[9 35 26 (2] 106 9 25 .12 4 822 383 L
KARONGA 72 10 629 87 S40 4| 22 z 166 s t 623 t 218 3 184 ney 928 " - - 9 201 T 20
KKHATA BAY 13 203 23 34 1 508 368 943 236 107 $30 125 52 12s 10 - - 337 299 284
RUAMPM 12 3 N 73 ) 2346 207 471 (1] ] 358 265 R3] 26 263 k-4 - - S o7 424 42)
MZIMDA 358 17 1y 147 614 3 4791 3 M0 1 889 40 1 402 1051 2 103 550 L3 - - & 792 £1¢3 387
TOTAL s 44 878 369 618 19 547 s 6 6016 1 54 4 %) 3 ey 2 412 364 1 %Y 165
EANTRAL
NCIEY s 12 7129 104 836 6415 | 5 aq 1251 n3 938 704 82 ) 15 36 - - S s7¢
DEDZA 449 19 814 163 &32 9 o8% 474 4 m 1 093 3 e z 456 292 248 sto (2] - - 16 865
LILOKNGWE 410 147 94 1 218 384 48 836 | 42 448 & 3% 1593 479 3 S 6 776 50 S obo | 422 - - 17 191
SALIVA 13 18 Ja2 151 394 éo8s ] 2z 3 708 . 976 217 2 o84 sis 203 $12 43 d - 14 174
DOwWA 2 31 234 411 %96) 1zaty {11 ™| 1 028 237 mn 5718 t 834 36 1356 |13 - - [ ]
ATCINST 19 18 Y4 155 693 4 z Y $ sz 461 1382 3 03 16 101 438 ” - - 11 869
ACIHINSL m 3 on 21 298 3833 ] 5300 33 118 2 207 1 655 1 020 16 (3] 1 - ." 6 a2
KASLNGU an M4 284 480 910t S 160 3 30 815 2 303 1879 1014 183 830 n - - 20 479
AKOTAKOTA 133 [ I}] ST 224 3 oz3 1 463 1 360 v 1170 27 ] [ (2] 193 ’ - - 4 %N a0 !
TOTAL 2 %6e 348 930 2 873 951 109 191 |2 172 ar o1y T 09 19 823 14 634 13 433 1 as7 10 4¢3 | sy
SOUTHERN - . i
CIIRADZULY 3 ] -0 -2 440 4 383 -2 448 sé2 19 14 m 138 o 3 - - L] o i 30
NSAMIE 124 3z 48 267 546 83331 61 2 310 393 t 778 13 t os2 1% [} ] &9 - - 49 480 4123 4187
CHIKWAWA s 113 sy 954 462 30 951 j21 %o B 94 T 242 ¢ 128 3 04) 3723 4 ER ] 249 - - 174 760 14 383 16 787
CHO1 O hiad L] -0 -4 237 [17 436 -4 237 & o359 31 23 2 209 amn 2230 186 - - LJ [ ] i
MLAIDE 153 20 sé2 169 349 1208 |10 772 1) 128 38 m 167 b2 12m 101 - - R 289 343
BI ANTYRE 93 32 334 266 303 o109 | 8223 b 9%6 492 1 47% 1 106 1348 108 1 0% 86 - - LJ ° [}
20MBA 151 19 023 156 690 9 406 | & 38 1 061 260 T8 86 1329 57 9 ] - - S oss @2 479
KASUPE 154 13 978 1 197 99731 8 434 1 439 3 'y 838 ? 32 sz t 024 ] - et [ ] o
« JOIHNSTON 414 14 063 1% )9 6488 | 4602 1 288 p 1) ate (] 763 [} ] S8 49 - - 2 %2 244 268
TOTAL 1 646 248 338 T 043 386 93 330 | vo &7 24 313 & o2y 16 a2 13 &9 14 %0 1 330 1" sst w2
51t VX G 5y 3¢aken
© Prisate tes estates predominanily vn\'sco’-.-'t‘ . '? . f)

*¢ Negative eign indicates a reversal lndlutlﬁh"o’hm Now
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APPFNDIX 17(4}

Nenclits accruing on & present value Lasin {that (o, ne at ot January 1968}

. YEAR 1973
] 2 3 4 s [ T L . 10 " 112 13 14 1 14 17 18
Reglem/Dintrict Kilometres| Total Existing | New and New and New and Non-input Existing Generated Total Tolal Change In Roads Roads Toral
ol Fxport] Export | Generatcd | Generated Generated Faport and New Traflic Nenefita] Benefits] Malntenance Portlon Fortion Beasfits
Distetct equivalent | discounted tmport Crop Export/ Export Faport Crop Tealfic Nenefite on P V] perXm Costs per of Joint of Jolmt per kilometye
Roads to Crop Teatlle Import Craop Crop Generated] Nenctits il of tmonP V Bened f 8
fresent Traffie Crop Teallic Tratfic Teallic a2 pence per of net t kmof } journey om
pr
Valars Teatfic without with prace per | metric ton walue of average Disteict road
feeder feeder metric toa | hilometre tndaced journey on| on PP V Basis
-k P road rosd tllometre District agricuttural] district for gravel(fl}
64 fnvestment javestiment road production road more for earth)
= 8.&1 P V
z 3. ’7 Basle
. hry [ adid
K Metric 3 Metric Metric | Metric Metric Metric Mutric
tons toas toas tone tone tons tons = L]
vl
per per per per por per
annum annum | annmmn anmem anmum annum 2 1 1 4 L 1 ¢ [ 4 [ 8
NORTHERN N (ST )
A o
CHITIPA 133 1 n2 ssoas| 2reef’ 234 TN 33 3 13? 274 12 £ 4] 145 -1 -12 10 213 [ 1] (1]
KARONGA 12 16 881 ™" 238 & 324 2229 409 1 024 3on 2 03 S0y 228 293 ot d 11 48 m ”
NKHATA BAY 3 » 8ss 41 o8? 3 44 563 2 849 " 219 1 603 1 156 142 - - s M 49 (2]
RUMPY 182 17 o1é 7% 233 3 687 2 013 1 614 404 121 08 e " LE.) - et 1n I L1 ] c
l‘.l-l!ll-ll!h 183 33 3y 163 880} 10 176 3 0o T 166 17192 3 35 4 03 0©? I 498 - - 8 " 1032 1 848
TOTAL 178 89 M) a7 21§ 21 w7 M 18 236 43868 ‘74 939 " e 103 3 0% 1 2%
CENTRAL .
NCHEU 30 20 639 9% 8S8 | 10 582 9 424 s 158 3 3 969 2 %0t 1032 28 326 " - - 11 420 "2 m
DEDZA 449 30 W 143 139] 14 345 4 714 9 83t 2 T N3 s 531 1100 339 37 ss - - 1 159 1 709
3 LILONGWE 10 1Y 558 847 059} 62 103 | 42 446 19 57 4 14 743 11 073 T 206 1 080 3 346 217 - - 3 n 4 o1t
SALIMA 137 24 913 114 028 s 23y 2 383 S 8sé 1 4210 3158 28 308 374 n - - T 223 1229
DOWA 282 &2 1! 209 a0t ] 17 394 | VT TV $ 603 1 4 202 3152 2 030 307 73 7 - - 363 815
NTCHISI 193 22 646 108 077 6 414 T 889 3 528 2 644 1983 9 193 no 26 - - 64 "es
€ MCHINS m 4% 023 209 207 | 13 275 s 301 3 914 1 449 33 1 046 3 432 3% - - 1768 1776
€ RASUNGU 421 42 149 195 $30 | 11 693 S 761 5 922 1 , w2 3 M 114 7 $T6 43 - - 1623 [ 11
W' OTAKCTA 13 9 474 43 481 4 544 1 463 3 omt z 31l 1733 230 169 72 1n - - s w
TOT/L Z 564 440 638 2 044 546 [146 777 | B2 172 64 607 16 44 203 33 200 1% o0 3 237 T 212 (2.2 4
SOUTHERN
CHIFADZULY 34 [} of -6 116 4 303 31 833 383 1 1%0 862 764 s 340 28 - - L) ° 3
LUSANSE 124 42 433 196 898 | 1t 173 6 183 4 970 3 248 3 143 2 so1 1 94 274 27 7 - - 38 269 3187 3 23
foruy wWAwA 228 133 nn3 626 794 | 35 A87 21 968 13 919 3 480 10 429 7 829 3Ins 763 187 156 - s 1" a9 9 975 10 006
CHnT 0 98¢ ] o |-10 585 17 436 4 10 E83 2 645 797 3 954 3153 580 1493 74 - - L] o ”
MLN, I 151 14 22V 4w 995 ] - 140 |} 10 732 7 40 1 7% $ nos 4 r4 1 958 9°s 952 79 - - o o s4
AIAVTIRF 293 53 16) 247 460 1 16 174 n 223 R <71 2143 6 428 4 82 18719 4T0 020 &8 - - 21 9% 1933 1 976
D DA 151 33 3% 154 SAR2 | 106 0156 8 368 7 A%1 1913 S 738 4 304 1 482 420 800 & - - 17 682 1 474 1 516
KASUPE 124 22 049 102 301 {15 178 8 484 6 BN 1 72¢ s 1 3 873 1 s70 s 79 o3 - - ] o 40
FT JOHNSTON a4 26 019 120 729 | ®1 8AS 4 643 T 222 1 ROG S 617 a 282 ”2 @l 561 a7 - - . 132 T 178 1™
TOTAL 1 648 326 299 1 516 764 [t31 358 ] ®0 657 67 10% 1”7 218 32 0% 39 021 24 353 3 006 . 544 m
49e ¢ ERGEWER ¢ U114 00
@ Private ten eatates predommantly vy s ouated 2k ¢ 1522 "

=)
s togitive wipn hdicates revernal in direction of traffic flow



Peacfite accruing on a ('resent Valur Hasis (that in, as at 1ot Janwary 1965%)

APPFENDEIX 17(r)

YEAR 190 .
L] z 3 4 5 ¢ ? . M 10 " T} 1 e 15 16 ” "
Reglon/Diotrict Kﬂ-::(nl le.l:o Cn‘: :-ln r:::cll ':-:""“ CNr- snd ch- and :r' and Non.inpat] Existing | Geacrated | Tota) | Totat Roads Nosds Total
port Export and New Tealfic Denel Port) Tortion Benellte
t:::"k' equivalent Jdiscounted | Import Crop Export/ Export Expert Crop Traffic Denelite onP V| per Km| Costs per of Jaint of joint per kilometre
o ‘o Crop | Trafile { tmport Crop Crop Cenceated| Nenctits att 3 Dasle of KmoaP V.| Denctite | fenetita | of average
';"l"" Tratfic Crop Traftic Traflic ¢ Teatiic at 21 pence per average | Baste of et per Am of
aloee Tralfic without with pence per | meteic ton Journey salue of average
fexder feeder metric ton Silometes on induced journey on
road road kilometrs District agricultural dlatrict
investment lavestment road production road more for earth)
eaP V.
Baele
Ken Metric 9 Metric Metric Metric Metric Metric Metric (3] W
teas tons tone tome toms tons tons weoel  eanb
per per per per per per -
annem anrum aspum amnam anaum asmum £ t [ 4 t £ [ 4 £ 4
ORTHERN ) (v)
CHITIFA 13 20 362 34 039 4 245 234 3IMm 7. 2993 2 245 3 219 200 1”7 -23 =12 11 090 924 1é
KAROKGA T2 ) 34 37 433 8 3N [ 93 3] 41 10 n k) 34y 2 1] 7 - - 9 527 79 76
NKHATA BAY 93 14 66 39 ots 3 449 7 063 [ ] L] o 0 . ] 20 2 - - s 252 688 “s
RUMP 162 4 O [Z3)) 4 900 4121 179 193 s8¢ 43 49 43 m 2] - - 10 731 " [ 1]}
MZIMEA s 26 343 150 362 16 623 10 967 [ ] [ ] o o 586 [ ] 138 n hd hed 2% 3% 218 2100
TOTAL s . 137 322 366 373 39 392 43 %0 4 0 1203 3 608 2 706 2 11s 264 548 4%
CENTRAL
NCHEL p11 ] 29 456 70 615 14 740 S 424 9 316 2 329 & 987 5 240 2 267 s1n [31] 33 - bt 11 833 %8 1 016
DEDZA 449 46 083 122 8 20 357 474 1% 643 3m "2 s 799 3 ass 91s 7 - - 21 198 1187 1819
LILONC WE 410 18y a70 306 573 86 430 42 446 24 004 6001 18 co) 13 502 10 223 1 06 2 34 221 - i 30 727 1 56 1 7157
SALIMA 17 o % s 10 s20 2133 31N 20 ¢ 103 4 5N T a9 446 415 40 - - 12 810 1 068 1 083
DOWA 282 7% 034 202 328 22 247 1 ™M 10 436 2 614 7 .42 S 82 3 423 13 7" k) hed - 11 963 97 <1 049
NTCHUR 19 30 114 80 344 819 2 89 S Mo 1320 3 m 2 m 1361 2% 357 3 - i 10 374 an 836
ACHINIY m s1 e 137 132 13 889 3 30 [ 41 2 140 ¢ 418 4 814 2133 - 489 9 so - L3 16 142 1 343 1 310
KASUNGU 42 1 m 137 038 | 14 416 S 761 0 655 2 164 ¢ 4 4 8é3 2 218 473 [13) 2 - b 1161 1388 143
MKOTAKOTA 153 13192 % mwm 6162 1 463 4 699 1178 3 524 2 643 £ 1) 258 mn 23 - - 6 065 303 503
TOTAL 2 564 3520 236 |1 387 970 176 9%0 [t R r4 " m 23 696 7) o8z 33 N2 27 224 s 197 7 4% 623
SOUTHIRN . L1 3 - L 1] hd
CHIRADZULU b1 ° o |-10 347 4 %) -3 964 -1 49 -4 473 3 388 1 623 327 449 »n - - ] [ 12
NSANSE 124 2 638 140 438 13 e 6183 T 763 1 %M -8 824 -4 368 2 146 426 9N 49 - bl 28 126 2 344 2 368
CHIKWAWA 223 154 203 411 a4 41 063 21 98 19 097 4 °74 14 323 10 742 & Nne 1 047 169 1 452 - - 79 612 & 6 8 021
CHOLO e o 0 |-18 2%3 37 436 -817 -304 -613 ~400 2 808 L} (313 ss e - [ ] o 30
MLAN.E 153 0 0| -4 501 10 172 o L [} [] 1 687 [} 381 32 - - [} ] 7
BLANTYRE 9 a 311 217 ent 2) 827 o 223 15 604 3 1 & 703 217 3 868 asé 1 o} L 1) - - 29 112 2 426 2 488
ZOMDA 1% 19 149 32 610 10 138 8 363 1773 443 1330 s 1 séo 97 m 2 hd i 2 023 169 1 176
KASUPE 134 30 456 a1 257 1 129 S 484 12 648 3161 9 484 7103 3 2%0 694 907 76 - - 0 o - 29
FT, JOUNSTON 414 3y 052 104 191 17 3 4 643 12 953 3 239 9 13 T W7 2107 o 198 (1] - - 1% %4 1 329 * 1310
TOTAL 1 646 377 669 |1 007 821 [i16) 006 90 &57 16 620 19 154 97 4k 43 100 3 ™M 4 202 ¢ a7 1 46
30Tt 2796 i
* Private tea estates predominanily \.v?..’hl!ccu-‘zal 1783 a;?"’ oo !
cgo

1)
*¢ Nega lve aign indicates a raversal in direction of traffic flow



APPENDIX 17(4)

Nencfits accrning on A 'resest (.

Nasle (that §o, as at 1ot Jamuary 1968)

YEAR 1983
1 2 3 4 3 ) 7 s [ ] 10 n 17 13 14 [L] 16 17 18
Reglon/Di ¢ 1 Crep Value| Crop Value] Total Extotiag| New and New and Mew ond Nom-input § Fxletiag Generated Total Total Change in Roads Roads Total
of in malze ing Export/ Export | Generated Cenerated Generated Export and New Teaflic Renefita | Deneflin| Maintenance Portion Portien Benefits
D v d1 d] lmport Crop Export/ Zxport Txport Crop Teallle Nenelits os PV | per km | Costn pur of Joint of joiat per kilometre
Fonds to Crop Teallic Tmpart Crop Crop Generated | Neaclite a3 Dasis of tmon PV, Denell Nenati of 8!
Veesemt Teatfle Crop Treallic Tratlic Teafiic Mzt pence por average | Nasls of net per kmol Jjourney on
Valuen Tealfic without with pence per | metric ton alue of average Metrict rond
feeder ‘ecdar metric ton Lilometre Indaced Journey on| om P.V Dasts
road Litometre agriculiural District for ¢ 1{113
lavesiment (nvestment road production road mare for earth)
on PV,
Dasle
Km Metric £ Metric Metric Metric Metric Metric Metrlc to) w
tone tons tons tons tons toms tons aeneel  cenb
per per per peor per per
armgm snoam annum anmam anmom annam 1 ¢ ¢ 3 £ 1 ¢ 1 4 8 [ 4
NORTHERN (2} (U]
CHITITA 133 30 966 44 697 5 AR08 254 s 534 1388 4168 31 ay 308 153 3 25 -12 79 n7 805
TARO" CA 2 26 9%0 40 41 10 S62 2 229 8 333 2 o33 6 250 4 687 1 623 457 270 3 - - 6 90 378 376
NKHATA BAY 3 2) m9 13 009 7 630 365 7 068 1766 S 29y 3 94 1174 37 203 17 - - 7123 994 386
RUMPI 162 32 M 43 738 6 194 2 073 411 1 030 30N 2318 %y 226 193 13 - - 9100 ass ° 840
MZIMDA 58 77N nr 227 2 677 3 810 18 867 4 717 14 150 10 613 3 409 1038 se8 49 - - n 538 1199 1 0y
TOTAL s 190 523 287 309 | S2 8N a9 43 %40 10 734 32 954 24 M7 $ 134 2 410 |3 12 1%
CEMTRAL .
NCHLU 38 397 216 59 138 19 186 13 782 3 441 10 7T M 58 482 40 Al - 10 o008 " (1} ]
DFED7A 449 36 770 85 509 24 010 19 296 4 8924 14 12 10 834 3 6 1 038 e sz - et 15 607 130 1 32¢
LILONGWE qto 142 320 214 619 49 703 7 159 108 S 4 4 083 7 647 3. 1 046 1 1) - - 124 103 182 -
SALIMA 137 33 922 1 184 12 950 10 867 2 &2 7 928 = 944 199 580 338 28 - - 7 868 (31) (213
DOWA 282 % €70 144 30t 21 418 13 627 3 %07 11 720 * 790 4 218 837 860 ss - - 30 871 2 548 23
NTCHIS! 193 34 800 52 478 10 10} Tm 1 803 3 409 4 057 13%4 3% 234 n - - 7 367 [} .
MCHINI m S8 923 88 856 16 608 11 304 2 026 8 418 6 N 2 %38 620 413 34 - ~ 11 598 " Th
KASUNGU 21 62 744 94 618 17 320 1t %9 zZ 890 8 469 6 502 2 684 634 42 36 - - 13 19 1118 113
NKOTAKOTA 153 18 339 27 633 7 690 6 427 1 &07 4 820 1618 1214 - 2 204 17 hed - 4 768 pLrs 3t
TOTAL 2 864 842 724 818 428 [185 103 163 013 25 158 T 258 57 948 28 4% 3 630 440 310
SOUTHERN .. (23
CHIRADZULY 34 o 0 1-13 831 4 583 11 268 2 a7 6 33 243 610 n 3 - - ] [ 3
NSANIE 124 62 899 9 852 16 879 6 13y 10 116 2 679 4 028 2 6or 988 414 » - - 19 319 1 615 1623
CINKWAWA 23 173 479 201 606 46 520 21 968 24 552 6138 138 T 152 1 497 t 108 ”n - - st Sy 4 29% 432
cnoLo 98 o o |-27 430 |17 436 -9 14 2 49 3 621 4220 S48 630 sz - = ° 2 T
MLANJE 153 ] 0 f-19 194 10 172 -8B 422 2 toé 97 29 a®2 440 b1 - - o L] 172
BLANTYRE 293 73 Ay M M6 | 22 401 | 8 228 14 134 3 546 10 638 T 9. 3 4409 s sse " - - 13 958 1163 1104
ZOMDA 151 L] o - 178 8 WS o ] L] o 7 [] 4 LJ - - [ ] ] -3
KASUPE 154 39 603 59 724 7 218 A 484 1819 4 69 14 093 10 570 419 1 030 479 7 - - 2 039 172 204
FT. JOIINSTON 414 S4 153 a1 683 23 7138 460 19 093 4714 14 321 10 74° 3 452 1 042 610 b1 - - 14 130 1178 120
TOTAL 1 646 403 9713 609 191 [199 489 | %0 657 nT o2z 29 257 87 763 63 324 30 83 6 413 4 19 403
1715006 -+ 2200
® Private tea oo < ’

es predominantly N, ey a3
oo Negative oign Indicates reversal of trafflc fow !




Deneflts accroing on & present value Lasis (that is

APPLNDIX 17(e)

an at ot Jnnuary 1995

YEAR 1990
1 2 3 4 L] [ 7 ] ] 10 1" 2 " 14 5 16 17 1
Reglon/District Kilometves Crop Vatue | Total Existing | New and New and New and Nom-input Puisting Genrrated Total Total Change in Roude Haoads Total
of [T 3 Export! Export | Generated Generated Generated and New Teaffir Benelite] Denefite | Maintenancy Portioa Portion Denefits
Dietrict equivalent | discounted Tmport Crop Exportf Faport taport Tralfic Benefits on * V] per km Coats per of Jawat of jaint per kilometre
Reads 10 Crop Tralfie Tmpart Crup Crop Beactats at.3 Dasle of hmon .V Denefits Denelits of averuge
Present Traffic Crop Teafllc Tealfic al 2.3 pente pee average | Dasis of net per kni of Journey on
Valses Traffic without with pence per | metrie ton Journey N value of average Canet road
metric ton kilometre on induced Journey on { en P.V Daals
feeder fevder
road road kilometre District agricultaral Nisteict for gravel{£13
lavestment lavestmaent road production rosd more for earth)
on P.V
Dasis
.
Km Metric i Mctric | Metric Metrle Metric Metric Metrle
toms tons tons tons lons tons tons (%} o)
cunh )
per per per per per per e
annum | anrum asnum annum annum anmarn 3 g 1 £ rs e £ 1
CRTYHERN a) )
CHITIPA 133 37 %0 2 39 7 4% 254 7 238 t 809 S o 4019 nr 397 so 4 -25 32 6 908 $76 ssg
KARONGA 72 32 %00 26 7113 12 907 2 229 10 618 2 670 8 008 & 036 154 L1773 94 . - - 4 97¢ as 198
NKIIATA BAY 83 28 00 2) 304 979 563 9 414 2354 7 060 s 238 449 516 res s - - s 080 a3 act
RUMPt 182 40 200 32 842 7 582 20713 3 509 1317 413 3 099 530 302 ss s - - 6 219 si18 43
MPIMDA 383 100 300 at ade 29 139 3 810 23 319 & 348 19 03¢ 14 276 1562 1392 207 17 - - 1% 720 1 N0 1 302
TOTAL s 242000 | 156504 | 67107 | s S8 206 14 888 LI T T s 3 a2 3193
GENTRAL
NCHFU 348 49 000 39783 | 23 961 | 5 424 18 537 463 13903 | 40 41 1 sar 1 o7 9 15 - - 78 pres ™
DEDZA 419 33 s00 27 202 | 14049 | 4 714 9 338 234 7 001 s 243 & ons s12 nz M - - 41852 346 330
LILONGWE 410 84 000 69 208 | 29 449 [ 42 @46 ° [J o ° & sw ° 487 » - - ° ° "
SALIMA 137 40 700 33048 | 15 581 | 2 383 13 168 3 292 9 976 7 407 813 22 e 9 " - s 415 56 *
DOWA 202 114 800 B2e | 32901 |11 M 21 160 s 290 12610 | 4y g9 2 628 116 268 2 - - 0 835 >y s
NTCIRSt 3] 41 800 I3z | 12136 28y v 247 2 n2 (X1 s 20 00 so1 " M " " 1 409 P &M
MCHINIL 1 69 500 seasa | 19535 5300 14 234 3 559 10 675 8 008 ™ b 151 I - - 12 248 1 020 1 oos
KASUNGU a2 74 000 6o o088 | 20 422 5 7261 14 661 3 665 10 996 . 247 1 480 804 158 3 - - 9228 169 787
1KOTAKOTA 153 22 400 151 ] 9 74q| 1483 [¥1]] 2 oT0 62 4 »s 543 pros 70 P - - 3 458 209 210
TOTAL 2 564 529 900 430 229 | 177 798 | 82 172 108 823 27 156 a1 467 61 100 15 819 s 950
SOJTHERN . e . o
CHIRAD2ULU 34 o o 1-22 1% 4 503 -4 392 -13 176 9 ax2 131 9%3 164 14 - - ° 0 11
HNSANJE 124 57 100 46 832 15 593 []11) 2 353 7 037 s 293 t 33 $16 128 n - - 9 485 7% 176
CHIKWAWA s 194 300 157 112 ST 29 [ 21 8 k1)) 22 192 17 053 4 %46 1 o83 a4 % " - 31 886 2 629 2 640
cHOLO 0. [} 0 |-38 332 |17 436 -5 224 -1% &712 11 184 3 a6 3 146 324 27 - - o ° 2
ULANIE 133 0 0 |-36 ¢as | 10 772 -6 479 s 437 | o 2 634 1 a2 208 2¢ " - o ° -
BLANTYRE 293 34 000 z7 600 | 10 240 | ® 223 so4 1813 1138 1304 T 102 M - - 238 20 L3
ZOMBA 131 ° 0 ]-12470| 8 388 -1 026 -3 079 2 309 1 s 228 1" 0 - - ° ° s
KASUPE 154 49 100 svsr0 | 33872 | 8 as¢ 6 347 19 041 14 201 2 20 ™ 281 2 - - 2 844 237 233
FT. JOHNSTON 4 &9 300 56212 [ 30 361 | 4 643 [yt 19213 | 0 1 102 , a0y 28 is - - 10 301 s uss
TOTAL 1 646 404 400 31"&'!; 251 y18 | 90 &s7 40 3 120 9% 90 144 20 152 s 84k
] ‘IG’ (] FEEXTL]
* Private toa setates predominantly - 'I_,.,,’O, 4963 "'I‘L,75'°

** Negative sign ladicates vevereal of traffic flow
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APPENDIX 18

Compensation for loss of buildings and crops due to new road construction

Compensation is not paid if buildings are constructed or crops planted

after due notice has been served of the future construction.

Nevertheless

an economic cost of the value of the crops lost should be included in the total
economic cost in the project's appraisal since they are a loss of resources to

the country.

Perennial crops

Compensation per plant or tree etc.
Crop Class
Country Town
Avocado large £1 0 O £§2 0 0
medium 15 0 £110 0
small 15 0 10 0
Mango large 10 0 £1 0 0
medium 7 6 15 0
small 5 0 5 0
Guava large 4 0 5 0
Paw-paw medium 2. 0 2 6
Mulberry small 1 0 1 3
Common large 16 0 £110 o
peach medium 11 0 £1 0 0
small 5 0 5 0
Apple large £1 5 0 £110 0
Plum medium 16 0 £§1 0 0
Peach small 8 0 10 0
Banana per mature stem 1 0 1 3
Grenadilla| per mature plant 4 0 5 0
Pineapple | per mature plant 6 6
Sugar cane{ per clump 1 6 2 0
Coffee In bearing

good 10 © -

_medium 7 6 -

poor 5 0 -

immature - good 5 0 -

medium 2 6 -

* poor 1 3 -

7




Appendix 18

{continued)
Annual Crops
Compensation per acre
Crop Class
Country Town
Maize Good £8 00 £13 5 0
Sorghums Average £5 0 o0 £10 0 o0
Poor £3 50 £615 0
Cassava good £12 10 0 £25 0 0
average £8 5 0 £16 15 ¢
poor £4 5 0 £8 5 0
Pigeon pea good £6 0 0 £8 00
average £3 00 £5 0 0
poor £1 5 0 £2 00
Beans good £5 0 0 £710 o
average £3 5 ¢ £5 00
poor £115 o0 £§210 o
Groundnuts good £20 0 o0 £30 0 o
average £13 5 o £20 0 0
poor £615 ¢ £10 0 o©
Tobacco good £§30 0 o -
{Western) Rates average £15 0 o -
doubled for Turkish poor £5 0 0 -
flue-cured and burley
Sweet potatoes good £1210 o £25 0 0
average £8 5 0 £16 15 0
poor . £4 5 0 £8 5 5
Castor mature £ 0 0 8each £ 0 0 8 each
plant
Chillies mature bush £ 0 1 0each £ 0 1 O0each
Buildings
Roof Rate
Shillings/pence per sq. ft,
Wattle and Daub Thatched 1-0
Pine Thatched 1.3
Pine Corrugated iron 2-6
Sunburnt brick Thatched 1-6
Sunburnt brick Corrugated iron 2-9
Burnt brick Thatched 3-0
Burnt brick Corrugated iron 5-0
Burnt brick-cement pointed | Thatched 4-0
Burnt brick-cement pointed | Corrugated iron 6-0 |

Source:- Ministry of Works and Supplies,

n



(Present value £ /kilametre (£ /mile))

APPENDIX 19

Upgrading existing earth

Construction, maintenance and land economic costs

new feeder

road to gravel standard earth road
Construction . 2,650 (4 300) 500  (800)
Maintenance (change) 500  (800)(a) 230 (37)
Land 0 ©)(b) 15 (25)
Administration 0 ©) ] (0)
Total 3,150 (5,100) 745 (1,195)
Total costs for cost 2,650 (4,300) 515  (825)
benefit analysis (c)
Notes
(a) Calculated so:-
£ £
i Present Value annual basic maintenance of
gravel road, per Km 420
.. ii Less Present Value annual maintenance of
earth road, per Km 230 190
iii Plus re-gravelling every 6th year, per annum
P.V. per Km 310
Change in economic maintenance costs for up- -—
500

(b)

(c)

Road is already in existence and as no realignment
or widening is considered no land is required.

Maintenance costs (changcs) are included as a
deduction under Benefits and not under Costs.

graded road, per Km

3



APPENDIX 20

1968-74 Faeder rosd programme - annsal total benefite, entluding change in malstenance coste
Mew fesder reads and vpgrading axisting reads

(L oo at 1ot January 1968)

1970 19711 19712 1973 1974 1973 197 1917 1978 1979 1980 19 1902 198y 1904 1983 1986 1987 1988 1989 1990 TOTAL
RECION DISTRICT fl 4 T € € € f 1 € t t [ [3 [ [3 [ I3 t [§ [ [ [3

NORTHERN| CHITIPA . 4728 $ %00 6 900 3 090 Y100 10 360 10 So00 10 700 10 s0o | 1) too 1129 13 o000 10 700 10 400 0 200 v 82 9 400 8 800 8 200 7 400 & 9ysa| 173 009
KARONGA 110126 | 10400 | t0800] 11200 11 600 | 11 981 | 11 s00 11 000 { to soo | 10 ooo 9 408 * 100 8 600 9 100 7 600 7 200 6 800 ¢ 400 & 000 s sp0 s oro | 109 oss

NKHATA BAY 3. 4 400 s sop & 400 7 400 8 48y ® 400 8 400 830 ]| s 300 8 212 8 100 790 72700 | 72300 | 7 326 € %00 6 500 6 100 S 6co S 148 | 146 517

RUALPS s 338 6 600 7 800 9000 10200 { 11305 | 11 300 | 1t 400 | 11 300 | 12 200 | 13 142 | 10 00 10 400 1 10 000 9 600 9 293 8 600 8 o000 7 400 & 800 6217 | 1% 012

MZIMBA 7342 | 10300 | 13300f 16300 ] 19 400] 22 476 | 23 000 23 600 | 24 200 | 24 800 { 23 520 | 2¢ 800 | 24 200 | 23 600 23000 § 22126} 20800 | 19 600 | 19 400 17 200 | 15 921 | 419 a9t

CENTRAL |HCHEU 6 251 7 so00 ® so0 25001 10500) 11946 | 12 000 | 12 000 | 12 000 | 32 0o 12 492 } 12100 | 11 700 | 11 300 § 10 900 | 10 490 9 00 930 | 8700 0000 | 7356} 214 433
DEDZA 17675 1 16 000 | 19000 | 20000 | 21 000§ 21 782 2 000 | 22 000 | 22 000 | 22 oco | 2t 116 § 20 100 19 100 | 18100 {17 100 | 16 225 | 13 900 | 12 400 | 10 000 7 600 4 264 | 363 242

LILONGWE 22 201 | 27 600 | 33000 | 38 400 | 43 800 | 49 150 | 46 000 | 43 000 | 40 000 36000 | 33 380 { 27 000 | 21 000 § 1S 000 | & coo 2 080 1 700 1 400 1 100 800 457 | 491 069

SALIMA 1o 6a6 | 16700 | 14 eoo| 14900 | 15 0o | 15 050 | 14700 | 14 300 { 13 300 | 13 reo | 13 285 | 12 200 | 11 200 | 10 200 9 200 8203{ 170/ 7 200 & 700 6100 [ 3s8r ] 243 211

DO™A 1 3% 2 s00 3 10 s ooo 6 100 7 613 s ~on 2700 § 10200 | 11 7c0 | 1z 88z | 16 500 | 20 1co | 23 700 | 27 300 31231 | 27 000 | 23000 | 19 000 | 15 900 | 10 soc | 293 a4z

NTCHIS] 12 307 112000 | 11 600 112c0{ 1090} 10 68 | 10 700 | 10 800 | 10 800 | 10 eco | 30 93t | 10 Yoo 9 700 9 100 8 s00 7 821 7 800 7 700 7 700 7 600 7 50C | 206 S37

MEeNIL 27 281 | 26 000 | 25 000 | 24 000 | 23 000 | 21 eos | 20 enc 19 600 | 19 600 | 3~ oo L 67¢ 115 800 | 14 900 | 14 000 | 13000 | 12 o1y | 12 000 | 32 o000 12 000 f 12 000 | 12 39¢ | 370 133

LAStINGUY 21 329 | 21 070 | 21 000 20 oon | 20 ooo | 20 0es IZ %00 | 19 000 {18 500 | 18 0co { 17 356 | 16 700 | 16 000 | 3 300 | 14500 | 13 748 ] 12 800 | 11 900 | 11 100 | 10 100 9 37¢ | 347 288

* HKOTAKOTA s o17 $ Joo S 600 s 900 6 100 6 314 300 6 300 6 300 6 %0 6 342 6 100 5 800 S so00 S 200 4 m 4 600 4 300 4 000 3 700 3823 | 13 932
SOUTHFRN | CHIPAD~ULU (30 [ sco 170 40n 140 (L] 100 402 400 44 400 400 400 400 397 300 300 200 200 164 8 oS0
{>can. g 30 3:2 f4mgon | ar o) as0m | a2cee| Mt | 37 c00 | v ner |33 000 10 703 {2k 718 126900 | 25 100 | 23 300 | 21 se0 | 19 793 { 18 000 | 16 000 | 14 oco | 12 aoo ? 613 | 613 227

Citt waxa 177754 13¢5 a0y fv s o0 f1a3 0t | 132 0co | 120 wa | 11 03 [ 10 4n0 | og eno 9 000 | 81 306 | s 000 { 69 000 | 63 000 § $7 s00 | 52 644 | 48 0co | 44 000 | 40 000 36 000 | 33 992 § 172 062

e, 2 230 2 100 1 oew 1710 1500 19 1 30 1 100 200 763 656 600 600 600 600 620 500 soe 400 <00 328 | 20 123

AULERRS§ 3 458 3 kny Y lon 2 40p 1 700 ™ aoo 100 600 s03 ALl 490 400 400 400 440 400 400 300 100 28% 23 2%

LA YRF 1 030 5 voa 9 oo 13 000 , 17 500 | 22 mio 24 200 | 2% 400 | 27 000 | 28 503 | 30 133 | 27 000 | 24 000 { 20 900 17 o0 14 568 | 11 ooo 8 oo0 S 000 2 ooo 30 | 334 301

2000a 6 o4t Baoc | 10820 | 13200 | 15800 | 1m 4ny | 95 000 | 12 ono 9000 § « 50) 2 404 1 ooe soo 0 ° 4 0 ° 100 100 117 | 118 449

KASUPE 1 024 t 000 900 809 200 119 €00 8o¢ 900 9c) 907 1 000 1 300 1700 | 2200 | 2732 2000 [ 2800 2 900 3 000 310t 1 33 149

FT JOHNSTON 3 529 $ %00 B30 | 103500 | 12700 | 14693 | 15 100 | 15 s00 | ts 900 16 300 | 16 738 {16 300 | 15 900 [ 15 500 | 15 200 | 14 749 | 13 800 | 13000 § 12 200 | 11 00 | 10 597 | 273 98

4067

NOTE Figures for 1970 1978 1930 wnd 1990 hove been obtatned from Appendix 17 {eal 13+ col 16)

GRAKD TOTAL L6 937 530
for intermediate yaars have Leen in erpolated,




APPENDIX 21

Feeder Road Programme 1969 - 1990

Upgrading or Constraetion
1 2 3 4 5 6 7
Regioa District Total benefite Total eoste, upgrading Kilometres of upgrading Total costs of new roads -- Kilometres of new earth
1970-1990 +thange in maintenance Justified (earth to + change in maintenance road justiefled.
present value costs per kilometre gravel standerd) " eonts per kilometre
basls present value basis) present value basis
4 £ Km 4 Kea
Northern , R
Chitipa - 193089 2381 81 459 412
Karonga 189085 2381 79 469 403
Nkhata Bay 146517 2381 62 469 312
Rumpl 194012 2381 81 469 414
Vzimba 419891 2381 176 469 95
Total 479 2436
Central
Ncheu 214433 2381 90 469 457
Dedza 385242 2381 153 459 9
Lalongwe 101060 2381 206 469 1047
Salima 213211 2381 102 469 519
Dowa 293042 2381 123 469 627
Ntchiai 206537 2381 87 469 440
Mchinji 370133 2381 158 . 469 789
- Knamgn 347253 2381 146 469 740
Nkotnkota 113532 2381 48 469 242
Total 1110 5640
Southem
Chiradzula 8050 2381 3 s 469 17
Nssoje 613227 2381 258 469 1308
Chikwaws 1725062 2381 725 469 3670
Cholo 220723 2381 9 459 44
Mlanja 236 281 10 459 50
Blantyre 334301 2181 140 469 m
Zomba 118449 2381 50 469 253
Kasope 33149 a1 14 469 n
Ft. Johnaton 213915 23181 118 469 S8
Total 1324 6718
Grand Total 2013 Grand Total 14704
Note: The above dietances lor upgrading and sew Total expenditure in avaluation
- traction are not excluaive of each other © period (range) £6,9000,000.

and are therefore dependent of slternatives. (i.c. 2013 x £23A1 or 14704 x €469)



APPENDIXL

Road devign standards

Nesign [ Speed m.p.h Gradieats % Curvaturesradivs feet Paved Widih Fermation Shoulder
Autwority Flaas Terrain Devizatic | Minimum | Draizable | M Desirable ML fect Widih fecs feet
) Nurnal 80 0 4 3 3,000 800 n n ]
Meuntamous $0 A0 4 L1 1,000 $00 23 n ]
n Normal 0 30 1) 6.7 24000 250 11 n 1
Mountainous 40 3 6.7 [N} so0 0 11 17 1
Malawj
Nonima) 40 30 6.7 [ X} 300 180 " 24 4
vl n Meuntatnous 3 1 X 10 100 200 " 2 ¢
vade
Branck " Nozmal © 0 61 e 500 250 1 I s
Mountainous 30 23 [ R) 10 300 200 12 4 [
Crop extraction
desrlopment ot apecified eanth ourloresr o o fill, 26 1 36 foet cheared widib, ronaing surface 12 fect nppres
fosde
Tiat rolling 10 50 4. 600 10 ) 200 misimum 0 to 4 N wedl
Primany Rilly 90 1] . $t0? 300t0 600 minimum 0 1024 312 w4
\ Mountainous 5 8 Tt09 1350t0 300 minimum 20 o2 %N
arious
Jupnal Flat rolling 50 %0 s B0tc SO0 miaimum | 20 to22 2 1040
e Sevondan HIly » 30 . $to? 250 10 330 minimam 20 1022 N 1040
Mou A novs 3 w Tt 11010 230 minimum 20 to22 26 w030
Tiat rolling » 30 ) 2010 150 minimum 10 1020 24 w02
Feeder Hille 30 20 . Twe 110t0 230 minimum 18 1020 M w0
Mounlainous 10 13 il T0te 110 minimum 18 1020 4 102
Level and rolling 3} «“ . . 990 " 21} 10 2¢ )10 30 Cut &
fin 4
Primary LTI «“ M 5 1 [1}] n 20§ to 24 25} 10 30 cut §
u é
a"RD Mountalaous " 1) ? ’ 1] [T 20 to2¢ 2030} | ewt 3
iNorld i 4
Bank)
Leve) and rolling s0 b1 . $ 39 n 1912 Mjo2d | cwi s
u e
Secondary Riuy » 1 ] T [0 264 19 1023 21029 | cw
fut
Movatainous n u 1 ’ ™ 192 10 e} HIRTE cul 3
[
Leve) ground and . n 3 s manimum degree of 1)
low nills curve )40 30'
Mauatainows manimem degree af
terrain " B 4 ¢ curvs u" o
Type C Rura)
Mexco Roads Steep mountainous ” 1 &3 o maximum dc‘uv of ni
terrair * curve 47 J
Very steep manimum degres of
mountalacus n " so 7.0 eurve 41° 1}
terrain

Piernirg «nd Rusearch for Road Transport in Developing Countries by R

P. Bonny and R.8, Millard
¢ uin grence or Cinil Engineeriog Prodlems Overseas pp 1910208 June | NOTE

Werlo Hithean s December 1947 Val, XVII No. 12, ] o Curerin
. 3. Gress sectioas shown reprosent standarda for gently wndolating countny
|
21 elo a0 {1 .If R
orvs, Molpw, ] notmal grownd level
{2 cdoee o e "’_Lin "
Cleared widih 26 &t
P s e _‘. -—
: :-_ll e |

) _.:__m 'L:!-lh Normal greund Jevel
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TRAFFIC CENSUS FORM AS USED BY MO.W&S.

APPENDIX 23

TRAFFIC NUMERICAL CENSUS 1968

Dute.&'ﬁf‘.ﬂﬁj.‘.%‘[ Duy.l‘!.vndqy_“....... .-1........ Location...... ...

Seuson...D.r‘j .............

...........

Local market days.......Raily. Road condltions.........D.!.!)'.......................

R R T L T T S Y T3

Local conditions ..ny-'u’"' ."'df

Visual count station...ALL.. ... Sykes automatic count stations.... Al

Ret 1/7 NW. of Balaka

Ncheu

Station,_ TRUCKS TRUCKS AND TRAILERS Matope Balaka
UNDER 3T | 3T~ sT sT — 10T | oveErR 107 | 3T — T sT — 107 | OVER 107
[} 4 20 - Py - -
2 !%} g A, y o) Ao £ = = =
4 1Y = = r— = —
63 —T— L = —= = =
BICYCLES |MOTORCYCLES| CARS BUSES  |OFFICE USE |SYKESG6PM | SYKES 6 AM
,; = = 31 ; , —— = 8y — [ | p—— When completed this form
[——= “E - = - % —
:5 === e e et - — “—?4 T ] must be returened
: immediately to :-
STATION 1 2 3 5 6
4 C.P E. (Roads)
SYKES 24 HRS m 123 143 63 106 I Signed Ministry of Works,
STATION P O. Box 45,
9
SYKES 24 HRS . ceeefecencos ven - zombu.
Clerk i/




APPENDIX 24 .

Results of moving vehicle traffic counts

. Vehicles encountered Possible A.D.T,
Road Duration of count excluding bicycles (approximate
. motercycles, ox-carts only)
S62 2.45 pm = 4,10 pm 1 Landrover
Chiradzulu Single journey only 1 Bus 108
1 Lorry.
6 Cars
S41 8.40 am — 11,10 am 2 Landrovers
Palombe plain Single journey only 7 Trucks 7
3 Cars
569 11.10 am —~ 1,00 pm 1 Truck
L Chilwa 1 Bus 2
1 Car 50 say
2,00 pm ~ 3.00 pm 3 Trucks 64
return journey 1 Car
S 56 1,55 pm - 3.05 pm 2 Trucxs
Liwonde Forest Single journey only 1 Landrover 55
Reserve 1 Car
D221 3.05 pm — 4.00 pm
Liwonde Single joumey only Nil
D 240 1.55 pm ~ 3,20 pm 1 Truck
Lirangwe Single jonmey only 3 Cers 68
2 Landrovers
D 236 4.40 pm = 5.00 pm 3 Cars
Blantyre
D32 8.28 am ~ 8.37 am Nil Sunday traffic
Lilongwe
D3l 8.37 am =~ 9,20 am 2 Cars Sunday traffic
Malingunde 1 Bus
D 46 10,00 am - 11.30 am Nil Sunday traffic
Namitete
S70 . 11.15 am = 11.45 am 1 Cer
Ralkers Ferry
D147 3.10 pm —4.15 pm 3 Trucks Public Holiday
Mlanje 1 Car
S43 4.15pm - 5.20 pm Nil Public Holiday
Fort Lister
540 530pm—610pm | 2 Cers Public Holiday
Palombe ) )
nas
Madisi 3.35 pm ~ 4.05 pm Nil

18



APPENDIX 24 (Continued)

Results of moving vehicle traffic counts

Vehicles encountered

Possible A.D.T.

Road Nuration of count excluding bicycles (approximate
motorcycles, ox-carts only)
D 82 4,05 pm - 4,42 pm 1 Light van 52
\iponela 1 Truck
D 48 from \f1 to 9,47 am - 10,10 am 1 Landrover -
just past the Single journey only
Bembeke
\lission
D 48 Bembeke 10.10 am - 12,30 pm Nil

\lission to N50
Mua \lission

Road virtually impossible - two hours to
travel six miles down escarpment

D50 to 12.30 am to 12.40 pm 1 Truck (MOW & S)
Ntakataka and return

12.50 to 1,00 pm 1 Truck (MOVW & S)
D 50 Mua 1.00 pm to 1.30 pm 1 Landrover
\lission to single journey only 1 Pick up
522 junction
522 to M1 1.40 pm to2.30 pm Nil
\lassasa

14



APPENDIX 25 -

Derivation of traffic flow in terms of vehicle-kilometres per year

Numbers of vehicles of all types were obtained from the Road Traffic Commissioner. Fixcluding
motor cycles, road construction vehicles and government vehicles there was a total of 13,177 vehicles
as at 31st December 1967, :

A breakdown of types was made as follows:

Passenger cars 8268
Light lorries (<3 tons carrying capacity) 2992
Heavy lorries (>3 tons carrying capacity) 1528
Light tractors (<3 tons carrying capacity) 381
Heavy tractors (>3 tons carrying capacity) 8

13177

A comparison was made with the classification used by de Weille 15 and the following
grouping made

No. of Average distance travelled
de Weille Malawi vehicles per year be each vehicle
kilometres (de Weille)
Passenger car passenger car 8268 15.3 x 1000
Truck Type 1 Nil Nil 14.5 x 1000
Truck Type Il light lorries 2992
light tractors _881 } 22,5 x 1000
3378
Truck Type 1Nl heavy lorries 1528
heavy tractors 8 96.5 x 1000
1536
Truck Type IV Nil Nil 112.6 x 1000

Using flow values in Appendix 8 and the ratios between vehicle types figures for flows of
different vehicles on the three types of road surface were obtained: thus

Cars 1otal 8268

No. on bitumen 8268 x 658/716 = 7598
No. on gravel 8268 x 35/716 = 404
No. on earth 8268 x 23/716 - 266
Type 1l vehicles total 3373

No. on hitumen 3373 x 305/365 - = 2818
No. on gravel 3373 x 36/365 = 833
No. on earth 3373 x 23/365 = 222



Type Hl vehicles total 1530

N\, on bitumen 1636 & 218 280 197
\o. on gravel 1536 8 10 280 220
\o. on earth 1536 s 22 240 =« 119

From thenc figures the vehicle-hilometres for each vehicle type accarding to road surface have
been calculuted

e.g
Gravel Typell 333 vehicles, 22.5 x 1000 hm. per year (de Weille)
surface  hence 333 » 22,5 » 1000 = 7492.5 x 1000 veh. km. per year

The results have been tubulated und are contained in the body ‘of the report in Table 18,

APPENDIX 26
Origin and Destination Surveys : Summary of Methods 36

Five main methods of carrying out origin-and-destination surveys are available:

—

. By roadside interview,

2, By giving postcards to drivers,

. By noting registration numbers,
4. By placing tags on yehicles and
5. By home interview.

w

Roadside interview

Vehicles are stopped at a number of points and drivers are queat‘ioned about their journeys.

The survey stations are usually situated at points where the road system intersects one or
more cordons; these are chosen to intercept all important movements in the area under considera-
tion.

Lay out of cordons for roadside interview and postcard origin and destination surveys

Ly

4 (a) rectangular grid of cordons

f‘m {b) ring and radial cordons
&

(c) irregular network of cordons



One wrrangement uses twa sets of cordons at sight angles 1o foim o roctangular grid as in
fig. @l \n alternatise amangement particulurly suited 10 a single town hus a series of cordons
tound the city contre combined with radind cordons, fig. (). If the movements being studied are
nainhy in one direction ot each point in the area one sel of cardons may suffice, e.g. rudial cordons
may 0ot be needed in towax. Short cordons that divide the area into irregular sancs, fig. {c) can be
used but it ix more difficult 1o make efficient use of the data. Both dircctions of traffic ata survey
station should be intervjened,

The questions nshed depend on the purpose of the survey and are usnally designed to determine
the last pomnt that the vehicle needed to be at and the nest point to which it needs 10 go. This
information may be ablained by dircet questioning or by a series of questions:

e.g. Where did vou start this journey?
Ilave you made anv calls since you left there?
(if answer is ves) Where was the last place at which you called?

If the origin or destination of a joumey is a considerable distance from the area being consid-
ered it may be decided that the point of entr) to or exit from the.area will be unchanged by any modi-
fication to the road lavout. If so, the questions should be designed to detormine the point of entr)
or exit. The questions put to drivers of commercial vehicles are somehimes different from those put
1o drivers of cars so that each is most likely to give the correct answers,

" The main disadvantage of the roadside interview is that drivers are delayed while being inter-
viened.

Postcard Method

This method involves ashing each driver to complete and return a prepaid postcard given to him
as he passes one of a number of selected points. The method is basically similar to the roadside
interview method. Vehicle delay is negligible and the method is simpler and cheaper than most,

Registration Numbers

Observers. stutioned at points forming a cordon, record registration numbers of vehicles enter-
ing and leaving an area. The results are analysed by comparing the two lists of registration numbers
one for vehicles entering the area and the other for vehicles leaving 1t. Each registration number
that occurs in both lists corresponds to a vehicle movement between the two points where the number
was observed. Registration numbers that occur in one list only are assumed to represent journeys,
which ariginate or fi nish inside the area, Ii1s usually an advantage to record times of entry and
exit as this information can I ; used to determine Journey times,

The advantages of this method are that traffic is not normally delayed and that police control
is not usually necessary. The disadvantages are, a large number of obscrvers is needed since
recording must be done at all points simultaneously. Information about each journey is limited to
point of entry and exil from the area being studied; neither the original nor the destination is
obtained. Mistakes in recording can be a serious source of bias, ¢.g. a through journey which has
one of its registration numbers recorded incorrectly will be recorded as two terninating journeys
instead of one through journey.
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Tagged vehicle method

Corded tags are placed on vehicles an they enter an aren and are tuhen off when they leuve it,
Fimes of entering and feaving mav be murked on the tugs ko thit journey times cun be determined.
‘The method is similor 1o the regisiration number method hut errors ure less likaly and unalysis i
vasicr. ‘The disudvantage 1x that drivers may object to the tugs und muy remove them.

Home interview

\ xample of the populution is interviewed in their homes. The proportion of households that
are interviewed nomally lies between 1 and 10 per cent, and it is customary to obtain information
on the journevs of all members of the households. The questions ashed depend on the object of the
study but 1t 1% usual to obtain details of journeys made by persons or vehicles on the previous day
or dys. The mothod 1s particularly suitable for studyng traffic demands 1n large urban areas. Un-
like ather methods 1t enables information to be obtained on journevs, by public transport (bus, rail
etc.) and on foot. This methad 15 espensive and requires detailed planuing and trained nterviewers,
but the possibilitv of bins 1s small and errors and omissions are unlikely as the interviews can be
carried out unhurriedls.

APPENDIX 27

Forecasting of future numbers of vehicles — British Method 96

Economic forecasting of the numbers of vchicles which will be licensed in the future is con-
sidered to be an extremely risky undertaking and lacking in a high degree, the reliability desirable.
Nevertheless the value of such forecasts is such that the attempt is worth making. Trends over the
neat 20 years or so are obviously important in relation to proposed road improvement; while trends
over 50 yeats or so are neccssan in considering the provigion of garage space in new housing areas.

In Great Britain we are concerned with numbers of vehicles per head of population and the rate of
increage of this quantity. For Great Britain the number of vehicles means the number of motor
sehicles licensed at any time in the three months ending September.

Four classes of vehicles are distinguished

i Cars (classified by c.c. or by h.p.)

ii Votor cvcles (int;luding mopcds. ccooters, comhinations)
fii Agricultural tractors

iv Other vehicles (including commercinl vehicles, P.5.\"s., taxis.
pedestrian controlled vehicles. uther tractors).

The population figures used are the mid-ycar estinie~ of the ‘de facto’ population made by
the Registrars General for England and Wales and for Scatland und include persons of all nges

including children.

The banic quantity to be studied is vehicles per head of papulation (1hat 1s for the four classes
of vehicles). Forccasts are mude (for the 50 ycars from 1960 sa) for eath of thene classes) by
uning projections of the population (madc by the Goverament Acivan in Great Butain). Por each
cluns of vehicle therefore o curve is required stietching hom ~ay 1960 - 2010. 1t will he postutated
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fiestly that thix will be o smooth curve and vorious assumptions have to he made, c.g. that there

will be no major wovial or econamic evont which would cause sharp changes 1 the development of
the numbers of sehicles per head: that there are no catustrophie events (such an World War 1) that
there will be no substantinl substitution by other means of transport, such ax helicopters, for which
motor vehicles are at present used, 1t seems reasonable to suppose that as well us being smooth the
gouth curve should continue the curve of giowth experienced in the immediate past. “The algebraic
form of the forecant curves is largely open to choice. 1t must have at lenst three constants that can
be filled. If there were onlv two the whole curve would be determined by the current numbers of
vehicles per hend and its rate of growth. On the other hand it is imprabable that the reliability of any
forecasis would be such as 1o justify more than three constants.

A type of curve often used to represent growth in both social and biological phenomena, is the *
Logistic Curve. It has three constant and tends upwards tonards a limit with the passage of time.
The percentage rate of growth decreases steadily as the upper limit is approached. This curve is
used for the forecasts of the number of vehicles per head. Forecusts of the number of vehicles
follow a slightly less regular curve, since the predicted population growth is not quite uniform. To
find the third constant required to determine the forecast curve it is necessury to estimate the upper
limit. i.e. the maximum number of vehicles per head that will ever be demanded (Saturation Level).

The Saturation Level for cars in Great Britain has been taken as 0.40 cars per person. This is
regarded as a conservative estimate. For motor cycles a Saturation Level of 0.06 has been assumed,
and for agricultural tractors a value of 0.0, For *other velucles® a Saturation Level of 0.08 ‘other
vehicles® per head has been assumed but is not a figure in which much confidence is placed. Adding
the saturation lesels for the four separate classes of vehicles gives 0,53 motor vehicles per person.
This value was already exceeded in 1960 in four states in the United States.

The forecast

Basic calculations.

ownership per head in base year (1960) X
assumed rate of increase of ownership r

The three constants i
i

ii saturation level a

are required to be known.

These are substituted in the Logistic Equation.
aX

~art/(a~X)
X+(a=Xe art/la

Xm

The derivation of this equation is given below.

This formula may be used to estimate for the whole range of vehitles by using it separately
for the different types and summing the results.
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The Logistic Curve : Derivation of logistic equation

Denote time by “t’ and vehicles per head by x.
For base year (1960) t= 0 and x = X.
The most general logistic growth formula satisfies the differential equation:

B ex (a-v) caeeea(l)
dt

where ¢ and a are constants. The solution to equation (1) is:

X ._.—-—a——-— “« 000 e (2)

- act

1+be

This is an S-shaped curve, asymptotic to x = 0 as t approaches — infinity andtox= a as t
approaches + infinity.
Equation (1) shows that the percentage rate of increase of x is 100 (a~x)c.

i.e. it is proportional to the difference between x and its asymptotic value a.

Hf equation (2) is to give x = X when t= 0 then:

X(Q+b=a veeeno(8)
H, further the percentage rate of growth at t = O is known to be 100r per cent per year, then
cla-X)mr | ' RPN (Y]
Formula (2) may thus be put into the form. .
x= aX : R )
X+ lam x)e-m/(a—X)

in which the only unknown is the asymptotic level, a.

Thus a logistic curve can be found to correspond with the current actual level of vehicles per
head and with the current actual percentage rate of increase of vehiclcs per head. The curve is
uniquely determined by fixing the asymptotic level

APPENDIX 28

A cbmparison of the costs of Capital (that is, Plant) and Labour
Jatensive methods of road construction

The following note based on information obtained outside Malawi indicates how such o comparison
can be made provided certain basic data are available on costs, taxes, and plant and labour outputs.

Information is first required on depreciation and maintenance of plant, fuel and operator cosls,
fuel and ol taxes, plant and labour outputs for various operations and the works common to both

methods of construction.

The figures quoted as an example here do not necessarily apply to Malawi but can be modified
to confirm to local conditions.
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"] . . . * 3 *
The comparinon isx mast eanily made, i steps, in tabulur form an follows: costs are quoted
in Bast Mrican shillings, '

1. Hourly costs

Depreciation and Fuel Operator
Ttem of Plunt maintenance . ’
F.A. shillings E.A. shillings F.\. shillings
D, 81 1A tractor 52.00 29,38 254
Dovzer blade 6.00 - -
D. 8l tractor 70.00 36.72 2.54
Scraper 80 27.00 - -
Angle doser blnde 6.00 - -
Ripper 8.89 - -
19 RB face shovel 23.00 7.34 4.37
V=ton tipper truck 15.89 5.88 2.38

Depreciation and maintenance costs include an annual licence charge of 100 E.A. Shillings
for construction plant and say 88 E.A. Shillings for a 7—tons tipper truck,

Using an industrial average of 200 working houra per month which allows for holidays and
other non-working time: the hourly taxation deductions become

() Plant, 100 8h. _ 9,04 ghillings :
12 x 200

() Tippers 880 sh. . ¢ 37 shillings
12 x 200

Unshilled labour is rechoned to have an economic cost to the country (Malawi) in the long
term of 2.15 kilograms maize equivalent per man hour which in certain conditions can be equated
to about siapence per hour, that is, about four shillings per day. This is above the present statu-
tory minimum wage in Vialawi but due to future labour supply constraints, is considered to be a
reasonable long term reflexion of the opportunity cost of labour for use in this study.

Costs for operators and drivers are the standard industrial rates, including costs of social
security contributions, holiday pay etc. (See note (a) below). No profits or overhead allowances
are included and the capital cost of the machines is depreciated over their expected useful lives.

Fuel cost used in the calculations is 4.08 E.A. shillings per gallon and the tax element 1.75
E.A. shillings per gallon; the tax element is thus 175 x 100 = 42.89 per cent.
408

The fuel costs are thus reduced to 57.11 per cent of those shown above, since fuel tax is an
internal transfer payment.

Note (a) The employer’s social security contribution on behalf of the employee should
be included but not the employee's; as indicated in the paper on the value of
time 120
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2, The Evanomiv houely costs can now be caleulated ax in the following table

Economic houtly costs

Deprecintion und Fuel Operator Tatal
lem of Mlant maintenunee F.A. kA, F.A.
. AL shillings shillings shillings whillings
D 8L ractor 51.96 16.75 2,5¢ 71.25
Doser blade 6.00 - - 6.00
D 8l wactor 69.96 20.93 2,54 93.43
Seraper 80 26.96 - - 26.96
Angle doser blade 6.00 - - 6.00
Ripper 8.89 - - 8.89
19 B lace shovel 22,96 418 437 31.5)
T=tons tipper truck 15.52 3.35 2,38 21.25

3. An entimale needs to be made of plant and labour outputs. The following might serve as
examples in Malawi until possibly more accurate values can be obtained.

Operation Plant and labour outputs
Clear light bush D 814A tractor and dozer blade clear 0.41 acres per hour
17 men clear 1 acre per day
Remove topsoil -1 D 8H tractor and Scraper 80 move 120 cu.yd. per hour
2] men move 50 cu.yd. per day
Cut to crossfall D 8!l tractor and Angle doser move 150 cu.)d per hour
or camber 21 men move 50 cu.yd per day

i
Clear medium as for light bush

b 5h

Excavate gravel D 811 wractor with dozer blade and ripper move 100 cu.yd.
per hour

Load gravel und 19 RB face shovel and 3 7~ton tipper trucks load 31 cu.

transport to yd. per hour

site 2) men and 3 7—=ton tipper truchs load 85's cu.yd. per day

4. Works common to both methods need not be considered. Thesc might be listed as
{a) Drainage culverts (hand)
(b) Compaction and watering of carthworks and gravel smfucing (plant)
(¢} Spreading gravel und fill (plant)
(d) Fnnl cleaning up and tidying of shoulders and verges (hand)



S\ comparizon of costs can now be mnde ax in the following table for say 1 mile of 12 fuet wide

grvel road,

Operation | Unit | Quantity Labour Plant
Rate Amount Rute Amount

Clear light \ere | 225 T 100 (71.2516.00)

bush = (8.00 sh. 357.00 x1

' 0.41

-Z2C et hogbudbugben = 188.41 sh, 989.15 sh.
Remove L I [, -————

topsoil I i B e -TT==
Tatal X Y

6. The difference in costs can thus be obtnined by comparing the two totals \ and Y. Thuse vosts
do not represent the full cost of canstrueting a mile of road; they include only those items which’
would be carried out by the two different methods. '

Such a comparison as this could be done in Vlalawi and applied to districts where wages and
plant operating costs differ in order to determine the particular method most economical for the
prevailing local conditions.



APPECNDIX 2¢

Direct $orke and Feonomic Casts (2t 'resent Yalues) of voad

based en 1967 figeres -

pov mile of read

Read Road Tratlle Dasic Malatenance Roarsl overy sie yrore Regravel every ske yoars Tetal Conts
Classification Surface
22 faet width 12 feet width 22 feut wilth 12 foet widih
Divect Fconomic Direct Economic Direct Ecomemic Direct Economic Direct Direet l [ —
PV PV PV PV PY r.Y. P.Y. P Y. PY.
Year Year Year Year Yesr Year Year Veor Year
A ] rv t (AR L v 1 v t P.v ' P.v. |1 v 1 ry |1 v Presest Valars
11020 11020 1o 20 11020 11020 1te20 11020 Tte20 110 20 yeare
Years Yeare Years Yeare Yeare Years
2N e nhn 12 h
. t 1 1 [ [ 3 [} % z 1 [ 1 3
M BITUMEN 140 120 430 368 300 nr
1 030 900 2 296 1 9S 1 &2 1378 336 J2esz) 2zt | 2213
150 1%0 120 &00 Sty
1125 «h 3 204 z7T1y 4 12y 3
GRAYEL (1] 137 13 128 110 *
1 200 1 028 0 e 7 se2 (X ' NERARRItARE} ]
* [T ) s 141 113 130
1238 1 058 ”ns () 21V 1 039
- 100 175 149 ns 21y
[ IS 18} T 118 173 1 4% 3y z 0
EARTH 90 (average) .o (1]
400 s1e 600 e
190 300 37
2 250 t us 2230 I Nk -
CRAVEL 4% {average) e " 130 1723 10 9
as 70% [ ) a4 £ 1 302 1626 frasz] 1 3av 200
t00 120 103 ] 30 129
00 " 2 o2y 1136 z 2y 2307
CARTH 80 {average) 10 2]
25 450 s a5
o9 0 2317 Width varlable
z 230 1 2’ 2 250 3 7’
D EARTH L] s1
450 383 430 33

P.V. = Preseni Yalue,



APPENDIX 30

Note on the cstimation of the economic cosl of rond maintenance

Within the Ministry of Works and Supplics the determination of the finuncial and cconomic costs of
road maintenance is difficult. 'This is due to the costing system which does not provide sufficient
allocation and breakdownn of individual costs and to the costs of vaiious items being contained in a
number of votes. Thus the cost of a job as indicated in the estimates is not a true refiexion of the
cost to the Department. The following breahdowns were obtained for 1967 maintcnance costs and

are uscd to indicate how approaimate figures of Dircct Works costs and Econonnc costs were
‘obtained.

For 1967 maintenance ‘overheads' were equal to 100 per cent of the quoted departmental costs.
The breakdown of ‘overheads’ was as follows

1. Personal emoluments (a) H.Q. Supervision and Planning ¥ x 28%

(b) Site supervision % x 28%
2. H.Q. administration, postal services, telephones etc. 17%
3. Maintenance of plant 22%
4. Replacement of plant ' 33%

Total  100%
Total Direct Works Cost = Quoted departmental cost + 100%
= 2 x quoted departmental cost

To obtain the Direct Works Marginal Economic Cost items 1 (a) and 2 are subtracted from
the Dirsct Works cost and a further deduction (qv) is made to eliminate transfer payments,

Item 3 includes .~ slement of taxes on materials and which should be taken off as should the
fuel tax. Since only limited information is available on the proportions of these quantitics, 5 per
cent has been deducted to account for them and also for an element of social security payments.

Item 4 includes a proportion for depreciation which should be removed as the original cost
included tax. As only limited figures are available a deduction of 5 per cent of the replacement

of plant cost is removed. Thus to arrive at the Economic Cost the following calculations have been
made.

Departmental Cost + ‘Overheads’ = Total cost or Direct Works Cost

i.e. Departmental cost + 100% = Direct Works Cost for 1967 figures

Direct Works Marginal Economic Cost = Direct Works Cost — Item 1(a) = Item 2+ 5% of Item 3
8% of Item 4

E = Direct Works Cost | 1 .28 + 17 + 5§22 + _5_'&] x ‘Overheads’
3 100 100 100100 100100

E = Direct Works Cost — % [*Overheads’]

Note The quantity 20 (‘Overheads’), is what is customary to refer to as the normal overheads, As
100

a proportion of the Direct Works Cost they amount in this particular casc to 14.5 per
cent which is a reasonable figure.
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APPENDIX 31
Road construction costs by type of road, per mile of road,
(New road construction)

(Contract prices as at.31st December, 1967).

I Class IV | Class IlI Class II Class 1 Class I
em gravel gravel gravel bitumen 12 ft bitumen 22 ft

Formation width ft, 24 24 32 32 .32
Running surface ft, 12 16 18 12 22

Field survey L 275 275 275 275 275
Materials survey £ 89 89 89 89 89
Deaign £ 50 50 50 50 50
Aecrial photography £ 80 80 80 80 80
Alr photugraphs £ 13 13 13 13 13

000 3 000
000 6 000
000 9 000

Earthworks Light £ 2 250 2 250 3 000
including Medium £ 4 500 4 500 6 000
compaction Heavy £ 6 750 6 750 9 000
at 6/~s per cu, yd,

o oW

200 1 400
400 2 800 -
600 4 200

Culverts Light £ 800 900 1 000
£ 100 each 30 ft, Medium £ 1 800 1 800 2 000
£ 90 each 24 ft, Heavy £ 2 700 2 700 3 000

N

500 1 500

Bridges Single Width £ 750 + 150 1 500
000 2 000

£ 750 single light Double Width £ 1 000 1 000 2 000
£1 000 double light
£1 500 single heavy
£2 000 double heavy

nN -

Sub-base
4 in, gravel at 21/-8
per cu, yd. compacted £ 822 1 507

Base
6 in, gravel at 21/-5
per cu, yd. compacted £ 1 232 1 642 1 848 1 232 2 259

Shoulders .
(2) Total thickness [eathered to
nil over 2 {t. at 21/-3
per cu, yd, compacted 3 205 205 205 342 342

Stabilizition
4 per cent cement at £20

per ton, over running .
surface plus 2 [t £ 1 370 2 350

Stabilization
processing and compaction
at 50 per cent of cement cost £ 685 1175

Surfacing Single  Double Single Double

Single or double surface
dressing

Prime |
M.C.O., .15 gall, por
5q. yd. at 3/4d, per gallon 176 176 323 323

First Seal
80/100 pen ot ,22 gall. per .
8q. yd, st 2/11d. per gallon £ 225 225 415 415

Sccond Seal - as First £ 225 415

Losses - )0 per cent £ 40 63 (L] 116




APPENDIX 31

(continued)
Item Class 1V | Class 11l | Class 1} Class ] Class )
gravel gravel gravel bitumen 12 ft. bitumen 22 ft,

Chippings Single Double Single Double

1;_ln. at 90 sq, yd. per ton -

at 60/-s per ton £ 235 431
Spreading .

Bitumen and chippings - ‘

50 percent of cast of hitumen ond

chippings £ 338 622 ,
Double Surface Dressing h

First application § in, :

70 sq. yd. per ton at . !

60/-s, per ton £ 301 552

S«rond application 3/8 in, :

110 sq, yd, per ton at

60/-s. per ton £ 192 353
Spraying and spreading p

at 50 per cent of cost

bitumen and chippings £ 591 1 087
Total for surfacing £ 1 014 1773 1 865 3 261
Total conutruction cost

range, excluding £ 5 844 6 254 8 060 11 672 12 43) 15 905 17 301

compensation {or loss to to to to to to to

of crops - range £ 12 394 12 804 16 560 20 572 21 33 25 205 26 601

NOTE  The lower cost figure in each case refers to the condition of
per mile and least amount of earthworks.
culverts per mile and maximum earthwork

single width bridging, least number of culverts
The higher refers to the condition of double-width bridging, most
+ Other combinations can be obtained by summing the appropriate

costs,
Compensation
Average amounts
paid on projects
including 15 per cent H.Q. R
administration cost. £ 30 30 40 40 40 40 40
Total Contract £ 5 874 6,284 8 100 1 72 12 471 15 945 17 341
—ee— to o o 0 to to t
Cost (including 15% profit) £ 12 424 12 834 16 600 20 612 21 37 25 245 26 641
£ 766 820 1 050 1 528 1 62 2 080 2 262
Ezofit (15 per cent to to to to to! to to
of basic contract cost) £ 1 621 1 674 2 165 2 639 2 788 3 293 3 475
Direct Works Cost £ 5108 5 464 7 044 10 184 10 844 13 865 15 079
to to to to to to to
Margins] Economic Cost £ 10 803 11 160 14 435 17 923 18 583 21 952 23 166
Direct Works Marginal £ 4 367 4 672 6 023 8 707 9 272 11 855 12 893
Economic Cost to to to to to to to
[Direct Works Cost £ 9 237 9 542 12 342 15 324 15 889 18 769 19 807
-14.5 per cent (overheads))




APPENDIX 31
1 continued )

In making these estimates of construction costs various assumptions have been necessary'
to allow for variations in terrain and drainage conditions.

For the purposes of calculation of the following values have been used per mile of road.

Earthworks Road Class Road Class
(Volume) 1Vand III - I and I
Light 7 500 cu. yd. 10 000 *
Medium 15 000 cu, yd. 20 000
Heavy - 22 500 cu. yd. 30 000
Culverts Road Class Road Class 1
(No. per mile) 1V and III Road Clase IT Bitumen
12 ft. 22 ft.
Light 10 at £90 each 10 at £100 each 12 at £100 each 14 at £100 each
Medium 20 at £90 each 20 at £100 each 24 at £100 each 28 at £100 each
Heavy 30 at £90 each 30 at £100 each 36 at £100 each 42 at £100 each
Bridpes Road Class Road Class
=rces 1V and 10 I and I
Single width & 750 per mile of road &1 000 per mile of road
Double width £1 000 per mile of road . &2 000 per mile of road
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APPENDIX 32

Rond conutruction costs for crap extraction and district ronds (carth surface)

Departmental cost
Ttem per mile
Stage (a) Stage (b)

Planning, field surve), design £50 £50
Farthworks, ven variable 200 150
Culverts 23 - per lmew foot, sav 16 ft culverts, 1.e. £20
per culvert, sm 3 culverts per mile 100 100
Bridges £300 - £2000 per bridge
approximatels 150 per mile 150 150
Total Departmental Cost £500 £450
Add 100 per cent for \linistry and Departmental ‘Overheads’ £500 - 50
Total Direct Works Cost £1000 £900
Direct Works Varginal Economic Cost = Direct Korks Cost ~ £1000-~ £600~
29 per cent of ‘Overheads’ £145= £131=

£855 £769
Contract Cost = total dircet works cosl + 15 per cent profit £1000+ £900+

£150= £135=

£1150 £1035
Compensation for loss of crops and buildings £25 £25

It must be emphasized that these figures are approximate only and refer to conditions of gently
rolling ground requiring little earthmoving and a minimum of drainage works.
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APPENDIX 33

Road construction costs of upgrading an earth road to
Class IV Gravel standurd

Item Cost per mile

Field rurver — assumed done before for nil

Desrign the original road nil

Materinls survey — location of and testing gravel £25

Farthworks — ndditional to those already done £1100

Culverts — additional culserts, repairs and replacements £350

Bridges — strengthening eisting Lridges replacing damaged parts £325

Base ~ 6 in gravel over 12 ft width and shoulders £715

Total Department Cost £2515

Add 100 per cent for ‘Overheads’ £2515

Total Direct Torks Cost . *  £5030

Direct Works Marginal Leonomic Cost = Total Direct Works Cost— £5030 —~ £729

29 per cent of overheads = £4301

Contract Cost = Total Direct Rorks Cost + 15 per cent profit £5030 + £755
= £5785

Mote These figures are approximate and apply to gently undulating ground. Hilly ground would
require greater earthworhs. It is assumed that the pipc culverts and timber decks of
bridges are not all replaced by concrete structures which would add appreciably to the cost.
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APPENDIX 35

List of persons outside the Malawi Government contacted in Africa

His Excellency Thomas Tull, Esq., C.B.E., D.5.0. British 1high Commissioner

K. J. Tindsor First Secretary British High Commission
Lt. Col. R. H. Gamen, M.B.EE., Defence Adviser, .. .. .

S. Othello Coleman Execotive Director 1.B.I.D. (World Bank)
V. H. Gale, O.B.E. Chairnan, Malawi Development Corporation

Chayman, Malawi Railways
Acting Chairman, Farmers Marketing Board

D. G. Mann - Acting General Manager Malaw: Railways
F. Lacey Chaiman, Motor Traders Association of Malawi
. General Manager United Transport (Malawi) Lid.,

E. A. Sanford Maneger, Shell (Malaw1) Ltd.,

A. Mlahommed Mnlawi African Road Transporters

B. Bessani Associnted (MARTA)

K. Kunze

T. Moser U.S. AID Officer Malaws

J. Van Dijck 1.B.R.D. office, Nairohi, Kenya

R. G. Smith , Director, Enst Africa ‘I'ransport Study for LB.R.D. and
East African Community Nairobi, Kenya

P. Arlidge East Africa Transport Study, Narobi, Kenya

J. D. G.F, llowe . East African Transport Planning Research Unit,
Nairobi, Kenya

E. Irgens Ministry of Works, Naurobi, Kenya
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R. B, Olliser Keonomist Intelligence Unit (South Alrica), Johannesburg

D. R, Beatty Ministry of Feonomie Affuirs and Development Dar-es-Salaom,
Tansania
I, Smith Fast Africa ‘Transport Study, Nawrobi, Kenya
G. Williume . Principal, The Polytechnic, Blantyre
R.\L Dean Economic Adviser, 1.B.R.D.
W. Jaycon Fconomic Adviser, 1.B.R.D.
i APPENDIX 36
Metric equivalents as used in the calculations in this report

1 foot = 0.3018 metres

1yard = 09144 metres

1 mile = 1609.35 nietres

= 1.60935 kilometres
11b = 0.45359 hilograms

1ton (long) = 1016.05 kilograms
= 1.01605 metric tons
1 cu.yd = 0836131 sq. metres
1 acre = 0.404687 heclares
1 8q. mile = 259.0 hectares
= 2.59sq. kilometres
1 metre = 3.2808 feet
1 kilometre = 0,62137 miles
1 hilogram 2,20462 lbs
1 metricton = 0.9812 long tons
s 2204.62 lbs

1 hectare = 247104 acres
CODE OF SYMBOLS USED IN FIGURES | - 6
Region District Symbol
Northern Mzimba o NA
Rumpi o Rl
Nkata Bay o NY
Karonga o KA
Chitipa ¢ CA
Central Ncheu A NU
Dedza A DZA
Lilongwe A LE
Salima A SA
Dowa A DRA
Nichisi AN
Mchinji LA M
Kasungu - A KU
Nkots Kota A NA
Southern Nsunje O NK
Chikwawa 0CA
Cholo 0o
Mlanje O MK
Blantyre (eIt
Zombu Q 7ZA
Kusupe QO RE

FFort Johnston O N
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