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PREFACE 

Each year the Overseas Development Administration (ODA) 
comissions 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 conclusions are attributable 
to the authors, who are finally responsible for their 
contents, and not to OA. 

Evaluation Unit 
Manpower and Evaluation Department 
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INTRODUCTION 

PART I 

1.1 Following a request from the Malawi Government, 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 

Mlalawi for 5 weeks whilst the two remaining members of the team were there for approximately 4% 

areas and there was extensive travel overmonths. During these periods visits were made to many 

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 many Malawian 

Government departments and commercial organisationa and the British High Commission. 

Terms of Reference. 

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

To analyse the existing and planned feeder road network throughout Malawi to determine(a) 
the extent to which it is adequate for the requirements of presert and future agricultural 

production, population density and growth, an d future patterns of economic and social 

now the subject of detailed invesdevelopment. This analysis should include the areas 
Team'stigations by the American Feeder Road Team, using the results of the A.ID. 

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 outlint. of a National Feeder Road Programme, 

on appropriate standards and methods of construction.including recommendations I 



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 %ithout, firstl) 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 Malawi. 

lalawi 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 de elopment of %lalawi'stransport systems. Decisions at high level remain to 

be taken on some of the recommended projects. The latter include the future of the railway from 

Balaka to Salima, the possible development of Liwonde as a river port and the extended use of 

Lake %lalawias 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 agricultural economics, transport economics (with special reference to road trans

port), and road design and construction. Existing data within the M1alawi 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. 

Rith the agricultural data estimates have been made of possible future crop production and 

indications are given of the areas where development would be concomitant with a programme of 

feeder road construction. From these data estimates have been made of future transport demand 

if feeder roads are constructed in the areas of greatestand the economic benefits which may ensue 

Road design standards have been suggested for feeder roads primarily onagricultural potential. 
the basis of the highest economic rate of return consistent %ith overall economic objectives. 

In this survey a feeder road is defined1.3 Authorities differ in the definition of a feeder road. 

as a road whose principal function is to facilitate the despatch of agricultural produce from the
 

or from the lesser markets and buying
farm or estate to the village market or local buying centre 

centres to major markets of Farmers' Marketing Board (E.M.R.) depots. Such a road could well be 

an existing Branch, Estate or Unclassified road or even a Secondary road. 
2 



AGRICULTURE
 

PART 2
 

2.1 There is ample 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 Malawi 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 

important perhaps is that farmers are probably well aware of the opportunity costs of their own and 

their families' labour when taLing up temporary employment outside Malawi. 

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. 

ndeed, the evidence of rice producing regions in other parts of the world suggests that, given the 

at the disposal of the farmer in Malawi. it is . _p te of technology and factors of production 

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

increase in population densities. Yet certain other non-rice growing districts will become food 

deficit areas within the next 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 Nialawl 

1 has been taken as the basis of calculation.Crop Potentials 1Q6--109-

2.2 4 convenient unit of measurement 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 

after making allowance for village craftsmen and tra
may be taken as one quarter of the whole -


The population statistics used in calculating land/man ratios (hectares per adult male)

ders. 

were obtained from the M1alawi Population Census 166 2 .
 

The low land/man ratios for the Cholo and Chiradzulu districts shown in Table I 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 several farmers in Kasupe district, where land is not limited, who had
 

migrated from Cholo district because land had become scarce. 

3 



TABLE I 

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

Region/District 
Land/man ratio, 

totbasls.area
bass. 

Land/man ratio, 
total culti- Ratio of culti-
vable area vable area to 

basis, total area 
hectares per man percenthect~es ermn pecentman 

Land/man ratio, 
total clear field 
area basts (u) 

hectares per 

NORTHERN 

Chitipa ) 23.58 1.04 34.1 1.52 
Karonga I 
Nkhata Bay 21.15 5.73 27.1 0.41 
Rumpi 43.74 12.56 28.7 1.35 
Mzimba 19.01 13.58 71.4 2.95 

CENTRAL 

Ncheu 8.35 4.71 56.4 1.96 
Dedza 6.47 4.11 63.5 1.65 
Lilongwe 5.56 3.72 67.0 2.04 
Salima 8.27 6.11 73.9 2.14 
Dowa I 
Ntchisi ) 20.84 11.79 56.6 1.89 
Nkotakota 
%lchinji 11.16 9.06 81.2 3.16 
1Xasungu 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 6.1.1 51.8 2.67 
Cholo 3.31 0.89 26.9 0.82 
%llanje 3.60 2.16 60.0 1.42 
Blantyre 9.0 4.08 41.2 2.30 
Zomba 3.86 2.18 56.- 1.42 
Kasupe 10.93 8.84 80.9 2.20 
Ft. Johnston i0.0o 7.12 64.h% 1.78 

"Clear field area includes grazing and fallow 
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Next densely populated is %lanje district, and to a lesser extent 7omba district; these dis

tricts become deficit areas in 1QRfl and IQRArespectively - or thereabouts, fy contrast, total area 

per man engaged in agriculture in the North is a clear indication of the relative isolation of this 

thlinly-peopled Region. Past experience in Africa has been that under these circumstances farmers

Itend to practice extensive rather than intensive cultivation, with little or no increase in yield per 

unit of area. 

recast of export crop traffic given in Appendix 1, 4hich is based on a population growth 

rate 2.. rcent per annum and an overall increase in c/r yields per unit of area of 1 per cent 

per a 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. Meanwhile, 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 lalawi, because about one-sixth of the labour force is always working 
3
outside MIalawi . 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. 

Wlth the present techniques Qf production and structure of the labour force, Malawi 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 

can never sink below 42 perthere is a fundamental change in cultural practices, the labour force 

cent of the population without food import. This implieb that there should be a transfer of labour 

it must alsoout of subsistence production, and that hired labour must be applied to cash crops; 

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 0.3; kg. maize 

1Q'39, and our findings confirm this figure forequivalent per man hour for cotton as long ago as 

subsistence production. 

years grace still, but \lalawiThe low population density in several districts allow a fe 
Larger farmers in Chikwawa districtmust plan for an agriculture that does not have labour peaks. 

of 2.15 kg. maize equivalentwere found to be applying hired labour on a regular basis at n wage 

per man hour, because 'cotton pays and it is better to stay here than go to R1hodesia'. This is 

consistent with the long-run opportunity costs quoted by other workers for East Africa, which range 

between 2.Onf 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 

armcrs, which therefore tends to be
Malawian labour is able to command when working for local 

S 



the minimum cost at which this factor of production can be obtained by cotton producers. If the 
farmer cannot pay that %age in the long-run, he will not get labour. The forecast of export crop 

traffic for the evaluation period 1070-100A in Chikwawa assumes that hired labour will be applied 
to the cotton crop. 

1.3 lalawi is a land-locked country comprising about 11Q,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 30"0 meters. The distribution and total 

precipitation of rainfall consequently varies quite widely between regions and districts within 
regions. 

Chikwaina, for example in the Lower Shire Valley has a mean annual rainfall of about 76.2 cm. 
almost all of which falls during a short wet season between November and April. Inthe extreme 
north, rainfall may be as high as 230 cm. to 305 cm., even in the Northern Region, howevei,'much 
of the area - notably in \lzimba and fumpi districts - receives an ahnual rainfall similar to that 
experienced by Chikwawa in the Southern Region. On the other hand, rice - the principal export 
crop grown in lKaronga district - requires considerably more water than other crops; for rainfed 

paddy this may be estimated at a minimum of about 153 cm. - 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. 

r" ", ) 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 

fV'~production of this largely subsistence economy. The methods of transport available to the 
lalawian farmer were found to be so costly that produce has only to be carried a relatively short 

distance before much of its value fr6m the point of view of net returns from the sale has disappeared. 

Inpreparing the forecast of export crop traffic, reference was made to estimates in Malawi 

Crop Potentials 1Q65-85, 1 the Report on a Socio-Economic Survey conduced in Selected 4reas of 
the 'Lilongwe Plateau' 5, the concurrent study of home economics aspects6 , the Study of Pro

gressive Farmers in \lalawi 1962-647, the reports of the FAO on the Lower Shire Valley Project 

and the Land Development Project in the Lilongwe Region, and the World Bank's review of the 
in addition, reference was made to an earlier %ork4 of a nutriagriculture in the Northern Region. 

tion survey in a hill, foothill and lakeshore village in l93R-Q, 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 M|alawi. 

The aim of the forecast is to establish the probabljoutJow f culral produce over the 

next twenty years or so, concomitant with an adequate feeder road-network. For this purpose, the 
was taken as the basis ofcultivable area available in each district according to local sources' 

the calculations.
 

6
 



TABLE 2 

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

(flased on sales through the Farmers' Marketing Board)
 

Export crop 
Region/Dlistrict extraction traffic(a) Principal export crops 

metric tons 
NOIlTHiEI N 

Chitipa 2.54 Coffee 
Raronga 2,220 Paddy, seed cotton 
Nkhata flay .S5 Paddy 
Rumpi 2,073 Seed cotton, groundnuts 
itzimba 3,qlO 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 2,889 Tobacco, groundnuts 
Mchinji 5,301 Groundntots, tobacco 
Rasungu 5,761- Groundnuts, tobacco 
Nkotakota 1,463 Paddy, groundnuts, seed cotton 

TOTAL 82,172 

SOUTHEBN 

Chiradzulu 4,583 Marketable surplus of food crops 
Nsanje 6,183 Seed cotton, groundouts, paddy 
Chikwawa 21,968 Seed cotton 
Cholo 17,436 Marketable surplus of food crops 
%flanje 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 market have been to a 
large extent the surpluses of local subsistence farmers. 

7 



2 
It seemed appropriate that the forecast of the probable outflow of the agricultural product should 

be taken in two steps, firstly by estimating the area which could be utilized for the production of 

.n 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 fced the pre

sent population and that utilized for cash crops, formed the basis of the forecast. Included in the
 

Oa"btjA. forecast, however, is an estimated increase in yield of the present National agricultural product at
 
t ' , , the rate of I per cent per annum (excluding esta'e'loductjon). Past experience in Africa has
 

- eenn that farmers tend to practise extensive rather than intensive cultivation with little or no increase 

in vield per unit of area. In fact the evidence is that yields may even fall and that- -he 
rise, 2 per cent per annum is about the maximum. I1 1% WVVV 2." , . I.-
. .... . ,( t .. . ,'t',€r..- ',"l":.

,
Lt,3 The area coming into cultivation due to the increase in population was then calculated on the 
w v 1 . 'assumption that 2 per cent of the population is actively engaged on the land and that, with given
 
rt.Z~9,, techniques of production and present practices of extensive agriculture, one worker can cultivate
 

, 1 0.7i hectares of food and cash crops (weeding being the limiting factor). Land required to fled the
 

increased population, assuming a rate of population growth of 2.7 per cent per annum, was deter
mined by multiplying population by 0.3035 hectares as indicated by Hoffman5 that at least this 

area per person should be set aside for home consumption unless yields of more than 1350 kg,/ha. 
can be expected continuously. Hoffman's estimate5 is net availability for consumption after allowing 

S25 per cent for on-farm storage losses of maize (which was found to be of this order of magnitude
 
h,where rat and pest infestation had damaged crop in stores inspected during the visit), and for seed
 

requirements.
 

CL The secon-dstep estmte te yield which may be expected on surplus cultivable area newly':" ;,X,t!,..openedup for export production with increased population. Here it was assumed that the most 

. suitable crop for expansion of export production would be cotton, and that it would be sprayed to .-J a 
I .. give a minimum yield of 785 kilograms per hectare (1700 lb per acre). It is known that inthe , ,. .,v h 

' -Lower Shire River yields averaging 675 kilograms per hectare (602 lb per acre) have been obtained 

even without spraying, in a year of most favourable weather conditions and this is therefore con

'" - to be a conservative estimate of potential export production from the cotton crop providing.sidered 

*T:. .. ,,. farmers adopt spraying as a matter of routine. 

(iJ..L%. at(a In a year of most favourable climatic conditions, 19.56-7, such yields were gained by the 

Cotton Research Corporation from experiments on unsprayed cotton on African gardens; In 1965-6 
yields from sprayed cotton ranged from 675 kilograms per hectare (602 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 fllantyre plateau; these 

areas, which %ere impossible for cotton production because of pests before the introduction of 

spraying, now have ahigh percentage of sprayed cotton. Areas where there is the greatest poten

tial for increased cotton production are given in Appendix 3. 

Those districts of the Central legion, notably on the Lilongwe Plateau, which are not suitable 

for cotton production can be expected to obtain yields reaching 79S 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 awoman's crQp. Similar yields of marketable sur

pluses from maize may also be expected, if not exceeded, to meet the increasing needs of food 

deficit areas, and to feed a growing urban population. 

A,minimum of 7R1 kilograms 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 population is too low. If the main potential for agricultural 

development lies in heavy concentration on increasing the area under cotton in the next two decides, 

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 should 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 increase accelerates faster than agricultural productivity, the surplus of cultivable
 

area will decline until sooner or later it will become zero and the district will become a net Importer.
 

2.4 The economic importance of high value export crops is clear from Appendices 4 and 5. Maize 

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 

A factor of great importance, however, is thepreponderance of maize in the export crop traffic. 


grading result of the high value tobacco crop, and of cotton, since the percentage of low grades in
 

the 1Q67 crop adversely affects 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 must be the provision of an

an efficient transport system. Appendix 16adequate feeder-road and improved road network, and 

indicates that traffic density is at present extremely low, and this is not unotlated to the fact that 

the proportion of product entering the markiet decreases sharply as buying points are sited farther 

This is because, with the costly methods of transport availand farther away from the main roads. 
over ashort distance before most of its value,

able to the farmer. Farmerhiave only to carry produce 

from the point of view of net returns from the sale, has gone. 

9 



TABLE 3
 

The cost of different methods of transport from fnrm to buying point in .Maluw(g)
 

lethod and type 
f country 

PORTER AGE
 

Undulating 

Flat 

Undulating 
Steep escarp-

ments 
Precipitous: 
headloading 
only means 
of transport 

OX CART 

Flat(d) 

Flat 

Rugged 

BICYCLE 

Flat, undulating 
in parts 

In same area 
where no 
motor vehicles 
competing 

MOTOR VEHICLES 
(5 ton trucks) 

Undulating 
Flat 
Rlugged(f 

Same area 

Product 

Tobacco: fire 
cured 

Tobacco: fire 
cured 

Seed cotton 
%laize 

Coffee 

Groundnuts 

(shelled) 

Tobacco: fire 
cured 

Tobacco: fire 
cured 

Maize 

Maize 

Maize 
Maize 
Tobacco: fire 

cured
 
Seed cotton 


Length of 
journey 

kilometres 

8 

21 

R 
5-6 

6 .4 (c) 

8 

21 


21 


16 


16 


96 
14 

40 


14 

*Heavier load is carried over shorter distances 

Transport cost 
expressed as 

Transport cost kilograms maize 
equtvalent per 

ton kilometre 

2/6d per 32 kg(a) 37.2 

3/-d per 13.6 kg 4,.5 

2/6d per 27 kg (b) 49.6 
2/6d per 30 kg 64.9 

3/6d per 13.6 kg 173.6 

10/-d per 798 kg(e) 6.8 

22/6d per 408 kg 11.3 

70/-d per 476 kg 30.2 

3/-d per 68 kg 11.9 

6/-d per 68 kg 19.9 

2/6d per 90 kg 1.3 
2/-d per Q0 kg 6.8 

10/-d per 113 kg 9.6 

1/6d per 36 kg(b) 12.6 

bBulky 
in thits areaMlotor vehicle transport scarceCproducers refuse to headload further distances 

fNarrow valleys, but main road (gravel stan
eDistance relatively short so producers tend to over-

dard) passes through district
load 
three hundred buying points throughout Malawi


BThe Farmers' Marketing Board have some 

10 



TABLE 4 

Farmers' Marketing Board rates for (a l motor vehicles conveying agricultural 
freight from 300 buying points to their storage depots 

kilometre Kilograms maize 

Crop Pence per ton equivalent per ton kilometre 

%laize 4.80 1.73 

Pulses 4.96 1.78 

Paddy .5.14 1.85 

Groundnuts 5.99 2.15 

Seed cotton 6.17 2.22 

Tobacco 6.17 2.22 

Fertilisers(b) 5.14 1.85 

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

(b)hnward 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 Kapora (extreme north) to Nkhota Kots (Central Region) 

LKilograms maize 
Lake Distance Pence per ton kilometre equivalent per ton kilometre 

483 km 6.28 2.26 

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. (See 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; it is said that the cost of moving it will be high since it takes 'a 

ix-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 a hard day's work. 

The construction of feeder roads in areas, 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. 
II 



ECONOMICS
 
PART 3
 

3.1 Feeder roads have been defined earlier in the report. In this section their economic environ

isent is discussed. The existing policy and situution is reviewed along with previous relevant 

reports and techniques of appraisal are outlined %ith 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 

Appendix 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 ar.d Supplies
 

CONSTInUCTIONq MAINTENANCE
 

Year Bitumen Gravel Earth Total Bitumen Gravel Earth Total
 

LO00s L00s £OOOs 00s £00s LOOfs L00s £000. 

90 170 	 192%1064 0 80 424; 117 33 

1065 107 638 4.5 70 46 125 36 207 

21711066 154 780 34 968 40%, 138 39 

1967 132 361 76 570 40 1.56- 4014 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 fecder roads constructed over the past six years has been on average, 

97 miles per year. In the 1969/1971 Development Programme £240,000 (£90,000 per year) has been 

allocated for expenditure on feeder roads; no further breakdown is available. It is one of the pur

poses of this Report to advise as t~othe economic returns from 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 as detailed in Appendix 34, particularly the Hill Report8 , the World 

Bank Mission Report0 and the further I.B.R.D. Reports. It will be recalled that the Hill Mission 

was of the opinion in 1965 (pars 33) that a disproportionate investment on trunk roads existed as 

compared with the feeder road system. It continucd (para 36) that there was amost urgent country

wide need for the early construction of a network of crop extraction roads. The basis for such 

12
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views was that, in the opinion of the Report, Malawi cannot afford to wait for years until a 'proper' 

return Is realised on road development expenditure and that further regard should be paid to the 
|relationships of costs to benefits. Nlthough it is the intention of this report to indicate how a full 

analysis of costs and benefits can be effected through adeeper probing of the wider macro-economic .
 
the view of the Hill ReportA that Malawi cannot"w' j benefits, it is not possible at this stage to cndorsce 

afford to init until a 'proper' return is realised. It would be highly desirable to quantify this return 

and thus iniiate the relevant rate of return for Nlnluwi at its Ylesent stage of de.elopment. The 

releaut section of the Vorld Bank ileport it devoted mainl) to revicing the major road projects; 

ho%%e~er it does state (pars 51) that grcnter conbideration and financial provision i,no%% being 

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

Following the visit of .B.T,.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 then 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 .B.R.D.1 0 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 I.B.R.D. and no 

results are yet available. The Road Development Studies for the then Regional Governments of 

Western, Eastern and Northern Nigeria by the Economist Intelligence Unit were discussed with the 
. TheseE.LU. representatives in Nairobt; the former has been described in detail elsewhere1 1 

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 in that in all cases the other Reports were of a more detailed nature and that considerably 

devoted to their production. Whilst it is well more resources, including computers and time were 

beyond the Terms 8f Reference and resources available to this team to produce a similar compre

it is possible to indicate the techniques recommended should a more detailedhensive study here, 


study in certain areas be thought desirable.
 

the national economy in this study. The Ministry of Finance 
3.4 It is essential to include a forecast of 

have forecast a 7per cent annual growth in the short term in the momentary sector of the Gross Domestic 

can be regarded as a principal
Product (GDP). The achievement of this rate of economic growth 

objective of Mala%%i's economic policy, although such growth is constrained by the external debt 

servicing ratio and foreign exchange shortages. This is, of course, avariation on a very familiar 
There are however 

theme. It has been nseA in interpreting the Terms of Reference for this report. 
firstly alternative objectives

certain inherent limitations which need to be taken into account: 


may have to be foregone, 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 

These points have been discussed with the Ministries of Finance 
the high value export crops. 13 
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and Ecnoiic \ffuirs. 

%scompared with other developing countries In Africa, Mala%i is relatively underdeveloped. 

1 kTh national incoie per head is about $45; excluding expatriates it is estimated to be about $25 

'land is one of the locst in the v.orld. %lalawi is therefore at the stage in its economic develop

ment whereby investment needs to be concentrated in the basic economic infra-structure. Other 

relevant transport economic statistics are shown in Appendix 14. 

Building or improving a road produces numerous economic, social, cultural, political and 
-~ " e other effects. The different economic and non-economic aspects of development are intimately 

interwoven and mutually dependent, they are not mutually exclusive. hilst it is of course extremely 

difficult to quantify to a very high degree of accuracy all these effects, quantification is required 

in the application of economic criteria in order to obtain optimal allocation of the available scarce 

resources hlach is recognised as the major means of obtaining economic growth. 

This study can be regarded 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 Report 12, at table 2.1. 

The method of appraisal used is that which has come to be known as 'Cost Benefit Analysis', 

and the opportunity is taken for the benefit of Malawi 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 

of the various measures of economic return - Internal Rate of Returnresult can take the form of one 

Net Present Value (',.P.V.), First Year Rate of Return (F,.T.R.) or Cost/Benefit Ratios(IR.R., 

(C.B..). As this study.intends to set out some order of priorities, the measures which enable this 

to be more clearly demoustrated 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 return 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 

still,with other social investments,later stage to compare investment within transport, and later on 


housing and education for example.
 

It is of course necessary to establish what a reasonable rate of return is for lalawi. Expert 

on this point (see also)12 ' 13 which in theoretical language is the
opinion has been counselled 

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 jam tomorrow). 

this compares with for example R per cent for
It is considered that the test rate should be 12 per cent -


Great Britain, about 11 per cent for France (under VI Plan 1071/75) and 12 per cent for Thailand.
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The present World flank test rate is R tper cent but this excludes secondary effecth included in this 

report via the multiplier (q.v.); where the multiplier for lalawi is included the World [lank dihcunt 

rate is 12 per cent also. There arc some complications if budgetary constraints arc quantified to 

on the rate of return but this is felt to be too complex for adevelopingthe extent of their effect 

economy such as %lalawi's. 

It is also necessary to establish the probable lives of the assets being considered for invest

ment and to "onipare them with the appraisal period. Although this study covers the period 1061/74 

and all values are quoted in constant prices discounted as at let January 106A, the period of evalus

tionis assumed to be twenty years. Tiis is 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 adiscount rate of 12 per cent, 

an evaluation period of 2) 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 turn re-spends part of this income, leading to another round 
p ,..of spending and so forth. Therefore the increase in net national income is in excess of the original 

savings and such a relationship is known as the 'multiplier', 	thus secondary effects are included..-

The multiplier is determined by (the reciprocal of) the marginal propensity to ;ave, tax andimports, 

Reference to the Tan-Zam study 14 shows amultiplier of 1.2 to 1.3 for neighbouring countries but 

it is our opinion and that of the Malawi Ministry of Finance, following discussions with represcn

tativcs of the World RTank (I.13.T.D.), that a multiplier of 1. 	 is relevant for %lalali 

This figure has been used to estimatedue to the higher propensity to consume in poorer countries. 

the true impact on the economy of the above additions to net national income. 

TaxationIn this appraisal it is of course necessary to consider taxation (see Appendix 13). 
is


is uLally regarded as a transfer payment from one section of society to another and as such 

excluded from economic appraisals dealing with optimal resource allocation as no resources are 

consumed by tax payments or credits. It is therefore necessary to exclude taxation, in generul, in 
con-However it is necessary to include taxation whep

socio-economic appraisal exercises (q.v.). 

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 

There is however, one small exception developed later in pnra 3.10. 
course, excludes taxation. 

3.5 	 As Indicated in pare 3.4 the recommended method of project or scheme appraisal is by Cust
 

In this section it is proposed to restrict the analysis to those costs and belie-

Benefit Analysis. 
fits immediately associated with the project, in this case traffic on a micro-economic vieA; the 

wider macro-economic view will. be discussed later. The procedure used in developed countries 

has been adjusted accordinglyto suit local circumstances so as to be applicable in developing 

countries such as Malawi. 
15 



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

These items are now discussed in a local'context. 

(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 12' 15,-21 were 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 aseries 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 stisfactory 
to use the above typical truck. 

Detailed coastings 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 toss 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 
16 



sum narized12 . In the Malawinn context it is thought that only savings in truck crowh' time would 

be relevant in a feeder rands irvey and that savings in private cur and bus pussongurs' timu can 

be safely ignoted. Savings in truck crews' time are included in the values shown in vehicle opera

ting costs in (a) above (see also 3.6). 

() %ccidentsavings - in a developed society savings accruing from accident savings can 

shows that the total cost 

Similar calculations, 
form up to 25 per cent of the total benefits. A report relating to Kenya 2 2 

of accidents there i us equivalent to 1 per cent of the gross national product. 

0) show that the position in Malawi is relatively worsebut on a more restricted basis (Appendix 

than in Kenya and now amounts to a loss of about 0' million per year. Analysis of accident statis

gravel and earth roadstics show Ihat high-er p-ojipcri3i of "tlefataland serious accidents occur on 

It isdespite their having significantly less traffic flows than on bitumen (Appendices Qand 10). 

therefore essential to include in the appraisal of a feeder roads scheme benefits accruing from 

It is suggested that the following approximate costs be used 12 '2 2 .
reduction in accidents. 

TABLE 7 

Cost per average injury/accident 

TYPE OF ACCIDE'NT COST 

£300Fatality 

£100Serious injury 

£ 10Slight injury 

Administrative and damage £100 
costs 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 French 20 . It is known as a 'bonus' and is valued at 

(2d per mile). It is not thought to be relevant to feeder roads and is there-
Fr. 0.03 per kilometre 


fore excluded, but should be borne in mind for major road operations.
 

a review has been made of the inputs required for construction of 
-(e) Construction costs 

Theselocal and imported materials, plant and equipment etc. 
new and upgraded roads - lubour, 


The latter involved the elimination of taxa
have been costed on financial and economic bases. 


Overhead cxpcnditure as at present regarded in %lalawineeded to be re-allocated
 
tion (see 3.4). 

so as to reflect individual project expenditure. An approximation based on international comparisons 

15 per cent addition 
is IS per cent of local or direct %orks costs. Similarly tender costs need a 


The following economic construction costs

ic at financial costs.for Ministeriai overheuds to .i 

17 



per Lilometre (mile) of road by surface were calculuted from Ministry of lAorks and Supplies sources. 

TABLE 8 

Economic construction costs for new and the upgrading of, feeder roads 

Upgrading from earth
New earth road to gravel 

I per kan tper mile Zper km Zper mile 

500o Ron 26.50 4300 

(M Maintenance costs - a review has been -mrde on the same basis as for construction costs. 

Mlaintenance costs are a function of original construction and upgrading cost and average daily 

traffic flow (A.D.T.). It 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 Ministry of Works 

and Supplies sources. 

TABLE 9 

Economic maintenance costs for new feeder roads and change in economic 
mantenance 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 

Cper km Cper milc £per km £per mile Xper km £ per mile £per km £ per mile 

3n i 230 370 . 25 ii + 40(ii0 + 0 (i) +0o (i) 

(1) 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) lighway 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 coats increase significantly then Inclusion is recomi 

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 
18 



probably npariculture to transport). In Malawi alnost all the land is already Covernment owned but 

the loss of resources to the nntion 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 needs to be included as an economic 

cost. Where the land is privately owntd 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

ient and self-help from the Malawi Congress Party Leaders. These lists 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 ROA) 

Zper km Eper mile I per km Cper mile 

n 25 NIL NIL 

Asummary 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.M.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 II 

F.M.B. transport rates 

Crop 
F.I.13. quotation 

pence per short ton mile pence per metric ton kilometre 

kilograms maize 
equivalent per metric 

ton kilometre 

Groundnuts 8.75 5.9Q 2.1.5 

Maize (export) 7.00 4.80 1.73 

Cotton 9.00 6.17 2.22 

Tobacco 9.00 6.17 2.22 

Paddy (rico) 7.50 5.14 1.85 

Fertilisers 7.50 5.14 1.85 

Pulses 7.2.5 4.96 1.7 

Note: For journeys between amarket and an F.TR. depot of less than 15 miles payment Is made on 

a fixed distance of 12 miles. 
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It is understood that it is the intentioi of the F,.,.f's policy to quote differential transport 
The effectsrates according to crop value, that is, higher ,nlued crops are charged at a higher rate. 

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 apolicy penalises the higher value crops on 

Mialawi should concentrate (see Part 2) and in our opinion there is no justification for such,/which 
a policy. In addition to the rates being uniform throughout the country, the rates are applicable 

over all road surfaces and as shown in pars 3.5 and Appendix 8, operating costs vary significantly 

by surface. In order to appraise this aspect of the justifiability of the FAI.B3. rates it is therefore 

necessary to estimate vehicle mileage by surface. An approximate estimate of this has been made 

from the current traffic census (Appendix 6) but it is stressed that more information is required 

(techniques as to how this is to be obtained are outlined in Part 3) before it is possible to be cate

gorical. From this and the traffic census it has been possible to estimate that approximately one 

third of the F.I.B. traffic is on earth roads and two thirds on gravel or bitumen roads. This would 

,result in the following costs. 

Economic Cost 3. pence per metric ton kilometre 
4.1 N 0 a 0Financial Cost 

Financial Cost +Overheads (+1/3) ,5.5 N i 0 $1 

It will be seen that the financial cost plus overheads of 5.5 pence per metric ton kilometre is located 

near 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 1%hich indicates a high profit 

margin. From this it could appear initially that the F..M.. 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 a 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 n to 15 miles, is considerably less 

than 12 miles 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 allocation 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 E.M.B. charging system operates against Malawl's economic develop

as they discriminate againstment. The differential rates by crop value act in aharmful manner 

high valse crops in which development should be concentrated. It is highly desirable, in the interests 

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 FA.LB. rates need to be based on distance and surface condition rather than on 

acrop value basis. 

The next stage, in order to appraise the current situation is to compare benefits with and
3.7 
without the proposed project or scheme relating to existing feeder roads; a proposed data and 

appraisal form is shown in Appendix 11(b). The comparison of benefits can be carried out by 

It has been assumed that the only traffic of economicreference to the existing traffic patterns. 
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value on feeder roads is crop extraction traffic; leisure and other traffic have 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 long 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 (ase 3.5 (a) 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 R. 

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 Denefits 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, it has not 

It has not been possiblebeen possible to include accident savings. Costs are shown at para 3.4. 

at-this-staitE -ifferentiatecosts-byistrictand constant costs have therefore been used. 

All costs are expressed in Present Value form, changes in future maintenance costs being discoun

ifrom the year incurred and included in Benefits as shown in Appendix 11(a). The results ofted 
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 in Table 12. 

As can be seen only one N..V. is positive - Llongwe (it is not necessary to quote Internal 

Rates of Return at this stage as the majority would be very low). There is therefore no economic 

justification, based on existing traffic, excepting the case of Lilongwe, for any general upgrading 

from earth to gravel standard on a District basis. In Lilongwe District It is possible to justify now 

However this does not imply that any one particular improvement withinupgrading of feeder roads. 


a District is without economic justification; such a'case is possible but individual project studies
 

are outside the scope of this report.
 

1 
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TABLE 12 

Benefits to existing traffic following leeder roads 

upgrading from earth to gravel standard 

District Net Present 	Value -, 

Lilongwe 	 + 13Q0 

Chikwawa 	 . 571 

Cholo 	 - 1005 

Dowa 	 - 1546 

Mlanje 	 - 1643 

It needs to be stressed that whilst the above table 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 

an annual average of L80,000 is allocated to feeder roadSupplies, shows that for the period 1Q69/71 

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 qualiotively justified..) 

TABLE 13 

Current annual export freight hauled 

Export Froight 

District Metric Ton Kilometres 
Per Kilometre 

Cholo 869 

Chikwawa 704 

Lilongwe 6Q1 

For full details see Appendix 16 
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Thi, as atq.alitative judIgement at. it lins not proved possible to quantify what rates of return would 

be carat and it is therefore only possible to say that there is some, possible inconclusive, evidence 

in these areas. hectioth these Districts there is a significant gap - the next District is Chiradzulu 

(t71 metric ton Lilomctres per kilometre). Only in theabove cases is it possible to advise, that 

on current production patterns and levels there is, possibly inconclusive, evidence that it is 

justifiable to endorse a general district feeder road construction programme. There is no definite 

'break even' point but as the gap between Lilongwe (6Q1) 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 

earlier also applies here, 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 identify 

such schemes. Similar analyses relating to the estimated future crop production level and pattern 

are shown in para. 3.10. 

3.9 It is no% relevant to introduce future traffic levels which will be associated with the future 

agricultural distribution, production and consumption levels. The wider-effects of investment in 

transport or the macro-economic elements also need to be considered. As pointed out earlier, 

%lalawiis 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. 
such returns can beTransport is not in fact, a separate sector but a link between sectors and as 

It has been stated by the Y3rookings Institute 23 that transportextremely difficult to quantify. 


does not by itself open up areas but acts as a catalyst. Other external sources 11 24 suggest
 

that evidence on transport leading to development is conflictng. 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 MIalawi and an attempt needs to be made to determine the affect of road invest-


At this stage therefore it is relevant to consider the correlation between agriculment in Mlalawi. 


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 experts 

are related to the existing and potential road networks. Linear and multiple regression analyses are 

given in Appendix 7. The equation based on crop values (MI) 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 Nlalawi'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. 

IHowever, 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 M). 

This suggests that in the past in Malawi it has been population rather thai 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 (I.R.R.) accordingly, except where there is 

conclusive proof that an investment in a particular feeder road would be quantitatively 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 traffic forecast, that is, importing rather thdn 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. 

Nfter considerable thought and research(2 ) it has been decided to assume that one quarter of 

-t,. the growth in agricultural production would occur without infra-structural investment and this 

,41 FO assumption has been used in assessing the forecasts in Part 2. 

The above evidence would seem to indicate that it is necessary to probe wider in the case of 

Mlalawi 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 inhousing (for population movement), health, education and possibly irrigation, in 

addition to roads. The simplest answer to such problems is to regard all the investment as one 

large infra-structural 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 it is probably best to assume 

that returns are proportionate to costs, that is, rates of returt, to each sector are equal. Whilst this 

assumption has inherent deficiencies it does assist considerably towards making a necessary 

assessment. However, other investment costs are not known for this study and it is necessary to 

j,, 

,7 q 
t_10 

review other infrastructural 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 it 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 nduced agricuhural 

production, should be added ina Net Present Value (NPV) form to the N.P.V. derived from the 

traffic and maintenance sectors, on the assumption that the concomitant infrastructural invest

ment also occurs. 

The net value of induced agricultural production is the producers price lea a the value of the 

inputs, other than roads, ,vhich are directly conducive to such an increase 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 kilograms of maize equivalent per man 

hour. These are broadly in alignment with experience elsewhere 
3 4 and the effect of the labour 

supply constraint covered earlier. 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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in "leficit %reas" (where crops need to be*'imported rather than exported) it is of course,


I fallacious to taLc into account any joint benefits, as crop production will already have reached its
 

maximum.
 

1 In 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..V. form that 

would accrue, concomitant with an upgrading of existing feeder roads and/or the construction of 

nets 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. Asimilar but limited exercise has been perfor-

However, prior to comments on the resultsmed on the existing crop position in paras 3.7 and 3.R. 

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

In paras 3.7 and 3. the economic appraisal of existing traffic flows was covered. It is 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 -q.v.). 

as an inventory cost orSecondly, for that proportion of generated traffic which is not regarded

[ input,nasely, that proportion of total returns 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 

at half the change in net benefits to each unit of existing traffic on atraffic should be valued 

similar journey, when existing 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 

This type of approach has recently been developed in
national net benefit from generated journeys. 

more detail, so as to differentiate between types of taxation, by the U.K. Ministry of Transport L2 

here. On the
and the French %hinistere de l'Equipement (See Appendix 13) and it is recommended 

basis of the evaluation techniques outlined in para 3.Q, 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 

be quantitatively conducive to increased agricultural production, this proportion (15 per cent) of generated 

as an inventory cost in the same category as seeds, fertilisers, storage
traffic should be regarded 

In this case generated traffic costs should be assessed exclusive of 
facilities and other inputs. 

tax as indicated in pti 3.4 as evaluated in Appendices 17 and 2n. 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. 

'llie quantification of the accruing benefits for generated traffic, in the second case, that is 

proided these tre 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 benefits have been calculated for a surface change of earth to gravel on a basis of 1.3 pence 

per metric ton kilometre as compared mith 2.1 pence per metric ton kilametre for existing traffic. 

This is in line %iithearlier recommendations. This figure has been derived as shown in Table 14. 

TABLE 14 

Derivation of Change in Benefits for Generated Traffic 

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

see %ppendix A 2 metric ton 
kilometre 

Value of total tax paid by traffic on . 3.4-3.2 = 0.2 " a 

generated journeys Total - 1.3 " " 

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 summarize the techniques used, the valuation 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 

can be divided into existing traffic (17/6) and new and generated trafficagriculture forecast and 

(17/7). It 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 

It has been estimated that one quarter of the agriculturalinvestment, including feeder roads. 

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 

That element of new and generated traffic which is a function of infrastructuralkilometre, (17/11). 
It has been derivedinvestment (75 per cent of total) needs to be considered in two different ways. 


that one quarter of this traffic (15.75 per cent of the total) is in fact an input when evaluating the
 

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 safely be ignored. TIe remaining three quarters (.56.2.1 per cent of the
 

total) is that caused by the new feeder 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 

iexport crop values in maize equivalents (17/3) and is converted to present value financial values 

(17/4). On the basis of allocation of joint benefits to joint costs discussed earlier, one quarter of 

To reach total benefits (17/18) it is necessary tothe net value has been allocated to roads (17/6). 
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 

This results in a non-exclusive amount, inkilometre (construction and maintenance) (Appendix 21). 


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 

leport (Appendix 1) over the evaluation period 1970-19q0.agricultural production included in this 

concen-The Districts, in order of priority where the future feeder road programme should be 


trated are:

" 1. Chikwawa 

2. Nsanje 

3. Lilongwe 

4. hizimba 

S.Nlchinji 

6. Dedza 

7; Kaaungu 

8. llantyre 

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

maximum returns. 

It has been stressed earlier that feeder road investment is to be regarded as an important 

part of overall infrastructural investment - its importanoe 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 

of the opinion that in the programme period (1Q64-74) an
justified on feeder roads and we are 
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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 
We could not support thedebt-servicing ratio, which are outside our terms of reference of this report. 


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 

as to the capability of existing stafflocations of the relevant roads. We have very serious doubts 

in Malawi to carry out such planning and analysis. It is our opinion that an overseas technical aid 

survey team 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 

the main and secondary roads. It is absolutely essential, in our opinion that constructionromiei 

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 igricultural produce. These are closely associated with the road haulage
 

(Rcad
licensing situation. It has been the policy to allow the two major road haulage concerns 


M|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 (Malawi African Road Transport
 

to organise and control local crop movement. We understand that it is alsoAssociation, MARTM) 

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 J 
private account haulage field which is not economic due to low utilisation rates. 

our opinion detrimental to development as it leads toTo summarize; the present policy is in 


high transport costa 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.
 

Opera(b) Restrictions on transport operations (I) weight limit between Ncheu and Dedza. 


tions are restricted to vehicles of under 13 long tons gross during the dry season 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 to be any obvious technical reason to support such a restriction (the road between Chileka
 

and Mpatamanga is of a far lower standard geometrically but has a weight restriction at a much
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higher level of 40 tons; it carries heavy trucks with trailers and is the main route into Mozambique 

and S. lhodesia). Its main purpose could be to ensure that Zambian transit traffic is diverted to 

tail at the Salima terminal but in doing so imposes harmful restrictions on local traffic. It is recom

mended that such restrictions be removed. (I) Through operations to S. flhodesia. 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 Mnalawian, Mozambique and S. lhodesian authori

ties on this route and secondly that the Chileka-,lpatamanga-Mlwanza section of this route is of a 

very low standard indeed for an international route (see also (b)(1) above). However it is recommen

ded that a situation is not allowed to develop on thin route which parallels the monopolistic situation 

within Nlalawi 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 inMalawi extensive travelling 

by Landrover i as necessary. The principal roads are shown In Fig. 7. It became rapidly apparent 

that 'ome serious 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 Insome 

quarters and plans are well advanced for their improvement (e.g. the M.1 road from Zomba to 

Lilongie no%% 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 and surfacing nor the amount of traffic 

they are carrying. The system is given in Table 15. 
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TABLE IS
 
Administrative road classification system
 

Road Type Administrative Code Letter 

Alain MI followed by a 
Secondary S / road number in 

District D Arabic numerals 

Branch B e.g. M 1, S 69 

Estate E D 271 

Unclassified 

Self help 2 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 Distract 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 
Agricultural road classification system 

Road type Classification 

Secondary II 

Market to Secondary or Alain II 

Village to market or lightly IV 
trafficked market to Secondary 
Hamlet, farm or field to village V 
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Again this classification gives no indication of the running surface although some idea of func
tion is conveyed. %nadditional classification has been introduced within the Mlinistry 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 Ueather : unlikely to be closed for more than 24 hours due to adverse weather 
(a) bitumen surface 13 
(b) gravel surface G * 

(c) earth surface E1 * 
(i0 All season : generally usable during die wet season but may be closed for periods 

of up to 4 weeks 
E2 * natural 'insitu' earth 

(iiii 	 Dry season
 
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' meaning 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 is 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 El, E2 and E3). 

TABLE 17 
Road mileages by Class and surface type June 1968 

Type of Surface 	 Total 

Administrative Bitumen Reconstructed Unimproved Miles kilometres 
gravcl earthClassification 


miles kilometres miles kilometres miles kilometres
 

M 286 460 441 710 1094 1760 1821 , 2930
 

S NIL NIL 62 100 1214 1953 1276 2053
 

D 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 286 460 561 903 5478 8814 6325 10177
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Source : The figures given in Table 17 have been taken from: 

(1) The Public load Ordinance. Declaration of Public loads published in the
 
Nyasaland Government Gazette Supplement 1st February, 1963; and
 

(2) Additional information supplied by the Ministry of Works and Supplies, Malawi. 

4.2 :Fhe present road design standards in use in Malawi are briefly summarized in Appendix 22. 

These standards compare well with those recommended by oter authorities, for example, the World 

Bank (International Bank for Reconstruction and Development); differing only in detail and generally 
demanding slightly 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 hand, it must be emphasized 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 fLader 

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 astandard 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 counts 

(6p.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 vihicle 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 (B)roads are included. To arrive at some 

figures of traffic flow the lesser roads some atteipts were made to carry out moving vehicle counts 

whilst travelling in the Landrover. The object of such counts was to apply the relation 

Flow, q = 	(x+y) 6 

ta + tw 

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 

If the flow 'q' is obtained in vehicles per hour an approximate value for the Average Daily 

Traffic given by 

A.D.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 journey inone direction. Some results obtained 
are given in Appendix 24. Although the figures given in Appendix 24 are quite inadequate for pre. 
paring any reliable estimates 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 
less than 40 commercial vehicles per day and many probably less than 20 (except possibly on period-

Ic market and produce days and collection days. 

The figures of traffic flow quoted in Appendix 6 have been used in conjunction with numbers of 
licensed vehicles in Malawi (as at December 31 at 1967) to obtain values of vehicle miles (vehicle 

kilometres) for the different types of road surface and diflerent vehicle types. In the absence of other 
data this has been the only available approach and the figures 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 kilometres (vehicle miles) travelled per year 

Vehicle type 

Road Vehicle Kilometres (vehicle miles) per year x 1000 

Surface Passenger Light lorry Heavy lorry Total 
Car (<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 41 (7,173.1) (12,770.9) 

Totals 126,500.4
(78,620.5) 

75,892.5
(47,167.5) 

148,224.0 
(92,121.8) 

350,616.9 
(217,909.9) 

Total vehicle kilometres - 350.6 x 106 on all roads by all vehicles
 

Total vehicle miles . 217.9 x 106 on all roads by all vehicles
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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 accurn-..,I- 'ounting vehicles. Such counts are valuable 
iicn 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
26 and 27. Further detailed information may be obtained in '11esearch on R,oad Traffic' 36 and otherpublications. Such sophisticated methods of investigation have been developed in highly industria
lised countries and may not be strictly applicable to developing countries %hose 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 traffic 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 Malali 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 carry more than 50 commercial vehicles
 
per day and many less than 25. (Commercial vehicles are defined here as all 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 area 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 be 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 possible to indicate precisely to what standard individual feeder 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 Remarks 

Low Stage (b) Development Road(G), earth surface, 
standard very little traffic, mainly 4-wheel drive 

Intermediate Stage (a) Development Road(a) earth surface, 
standard little traffic, but occasional 5-ton trucks 

High Similar to Class IV road(a)but with earth 
standard surface, heavier traffic with 5 and 7-ton trucks 

Class IV(a) Gravel running surface, heavieit feeder road 
gravel traffic P.S.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 nevertheless, 
be constructed to recognised geometrical standards. Suggestions for the latter are given in Table 20. 

TABLE 20
 
Suggested geometrical standards for feeder roads
 

Gradient Curvature RunningDesign speedType of Terrain - minimum maximum minimum minimum 
m.p.h. per cent feet feet 

Low standard 	 Flatand 20 9-10 150 12
Rolling 	 9-_0 _ _0__ _ 

Hilly 15 12 100 12 

Intermediate 	 Flat and 9 200 12 
_ 	 1_standard 	 Rolling 25 9 00 

Hilly 20 11 150 12 

High Flat and 80 8-9 250 12
 
'Standard (a) Rolling I I
 

I Hilly 25 10 200 12 

Note (a) The 'high standard' feeder road approximates 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 te 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 road 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 3 it 
is possible to indicate which Districts have the highest priortties on the basis of existing and future 
agricultural production and-traffic levels. This aspect is dealt %ith in pars 3.7 in the preceding Part. 
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The responsible authority would then be in a position to allocate funds more rationally to obtain the
 

highest economic return on the investment. Inthe absence of more detailed data in eaLh district, 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 abituminous 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, shapingand 
compaction. The problem thus arises as to whether capital (that is, 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 astudy 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 topoprnphy 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 stone 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 is 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 recommended 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. 

4.9 The problem of road maintenance in Malawi is a serious one and deserving greater attention.
 

The general impression 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 earth 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 situa

tion especially in regard to the training of plant operators and supervisory staff. (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 load Research Laboratory Overseas Bulletins Nos. 6 38 and 14 39. 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 pars 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 21 

Maintenance expenditure in 1967 including basic maintenance and some resealing 

Expenditure Expenditure per 1000 Expenditure per 1000
 
Road surface per kilometre per mile vehicle kilometre. vehicle miles
 

£ £ pence pence 

104
Bitumen 145 234 65 

346
Gravel 68 110 215 

26 1532Earth 16 952 

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. 

asIt is interesting to note ttae maintenance costs for bituminous roads in Great Britain 12 

given in Table 22. 

TABLE 22 
Maintenance costs on British roads 

Cost per mile of road Cost per 1000 vehicle 
milesRoad class per year 

£ pence 

60Trunk 1047 

Class I 883 100 
117
Class 11 670 

816
Class M 394 

Although the costs per mile of say Class I and 11 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 
It,shouldthis is not so suggests some deficiencies in maintenance of bituminous roads In Malawi. 

he borne in mind that the maintenance costs in Britain include expenditure on items not incurred in 

for example salt spreading and snow clearance. In road maintenance operations there isMalawi, 
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always a conflict bcteen budgetary cnnstmiants (that is,what funds are allocated and spent) and 
what ex:penditure 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 Q(.0+ 20 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 which 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 assessing 

the maintenance costs of bituminous surfaced roads. It refers to the maintenance of full-width im

proved gravel road and is based on prices of £30 for grading 30 miles per day, grading being done 

after the passage of 1200 vehicles and £600 per mile for 4 inches of gravel ever) 4 )ears. Prices in 

lalawi 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 Malassi 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. Experience 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 in 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 Qper 

say £(160 + 4Q) per mile per year for full width gravel roads. Figures of costs deriefrommile 
this modified formula, when comphred with those quoted by the Roads Department, for main gravel 

roads suggest that maintenance expenditure is a little lower than it ought to be. However, the 

formula £(.0 + 2Q) has been found reasonably reliable in various other countries and the modified 

It is unlikely that the cost of maintaining a gravel road inrelationship is probably excessively high. 


Malawi is more than double 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.
 

It must 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 operations invol

ved. 

In referring to these cost figures it must be emphasized that these are direct works costs and
 

have not been expressed in present value form and as such 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 
relationships between Contract Price, Direct Works Costs and Departmental Cost have been taken as 
follows: 

(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)
 
(c) 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 figures 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 dud District earth roads have also been 
made. There appears to be. 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 standard (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 thc.current method of voting money for road maintenance and construc

tion where, for example, the plant and vehicle maintenance vote for the whole Minintry, is grouped 

under one sub-haead, 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. JI '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

plemcnt the recommendations on the feeder road network would be a task of considerable magnituac 

requiring large quantities of road building materials. For the regravelling of the 2913 kilometres of 

earth road as irdxic.tcd in Appendix 21 more than 3,000,000 tons of gravel would be necessary. This 

quantity takes no account of the normal losses which occur throughout the life of gravel roads. Over 

a period of 20 ycar 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 

responsibilit) of theanterials Laboratory, isalarge one demanding considerable expertise. In this, 

the use of aerial photographs can be invaluable not only in locating materials but also in siting 

bridges, detecting areas of geological instability and in fitting the road line into the topography 4 1,4 2. 

For this work an experenced Engineering Geologist would need to be employed. 

Both colour and black and white aerial photographs exist for much of Malawi. Theme could no 
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TABLE 23 
Road construction costs for new roads and improving an earth road to gravel standard 

Crop Extraction Class IV Class Ill Class I Class I Upgrading earth 
and District road to Class IV gravel 

Stage (a) Stage (b) Gravel Gravel Gravel Bitumen Notes 
Item Earth Earth 12 feet width See note W (a) approximate 

costs in easy 
see note (a) surface dressing terrain 

£ £ £ £ £ Single Ibuble Single Double I EbW costs for easy 

£ £ £ £ terrain 
Total direct works 5108 5164 7044 10184 10844 13865 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 18583 21952 23166 depend on 
Contract cost (Total 5874 6284 8100 11712 12471 15945 17341 terrain, (earth
direct works cost + 1150 1015 to to to to to to to .5785 moving needed) 

15'%) 12424 12814 16600 20612 21371 2.524.5 26641 and number of
I culverts and 

Economic cost 4367 4672 6023 8707 9272 1185.5 12893 bridges required 
(Total direct works 855 769 to to to to to to to 4-301 
cost - 14.5%) 9237 9542 12342 15,324 15889 1876Q 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 Nlalawi however the resources of the Survey department (Mnistry of Economic Affairs) and the 
loads Department (linistrv of orks 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 loads Department. It is considered that 
a specially constituted survey team for this work is essential. Such a team should include an Econo

mist, an Engineering 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 ground, road lines which would take advantage of the existing and potential agri
cultural situation, the geology and topography and general engineering conditions, to provide the 
highest econpmic returns. 

CONCLUSIONS AND RECOMMENDATIONS,PART 5 

5.1 Following this study the team members are fully agreed on the following conclusions and 
recommendations. 

I There is no economic justification, on present traffic levels, (except in the case of Lllongwe) 
for upgrading any existing feeder road; limited upgrading is however justified in Lilongwe District 
now. 
II Thereis no economic justification on present traffic levels for the construction of new feeder 

roads now except possibly in thi Cholo, Chikwawa and Lilongwe Districts. The evidence favour

ing construction in these Districts is inconclusive. 
IIIThere 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 Cbikwawa, 

Nsanje and Lilongwe Districts, in order to induce increased agricultural production. This expendi

ture, however, would be supported only if it were part of a full infra-structural investment programme 

and if the recommendations IVV VI and VII below are implemented. If a feeder road programme were not 
part of a detailed infra-structural in'estment programme, it is recommended that ecpenditure be 

limited to £60,000 per year provided also thnt the recommendations IV, V, VI and VII belo% 

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.
 
' There is strong evidence to indicate that the present licensing policy is conducive to high trans

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 it evidence that other restrictions on transport operations, for example weight limits, are
 

incompatible with the country's economic development and should be removed.
 

VII There are strong reasons why expenditure on main and secondary roads should increase at a
 

compardble rate with feeder road expenditure.
 
VIII There is an urgent need to examine in detail and revise the methods by which funds are allo

cated to road construction and maintenance in order that accurate estimates of costs may be obtained.
 

This is cssential if thoroughly sound economic appraisals are to be achieved of feeder road networks
 
in individuul Districts. 
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IN There is every justification for higher standards of supervision in the construction'and mainte
nance of roads. The costing of maintenance operations needs to be examhied and tie system of allo
cating funds to Districts for road repairs without adequate technical supervision should be further 
investigated. 
N 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 1. i. laswell A. Smith 

London, October 1968 
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APPENDIX I 
Crop Potentials 

Forecast of export crop traffic by district 
for evaluation period 1970 - 1990 
(Excluding Estates' Production) 

Year 

Rlegion District -1970- F-1975 1980 1985 41990-

Metric tons - 2.XtA: 
Northern 

Chitipa 1,419 2,786 4,245 5,808 7,490 
Karonga 4,395 6,324 8,374 10,562 12,907 
Nihata Bay 1,508 3,414 5,448 7,630 9,979 
flumpi 2,546 3,687 4,900 6,194 7,582 
Mzimba 5,67Q 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 
Dows 12,819 17,394 22,247 27,418 32,951 
Ntchisi 4,731 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 
Naanje 8,553 11,173 13,948 16,899 15,593 
Chikwawa 30,951 35,887 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 

,.1%) ( -374o , 

The forecast is based on a population growth rate of 2.1 per cent per auburn and an overall 
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 
agriculture in this relatively land abundant economy, by encroachment upon cultivable lands 
at present surplus to the requirements of the population. 

I- -,,a 40 .1o ,':, 2.,1 t-0 Aoo. vl,, q 

400.0OW M L&a 
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APPENDIX 2 
Forecast of population 

based on the Malawi Population renn.us, 1966 
assuming a rate of growth of 2.7 per cent per annum 

Year 

Reglon/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
 
flumpi 51.9 59.2 67.7 77.3 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 1"02.7 117.3 134.1 153.2 175.0
 
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 2,140.0 2,455.0 2,805.0 

Southern 
Chiradzulu 157.8 180.3 206.0 235.4 268.9
 
Neanje 112.4 128.5 146.8 167.7 191.6
 
Chikwawa 175.6 200.6 229.1 261.8 299.1
 
Cholo 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 313.5 358.2 409.2 467.5 534.1
 
Kasupe 250.8 286.5 327.3 374.0 427.3
 
Ft. -Johnston 257.9 294.6 336.6 384.6 439.4
 

Total 2,296.0 2,623.1 2,996 8 3,424.0 3,911.9 

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 
hi communication of Population Division of the National Statistics Office of Malawi, dated 13th 
December, 1966. Estimates made by OECD (1967) of population grosth rates are 2.2 per cent per 
annum for Africa as a whole and 2.4 per cent per annum for Nalawi in particular. The rate of growth 
used by the Population Division of the National Statistical Office of Malawi in its Provisional 
Rleport (1966) %as 3.3 per cent per annum. 
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APPENDIX 3 
Potential Areas for the expansion of cotton production 

flegion/lfistrict lemarks 

Northern 
Karonga Quite a good area for cotton, a high value export crop 

compared with rice 

flumpi Growth limited to warmer areas on suitable land. 

Central 
Ncheu Expansion should be encouraged all along the lakeshore 
Dedza Expansion should be encouraged all along the lakeshore 
Salima High potential for cotton production 
Nkotakota Development of present cotton growing area 

Southern 
N anje Scope for expansion is limited as soils become poorer 
Chikwawa Still much scope for expansion 
Nilanje Expansion should be encouraged in North Mlanje on 

the Palombe Plain 
Blantyre Particularly west of Lzsungwe 
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 equivalents in non-discounted
 

constant prices
 

Year 

fleglon/District 1970 1975 1980 198.5 199 

Metric Tons 

Northern 
Chitipa 
Karonga 
Nkhata Bay 
Rlumpi 
Mzimba 

4,581 
10,629 
2,835 
8,910 

17,923 

11,872 
16,861 
8,855 

17,076 
35,319 

20,562 
21,534 
14,643 
24,038 
56, 545 

30,966 
26,950 
21,889 
32,981 
77,737 

39,900 
32,900 
28,700 
40,200 

100,300 

Central 
Ncheu 
Dedza 
Lilongwe 
Salima 
Dowa 
Ntchisi 
Mchinji 
Kasungu 
Nkotakota 

12,729 
19,874 

147,934 
18,382 
51,234 
18,90.4 
39,011 
34,541 
6,341 

20,659 
30,989 

182,558 
24,575 
62,371 
22,646 
45,023 
42,140 
9,674 

29,466 
46,085 

189,870 
32,073 
75,834 
30,114 
51,631 
51,371 
13,792 

39,216 
56,770 

142,320 
33,922 
95,690 
34,800 
58,923 
62,744 
18,339 

49,000 
33,500 
84,000 
40,700 

114,800 
41,800 
69,500 
74,000 
22,600 

Southern 
Chirsdzulu 
Nsanje 
Chikwawa 

* 
32,485 
115,889 

* 
42,435 
135,085 

* 
52,638 
154,203 

* 
62,899 
173,479 

* 
57,700 

194,300 

Cholo * * * * * 

Mlanje 
Blantyre 
Zomba 
Kasupe 
Ft. Johnston 

20,562 
32,334 
19,025 
13,978 
14,065 

641 ft 

14,223 
53,763 
33,315 
22,049 
26,019 

6 W 

* 
81,571 
19,749 
30,456 
39,052 

10.&$W000 , 

* 
73,837 

* 
39,605 
54,163 
1].5Al a.. 

* 
34,000 
* 

49,100 
69,300
1,1&37-7Y.'" 

• Deficit area. ____._ _ ___.t % 

The proportion of surplus by type of crop from predictions made in Malawi Crop Potentials
 

1965-1985 1
 
See Appendix 1 for potential export crop traffic.
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APPENDIX 5 
Price relatives of potential export crop traffic 

Year 
flegion/District 1970 1975 1980 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 
flumpi 3.50 4.63 4.91 5.32 
Mzimba 3.16 3.22 3.40 3.43 

Central 
Nohe 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 
Salinia 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 3.77 3.72 
Chikwawa 3.74 3.76 3.76 3.73 
Cholo * * * * 

Iolanje 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 1.44 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 
1965-190. 

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) 

Road 
type 

No. of 
Census
points 

Total flow 
past Census

points 
All

vehicles 

Average Daily flows by surface 

Trucks less Trucks more 
Cars than 3 tons than 3 tons 

capacity capacity 

Bitumen 48 .56725 1181 
surface Cars 31 591 658 (56%) 

<3t 14678 305 (26%) 
>3t 10456 218 (18%) 

Gravel 33 3666 111 
Cars 1 150 35 (32%)
 
<3t 1 207 36 (32%)


surface 

40 (36%)>3t 1309 

Earth or 163 11 251 69 
unimproved Cars 3 738 23 (33%) 
gravel <3t 3 958 24 (35%) 

22 (32%)>3t 3 555 

Source : 	 linisty 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 V'J--a.. p_/ 

Y2 - Export crop volume, metric tons/hectare cropped 

X1]- mof road/lectare cropped 	 r / -
PP /X2 = Population/sq. km. of cultivable land 


X3 - Km of road/1000 hectares of cultivable land r / rbltee,,.
 

2. lultiple regression analyses results: 

(i) Y1 	 0.0648 - 0.01245 Xl - 0.00111X2 

Regression not significant at 10% level 

Coefficient of multiple regression (RI)- 0.39 

Standnrd error (SE) of estimate of Y] from regression equation - 0.264 

(ii) 	 YI 0.5876 - 0.00012X2 - 0.0719X3 

Regression not significant at 10% level. 

fl = 0.267 

SE- 0.277 
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(il) Y1 -0.6853 - 0.01243X1 - 0.0011OX2 - 0.00061X3
 

Regression not significant at 10% level
 

11= 0.393
 

SE - 0.271 

(iv) 	 Y2 - 0.1279 - 0.0001631 )a + 0.000539X2
 

Significant at 10%, but not at 5% level
 

1 = 0.604
 

SE - 0.077
 

(v) 	 Y2 - 0.09210 + 0.0005572X2 + 0.006106X3
 

Significant at 10%, but not at 5%level
 

fl - 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 I
 
It - 0.59
 

SE - 0.076
 

3. Simple regression analysis results:( vk,.,i, 

YI
 

+ 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 (gross) costs of the 

'typical' truck by road surface 

I. 	 Economic cost Earth Gravel Bitumen 

pence/metric tun 2.25.3 	 (2.1) 3.2 (1.0)kilometre 

pence/long ton mile 8.5 (3.4) 5.1 (1.6) 3.5


J2. User cost 

pence/metric ton 5.6 (2.2) 3.4 (1.05) 2.35
 
kilometre
 

pence/long ton mile 9.0 (3.5) 5.5 (1.7) 
 3.8 

s0
 



Note (a) The difference between I (Economic 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 (c) Overheads and profit are excluded
 

3. Basis 
(aV t was felt that the most relevant original source on this aspect is the Road Research 

. From this the Southerno',Laboratory's recent work on Central and East Africa 16 
Rhodesian operating coa's for the 'typical' truck were used as a basis and adjusted 

so as to apply to local %,alawiconditions. This adjustment is due to: 

(I) source of S. Rlodesian figures16 states that costs are aminimum and the 

requirement is to use average marginal costs. 

ialawi's roads are regarded as inferior overall to S. Rhodesia's by general(i) 
consensus, with consequent operating cost increases 16 . It was of course 

not possible to inspect any roads in S. Rhodesia. 
16 .(ii) source of costs (United Transport Ltd) is a large and efficient operator 

(iv) 	conversion to costs as at 1st January, 1968 
African Road Transport Association)(b) 'Typical' truck is M.A.fl.T.A. (lalawi 

operated, %ith 5 long tons tare weight, 5 long tons payload and a 50 per cent 

load factor and with a petrol engine. 10 '12 14' 
The above costs are very closely in alignment with other relevant sources.

(c) 
15,16,18,19,20,21 when adjusted to local conditions. 

4. Malawlan taxes 
(a) Hydrocarbons duty: 

0.98d per vehicle mileat 36 per cent of retail price of petrol 
0.02dat 5 per cent of retail price of engine oil 
0.09d(b) Depreciation at 5 per cent of purchase price 
0.25d(c) Maintenance at 5 per cent of gross cost of materials 

(d) Tyres at 5 per cent of retail price 	 0.12d 

Total taxation 1.46d 

5. Surface 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 ,19Sourcesl5,16
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APPENDIX 9 

Accidents and Caualtl - 1967 

ACCIDENTS BY ROAD SURFACE CASUALTIES - killed andInjured 

BITUM|INOUS GRAVEL AND EARTH TOTALS 

- . 00nitU~ 111 itSH I.rSNCET 
ce cc 3. 0u1 8OIl. u z t BIT A'0 ALLrJ=9= b. 8 0 TOTAL44 0 cia 1 1 t AIM MT FIII-8 

F.t.1 S 4 8 S 5 4 4 6 9 4 3 7 7 4 S 7 7 41 1 3 10 7 3 7 62 75 137 45 55 13 9 14 16 1Z 8 i5 10 20 12 S 14 14S 

Seeks 15 t0 14 16 58 9l 9 II ZO 9 9' 55 53 9 IS 30 IS 54 20 58 35 50 5 17 141 I0 3t7 46 5 53 S 36 24 34 33 50 30 32 40 St 23 31 41 4ZS 

Slijht 22 28 31 391 25 40 41 34 44 24 3Z 31 25 18 19 23 25 30 29 46 41 25 13 391 305 696 55 45 73 62 71 80 73 81 97 111 139 61 567 72 1 09z 

D- e1 26 40 47 45 44 47 64 49 63 4Z 59 S0 29 40 40 43 41 SI 54 55 67 56 46 576 576 1 352 5004 50 

Total1 64 1200 110 9Z 100 118 100 136 79 101 99 70175 75 81 87 99 114 122 520 109 95 83 1 176 5 326 2 302 53 49 122 95 139 tZ9 53559 544 165 250 101 203 1271 665 

Fatal, S. elo &adSliehlAccident. Sorce 

Bltuomlncom road& 600 - S2 per ceal Mon-hly Accident return 

Earth and gravel roP. $50 . 49 per cent of the Malaw Police 1967 

Total I 150 



APPENDIX 10 
A coml.'idson of accident rates between Malawi and Kenya 

Total No. of No. of accidents Total annual Accidents per 106 vehicle milesCountry Vehicles Fatal Serious Slight Vehicle mileage Fatal Serious Slight Total
(including Government vehicles) 106 miles i; eu Sh o 

Malawi 

(196) 15,000 137 317 66 218 0.6* 3.2 5.3 

Kenya 
(1965) 95,000 429 816 1665 1140 O.4* 0.8 1.5 2.7 

* 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 Road Traffic Commissioner, Blantyre
 
Kenya: Analysis of Road Accidents in Kenya, 2 2
 

Ministry of Works, Nairobi
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APPENDIX I I(a) 
The Derivation of Internal Rates of Return, Net Present Values 

and Cost : Benefit Ratios 

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

2. Benefits (a) change in vehicle operating costs, including time savings (V) 
(b) accidents savings 	 (F) 
(c) change in maintenance economic costs 	 (I1) 
(d) induced agricultural production 	 (A) 
(e) multiplier 	 (P) 

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

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

4. Internal Rate of Return (IRR) 

I.R.H. 	- fP((YVi - 11"o) + (1F1 - !Fo) + MAI - (Mi - X-lo x 100
 
(C+ L) 
 where )- 1.5 

If IRR is 12 per cent or greater then the scheme may be considered as economically justifiable 
If IRR is under 12 per cent the scheme is economically unjustifiable 
Note Values are summated only and not discounted 

5. Net Present Value (NPV) 

NPV - xP (v i - Vo) + ((7F.- F o) + 7.i - (!Nl i - Mo3 - !1C +L) 

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 Ratio (C.B.R.) 

CBR 0 C+L3: i P (V 1 - ZVo) + (I Fi - 1F0 ) + IA +(Mi - Y"o) 

where P - 1.5 

If C.B.R. is >1 (e.g. 1:2) project is economically justifiable, if C.B.R. is <1 it Is not 

APPENDIX II(b)
 
Recommended Project Data and Appraisal Form
 

1. 	 Location a - road name 
b - Region and District 
c - route number 
d - map number 
e - length 
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The Feeder Road System of Malawi -

A Study of Present and Future Needs 

ERRATA 

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

2. 	 Page 8, para. 4, line 4, read "700 lb per acre" instead of "1700 lb 
per acre".
 

3. 	 Page 9, last para., line 6 for ".... transport available to the farmer. 
4armers have only .... " read "transport available to the farmer, 
farmers have only ... ". 

4. 	 Page 13, line 7 of top para. I for "Malavi at its foresent stage of ... " 
read "&lawi at its present stage of .... ". 

5. 	 Page 29, line 5 of top para., for "Sift" read "Swift". 

February, 1969 



APPENDhIX 1(a)"'je Derivation of internal Rates of Return, et Prebeat 'alues and Cost: Benefit Ratios. 
J. A-umtimo 1) .valuution perA 0 yearsod 

(b) residual value - zero, where applicable 	 I
(=) discount ratc = 12 per cent, where applicable
 

:2. Benefits (a) 
 total vehicle operating costs, including time savings ; (V)(b) total accident savings (F) 	 I(C) total maintenance economic costs (M)(d) induced agricultural production (A) 	 I I(e) multiplierI ~I (P)
 
3, Costs (a) construction economic cost 
 ,(C) I(b) land economic cost (L) 

Suffix 1 indicates with the proposed scheme 
Suffix 0 indicates without the proposed scheme 

' I 
i I 

4. Internal Rate of Return (IRR) 
P( Vol - , :9F1I) + NWloi 

-.

EVIl) + (:Foi - a~~t. li + - TM11) xlO0i 
I I I.Ll IXX.(Ci + Li)	 0% 

where P - 1.5 	 ! 

If I.l.R. is 12 per cent or greater, the scheme Is economically justifiable, If I.R.R. is less per cent it is not. 
,
 

'Note__yalues are summated only and not discounted.
5. Net Present Value (NPV) I I 
I 

N.PV. 1 xFP f (Vo! - Vi) + (Foi- Fli)+ Ai +(Moi - Mi -(Ci + Li)] 

where 	d- discount rate - 12 per cent
 
P 1.5 
 I 

If N.P.V. is positive, project is economically justifiable, if N.P.V. is negative, it Is not.f6. Cst Beefit fltio C..f,.) 
I I 

C.B.It. 	 Li)](oi- n(Ci + Li ; 1 (7+ [oi-V) +[FoiV-Fji+A1 +A I 
+(Mol - hi11 

where P.- 1.5

If C.B.fl, is greater than 1.0, the project is economically justifiablejif C.B..is less than 1.0, it is not.
 

APPENDIX II(b) 
Recommended Project Data and Appraisal Form ' I1. Location a - road name 

b - Region and District : I 
. - route numberL.. ~d- m ap number 	 . . -. _

" 

e - length 
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2. 	 Classification a 
b 

3. Description 	 a 
of work b 

c 
d 

4. Construction 	 a 
costs 	 b 

c 

d 
5. Maintenance 	 a 

present status 
propnsed status 

features 
type 

topography 

geology 

total costs, financial and economic 
cost per mile/kilometre, financial and economic 
economic land costs 

basis of cost estimates 
annual maintenance costs, financial and economic 

costs b -change in maintenance costs, financial and economic 
c  total (disc!z'hed) costs 

6. Benefits a - existing export crop traffic - metric tons per annum 
b -new and generated export crop traffic,. with and without road investment -
" 

c 
d 
e 

f 
g 
h 

7. Economic 	 a 

assumptions 	 b 
c 

8. 	 Result a 
b 
c 

9. Execution 	 a 
b 

c 

d 

metric tons per annum 

non input export crop traffic metric tons per annum 
existing traffic benefits - £ 
new traffic benefits - £ 

generated traffic benefits - £ 
roads proportion of joint benefits of induced net agricultural production - £ 

total (discounted) benefits - £ 
evaluation period X ye* 

residual values 
multiplier 

Internal Rate of return (ITR) per cent 
Net Present Value (NPV) £ 
Cost Benefit Ratio (CBR) 1 : X 
type of contract 
preparation time 

phasing 

completion 

-*JV.F W- C'r ° NP 

IW4' 	 I 4A 
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APPENDIX 12 - r 7' 7 tZ .j'I 

Change in fclnefits to Existing Traffic - xcluding Change in %laintename Costs 

" 

z 

L 

1 

District 

hIzimbs 
flunipl 
Nketo Bay 
Karonga 
Chitips 

Total 

Ncheu 
Dedza 
Lilongwe 

Salima" 
Dowa 
N"tchisi 

Alchinji 
Kasungu 
Nkotakota 

Total 

Chiradalu 
8sanja 

Chikwawa 

Cholo 

fllanja 

13Ilantyre
Zomba 
Kasupe 
Ft. Johnston 

Total 

lnd MileageoegiorDistrict all 
Rods Fads 

Km Km 

355 1072 
162 437 

53 199 
72 2.54 

133 294 

775 2256 

3418 543 
4.1 640 
110 691 

137 258 
282 536 
193 288 

171 356 
421 67S 
153 2.58 

2564 42-52 

34 116 
124 260 
22.5 376 
98* 241 

153 354 

293 491
151 105 
154 361 
414 664 

1646 3177 

Crop value in 
maize equivalents Crop value 

Metric tons £ 

14,258 165,303 
6,162 71.47" 

896 10,304 
5,664 61,702 
2,087 24,209 

9,067 337,177 

9,720 112,752 
10,773 124,067 

138,684 1,60R,734 

10,773 124,503
55,90% 648,90 
12,409 144,088 
24.742 287.007 
23,490 272,484 

3,680 42,792 

200,23% 3,366,727 

4.81 S.1,016 
5,784 67,094 

21,r5q 250,351 

-
18,691 216,816 
32,700 370,32016,378 189.085 
33,937 389,029 
12,483 144,803 

14.5,71: 1,60,484 

Export crop traffic 

Metric tons per year 

3,810 
2,073 

565 
2,229 * 

2.54 

8,031 

5,424 
1,714 

42,446 

2.3&1 
11,791 
2,880 

5,301 
5,761 
1.463 

82,172 

4,"A3 

6,183 

21,968 

17,436 

10,772 

8,233
175 

8,484 
4.643 

00,667 

Chnei--nr
Change in benefits (including 
multiplier) for a surface , 

change from earth to gravel 

£ 

586 t(.-e 
310 

87 
343 

39 

1374 

R34 
72.5 

6.10 

367 
114 

444 

816 
886 
22.5 

12641 

705 
oi1 

3380 

2682 

1657 

1267
27 

1305 
714 

12688 

Non-Discounted Change 

in benefits for 20 years
' ', "' 

11,720 
6,380 
1,740 
6,R60 

780 

27,4A0 

16,680 
14,500 

130,600 

7,340 
36,280 
8,880 

16,320 
17,720 

4,500 

252,820 

14,100 
10.020 

67,600 

53,640 

33,140 

25,340
.540 

26,100 
14,280 

253,760 

isone 
Discounted change in 
benefits for 20 years 

at 12 per cent t 
£ tJ 

4,177 '. 
2,383 

650 
2,r62 

10,263 

6,210 
5,416 

48,779 'i ; 

2.741 
13,551 -',.L 

3,317 

6,096 
6,618 
1,681 

91,429 

5,266 
7,104 

2.249 -

20,035 -. 

12,378 : 

9.164
202 

9,748 
5,334 

94,780 

Discounted Change in 

benefits per kilometre 
of district road triplength

£leng 

-4" 363 ' 32.1 
190 17r 

U tJ-7 
21 t 188 

12924 1 

856 7S3 

19 14'.7 
451 /4 

4065 35%0 " 

228 2b1 
1129 9Q' 
276 2143 

30 441 
552 U-8 G 
140 123 

78 (.2jt 

430 .j% 
502 S'lI 

2101 182

1670 1470 

1012 eaa 
71S 
17 ?S.? 

812 7157 
44.5 S392 

7000 

277 -

1977 

1 1



APPENDIX 13 

The Treatment of Taxation in Highway Investment 
Assessments 

Paper by the Economic Planning Directorate, 

Ministry of Transport. 

1. INTRODUCTION 

1.1 This paper gives guidanLe on the treatment of road vehicle taxation and deals with hydro-car. 

bons tax (on fuel and lubricating oil), purchase tax (on cars), licence duty, fload Goods Licence 

fees, and any Road Haulage Charges as originally proposed In the Transport Bill, 1969. 

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 decreases 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 usage 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 

traffic folloving a road improvement, will necessarily lead to some change in the distribution of the 

as well as a change in the total amount, the central government cantax burden within the community 

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 decrenses in revenue because of road improvements will be regarded as 

'neutral' or neutralised by complete absorbtion into fiscal policy as a whole. C-e, -r . . 
,- rW. .e; .V.6 

-lc"t,',.3. DEFINITIONS 

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

3.1 "User's Cost" 

This is the actual total cost of a journey to the average user of a vehicle and will include all 

taxation costs, standing and running costr of the vehicle, and the time of the occupants. It is this 

level of costs which, when combined with a demand curve, gives 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, 
e.g. lack of noise, are important resources. However, because the revenue collected is not a measure 
of resources which have been used, tax collected must be excluded from the "costs to the nation". 

3.4 The "user'p 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 

4.1 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 i osl:/ U sers cost ra 
Without 

road 
less tax mprovement 

L Users cost 
Users cost With rood 

.000 Iess tax Improve.
ment 

isj N 00 

0U H-.0-00000-,Oo .D.: e.06,. 

P ( .I,.-.,..q A-,e,

x0 E 

Number of journeys, 

CIO.1'Mvg 



It will be noticed that the diagram shows a larger tax element included in "User's Costs"4.2 
I is larger than tax NG).without the Improvement scheme than with the scheme in operation (tax 

This is because fuel consumption per mile (and hence fuel tax per mile) will normally be less with 

the road improved. 

4.1 The line AP is the demand curve %hich 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 

of the total benefit from F journeys.to the left of the ordinate F is a measure 

4.4 When the number of road journeys is OF the "user's cost" is OL and tax revenue is LBNIK. 

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 JCDUI. 

4.5 	 There is then a loss of revenue from existing traffic measured by the difference between 

gain in revenue from generated traffic amounting to NCDG. Whether there isLBIK and JNGH and a 


a net gain or loss of revenue depends on the exact costs and number of journeys.
 

5. MEASURSM.MIT OF BENEFITS 

to5.1 	 It has already been mentioned that, although we do not know the exact position of "costs 

cost less tax" curve. Since our knowledge is not'the nation" curve, it will not be below the "user 
costs to be quantified, particularly in relation tosufficiently advanced for public and community 

any one highway improvement, it will be assumed for the purposes of illustration that the "user's 

cost less tax" and "costs to the nation" curves will be thc same. 

5.2 leferring to the diagram 

rithout 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) 
LB\|KTax collected (transfer of resources from the user to the nation) is 
KNIFOThe "costs to the nation" (resources used) are 
ABNIKThe surplus to the nation (ABFO-KNIFO) is 

With the improvement and extra journeys gcnirnted the position is similar -

Irith the road improvement the users' and national benefit is 	 ACEO 
JCDH

Tax collected is 
HDEO

The costs to the nation are 

and the surplus to the nation (ACEO-HDEO) is ACDH 

Therefore the increase in surplus to the nation (net benefit) is the difference between ABIK
5.3 

and ACDH which is K.NIBCDH.
 

Is made of - KNIGH accruing to existing traffic (includingThis area 

diverted traffice) and BCDG from generated journeys.
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5.4 	 It should Ileno0ted that the farmer area (KIll) can be obtained in two ways . 

(1) 	 fly Multiplying the ddference between the two "User's cost less tax" curves by 
the existing number of journeys, OF. Therefore the change in benefit to existing 
traffic iAbased on "user's costs" net of all taxes, s IroF 

or, (2) 	 exactlv the same result can be obtained by using "User's costs" (includingtax)
 
with and without the road improvement, provided any reduction In tax receipts is
 
calculated and the sum deducted from the change in net benefit to the nation.
 
(KMNIGII - I,BNJ - (LrnIK - JNNGIM)
 

5.5 The latter area (flCDG) includes the area of tax, NCDG, and the approximate triangle BCN. 
The area of the triangle is obtained by multiplying the difference between 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 traffic when the costs to existing traffic include tax (BN); in 
addition, the generated journeys give rise 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
 
(Pare. 5.4(2)). Whichever system is adopted, it will still be necessary to calculate user's costs
 
with and without fuel tax.
 

5.7 	 It is perhaps worth stressing that the inclusion of fuel duty paid by generated traffic in the 
total benefits to the nation has nothing to do with its status as a tax. The tax is included because 
it is merely ameasure of an important part of the gross benefit of the journey 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 in benefit (M2arginally) 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 revenue collected do not
 
increase the total benefit to the nation because the incidence of taxation does not represent the
 
usage of real resources. There may however be asmall change in iational 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 receipts 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 

to the nation" without and with the improvement (national benefitbenefit to the nation and "costs 


is assumed to equal the sum of the users' benefit).
 

are similar to those which6.3 The principles affecting the method of evaluating generated traffic 

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 

In addition, the tax paid in running generated journeysevaluation of benefits to generated traffic. 


is an extra measure of the benefit derived from those journeys which is not offset by costs to the
 

nation.
 

But, because it is not possible'at the moment to estimate satisfactorily whether a fall in6.5 
"user'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 

costs and generated traffic can only be assumed 
S.. tax on fuel should be included in the existing traffic 

, [' to be the same, with and without the improvement, for all categories of vehicle tax except fuel tax, 
cot no all taxes other than fuel tax can be ignored in the evaluation. 

APPLICABLE TO URBAN AND INTER-URBAN HIGHWAY7. 	 'ECOMMENDATIONS 

COST/BENEFIT ANALYSES
 

-The procedure to be followed for the treatment of vehicle 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 include fuel tax only, but if total fuel tax receipts fall (as a 

result of a road improvement) the amount by which ta. receipts have fallen should be 

deducted from net benefits (and any rise in tax receipts should result in a sum being 

added to net benefits). 
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".. For .einratcI journeys, the not 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 generated journeys must be added to obtain the national net benefit from generated 
journeys.
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APPENDIX 14 
Population and vehicle ownership in Malawi and selected African countries 

Population Passenger cars Commercial vehicles Population per Population per 
Country 000's 000's 000's passenger car commercial vehicle 

1957 1960 1967 19.57 1960 11965 1957 1960 1965 19.57 1960 196.5 1957 1960 19615 
Malawi 3250 3490 3940 4.4 6.4 6.4 3.8 5.3 4.6 738.6 54.5.3 615.7 895.3 658.5 856.5 

Kenya 7432 8115 9365 49.6 64.6 73.0 10.9 13.1 11.0 149.8 125.6 128.2 681.8 619.5 851.4 

Zambia 2960 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 62.50 6777 7740 14.5 20.7 30.0 15.6 17.7 19.5 400.6 327.4 258.0 400.6 382.9 196.9 

Portugal- 628. 6,37 6956 23.6 30.9 - 7.1 5.8 266.3 211.6 - 885.2 1127.1 -
Mozambique 



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

legion District Discounted changes Discounted costs per Net present
 
in benefits per kilometre of district value
 

kilometre of average road 0 (Col 3b $" " 

touring on district . / Cal 4) 

road 
(3a-£25)

£ £ ,t.31 £ 
("(2) (,3) [ (31h) (4) (5) 

Mzimba 365 + '340 2650 3-7Z - 2310-3/;/5 
fumpi 199 + 174 - 2476-3-O 0 

Northern 	 Nkata Bay 54 + 29 - 2621 J'-Z" 
Karonga 214 + 189 - 2461",7.90 
Chitipa 24 - 1 - 2651-34t9 

Ncheu 519 + 494 2650 - 2156 - 6 I" 
Dedza 451 + 426 .. 2224"*.Z3Of 
Lilongwe 4065 + 4040 .. + 1390-f I0 

-Salima 228 + 203 	 -2447 -3 ?s 
Central 	 Down 1129 + 1104 -1546 -)" 1 

Ntchisi 276 + 251 -2399"31 
%lchinji 508 + 483- -2167 -3aa 
Kasungu 552 + 527 	 -2123 -2" a 

Chiradzulu 439 + 414 2650 -2236 "3
'qNsanje 592 + 567 -2083 -7 O2 

Chikwawa 2104 + 2079 .. - 571 -
Cholo 1670 + 1645 -1005 -, 

Southern Mlanje 1032 + 1007 -1643 o',o
 

Blantyre 789 + 764 -1886 - 211 
Zomba 801 + 776 -1874 - .? a U40 
Kasupe 812 + 787 -1863-
Ft. Johnston 445 + 420 -2230 -

Sources: Column 8 Appendix 12 and change in maintenance costs (Appendix 19 and 
para 2.5) 

Column 3a excluding change in maintenance costs 
Column 3b including change in maintenance costs 
Column 4 Appendix 19 
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APPENDIX 16 

F.stimate of annual freight hauled (exportable product) from farm
 
to buying point (a)
 

(based on sales of 1967-7 crop through F.I.B., lalawi)
 

Annual freight hauled metric ton 
flegion/district kilometres per kilometre of road 

Northern 
10Chitipa 

105Karonga (b) 

84
Nkhata Bay 

58
liumpi 
43Mzimba 

Central 
29Ncheu 
43
Dedza 


691Lilongwe 
111Salima 
263Dowa 
120Ntchisi 
179Mchlnji 
103
Kasungu 
68Nkota Kota 

Southern
 
Chiradzulu 
 '474 

284Naanje 
704Chikwawa 
869Chold 
381Mlanje 
201Blantyre 
330Zomba 
281Kasupe 
83Ft. Johnston 

(a) Assuming a maximum journe) of 24 kilometres and an average journey of 12 kilometros
Notes: 

(b) Of which approximately two-thirds is paddy carried in barges on Lake Malawi 

(W)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 (74hectarcs) 

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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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 0 £ 2 0 0 
medium 15 0 £ 1 10 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 £ 1 10 0 
peach medium 11 0 £ 1 0 0 

small 5 0 5 0 

Apple large £ 1 5 0 £ 1 10 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 0 
medium 7 6 
poor 	 5 0
 
immature - good 5 0 

medium 2 6 
'poor 1 3 

71 



Appendix 18 
(continued) 

Annual Crops 

Crop Class Compensation per acre 

Country Town 

Maize 
Sor4iinis 

Good 
Average 

£ 
£ 

8 
5 

0 
0 

0 
0 

£13 
£LO 

5 
0 

0 
0 

Poor £ 3 5 0 £ 6 15 0 

Cassava good £12 10 0 £25 0 0 
average £ 8 5 0 £16 15 0 
poor £ 4 5 0 L 8 5 0 

Pigeon pea good £ 6 0 0 £ 8 0 0 
average £ 3 00 £ 5 0 0 
poor £1 5 0 £ 2 0 0 

Beans good £ 5 00 £ 7 10 0 
average £ 3 5 0 £ 5 0 0 
poor £ 1 15 0 £ 2 10 0 

Groundnuts good £20 0 0 £30 0 0 
average £13 5 0 £20 0 0 
poor £ 6 15 0 £10 0 0 

Tobacco 
(Western) Rates 
doubled for Turkish 

good 
average 
poor 

£30 
£15 
£ 5 

0 
0 
0 

0 
0 
0 

. 

. 
flue-cured and burley 

Sweet potatoes good £12 10 0 £25 0 0 
average £ 8 5 0 £16 15 0 
poor. £ 4 5 0 £ 8 5 5 

Castor mature £ 0 0 8 each £ 0 0 8 each 
plant 

Chillies mature bush £ 0 1 0 each £ 0 1 0 each 

Buildings 

Roof Rate 
Shillin s/ ence 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 3-0Burnt 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. 
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APPENDIX 19 

Construction, maintenance and land economic costs 

(Present value £/kilnrnetr' (£/mile)) 

Upgrading existing earth new feeder 
road to gravel standard earth road 

Construction . 2, 650 (4 300) 500 (800) 

Maintenance (change) 500 (800)(a) 230 (37) 

Land 0 (0)(b) 15 (5) 

Administration 0 (0) 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 
310P.V. per Km 


Change in economic maintenance costs for up.
 
graded road, per Km 500
 

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

(c) 	 Maintenance costs (changes) are included as a
 
deduction under Benefits and not under Costs.
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TRAFFIC CENSUS FORM AS USED BY MO.W.&S. 

TRAFFIC NUMERICAL CENSUS 1968 

a....'A..6T. Day. ....... Season....Prj ............ Grade.....1 ........ Location......
 

Local market days..... .. Road conditions......... . ...
 

Local conditions .......... 


Visual count station....A LL .................... Sykes automatic count stations .AL............... ..
 

Station... r-TRUCKS TRUCKS AND TRAILERS 

UNDER 3T 3T - 5T sT IOT OVER 10T 3T 5T ST - 10T OVER OT 

BICYCLES MOTORCYCLES CARS BUSES OFFICE USE SYKES6PM SYKES 6AM 
-- _z__ _ 

- ----- -  - 3 .. "-- 4.. _. 

STATION 1 2 3 4 5 6 

SYKES 24 HRSP, ISigned 111 123 145 83 lob 3T 

STATION 

SYKES 24 MRS ..........
i- III Clerk ilc 

APPElNDIX 23 

Ref 117 N.W. of Bataka 

Ncheu 

6I 

2
SS36 

MA 

Matope Baoka 

When completed this form 

must be returened 
immediately to :im aeE. Ra 

C.PE. (Roads)} 

Ministry of Works.Mnsr fWrs 

P 0. Box 45. 

Zomba. 
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Road 

S 62 
Chiradzulu 

S 41 
Palombe plain 

S69 
L Chilwa 

S 56 
Liwoude Forest 
Reserve 

D 221 
Liwonde 

D 240 
Llrangwe 

D 236 
Blantyre 

D 82 
Lilongwe 

D 31 
Malingunde 

D 46 

Namitete 

S70 
Walkers Ferry 

D147 
Mlanje 

S 43 
Fort Lister 

S40 
Palombe 

D 8
 
Madi 


APPENDIX 24. 
Results of moving vehicle traffic counts 

Vehicles encountered Possible A.D.T.Duration of count excluding bicycles (approximate
motorcycles, ox-carts only) 

2.45 pm - 4.10 pm 1 Landrover 
Single journey only 1 Bus 108 

1 Lorry.
6 Cars 

8.40 am - 11.10 am 2 Landrovers 
Single journey only 7 Trucks 77 

3 Cars 

11.10 am - 1.00 pm 1 Truck 
1 Bus
1 Car 26 

50 say 

2.00 pm - 3.00 pm 3 Trucks 64 
return journey 1 Car 

1.55 pm - 3.05 pm 2 Trucxs 
Single journey only 1 Landrover 55 

1 Car 

3.05 pm - 4.00 pm 
Single journey only Nil 

1.55 pm- 3.20 pm 1 Truck 
Single journey only 3 Cars2 Landrovers 68 

4. 40 pm- 5.00 pm 3 Cars 
I 

8.28 am 8.37 am Nil Sunday traffic 

8.37 am - 9.20 am 2 Cars Sunday traffic 
1 Bus 

10.00 am - 11.30 am Nil Sunday traffic 

11. 15 am - 11.45 am 1 Car 

3.10 pm - 4.15 pm 3 Trucks Public Holiday
 
1 Car
 

4.15 pm - 5.20 pm Nil Public Holiday
 

5.3Q pm- 6.10 pm 2 Cars Public Holiday 

3.35 pm - 4.05 pm Nil 
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APPENDIX 24 (Continued) 

Results of moving vehicle traffic counts 

Road Duration of count 
Vehicles encountered 
excluding bicycles 
motorcycles, ox-carts 

Possible A.D.T. 
(approximate 
only) 

n 82 
%Iponela 

4.05 pm- 4.42 pm 1 Light van 
1 Truck 

.52 

D 48 from %11to 
just past the 
Bembeke 
Mission 

Q.47 am - 10.10 am 
Single journey only 

1Landrover 

D 48 Bembeke 
Mission to )50 
Mlue Mission 

10.10 am - 12.30 pm Nil 
Road virtually impossible - two hours to 
travel six miles down escarpment 

D 50 to 
Ntakataka 

12.30 am to 12.40 pm 
and return 
12.50 to 1.00 pm 

1 Truck (NIOW & S) 

1 Truck (MOW & S) 

D 50 Mug 
Mission to 
522 junction 

522 to MI 
Massasa 

1.00 pm to 1.30 pm 
single journey only 

1.40 pm to '2.30 pm 

1 Landrover 
1Pick up 

Nil 

.., 
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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. Excluding
motor cycles, road construction vehicles and government vehicles there was a total of 13,177 vehicles 
as at 31st December 1967. 

Abreakdown 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 Waille 15 and the following
 
grouping made
 

de Weille Malawi No. of Average distance travelledvehicles per year be each vehiclekilometres (de Weille) 

Passenger car 	 passenger car 8268 15.3 x 1000 

Truck Type 1 Nil Nil 14.5 x 1000 
Truck Type II 	 light lorries 2992
 

light tractors .381 22.5 x 1000
 
3373 

Truck Type II! 	 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 total 8268 

No. on bitumen 8268 x 658/716 - 7598 
No. on gravel 8268 x 35/716 W 404 
No. on earth 8268 x 23/716 - 266 

Type 11 vehicles total 3373 
No. on bitumen 3373 x 305/365 - - 2818 
No. on gravel 3373 x 36/365 . 333 
No. on earth 	 3373 x 24/365 - 222 
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Type IIIvehicles iotal 15:16 

\1. on bilumen 15:36 %'1 280 1197 

\N. gral 1530 %10 280 220 
Noo carth 1536 Y.22 280 *119 

Frosm theawc' figurea the vehicle-Lilornctres for each vehicle typc accnrding to road surface have 

been calculated 

e.g.
 
Graxel T.pc 1 333 %ehicles. 22.5 x 1000 Lm. per year (de Weille)
 
surface hence 333 %22.5 %1000 - 7492.5 x 1000 veh. Lm.per year
 

The results hnae been tabulated und are contained In the body of the report in Table 18. 

APPENDIX 26 

Origin and Destination Surveys : Summary of Methods 36 

File main methods of care ing out origin-and-destination surveys are a%ailable: 

1. B} roadside intervie%%, 
2. B.giving postcards to drivers, 

3. B)noting registration numbers, 
4. B3 placing tags on vehicles and 
5.By home interieis. 

Roadside Interview 

Vehicles are stopped at anumber of points and drivers are questioned about their journeys. 

The surve) 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., 

La) out of cordons for roadside interview and postcard origin and destination surveys 

(a) rectangular grid of cordons 

(b) ring and radial cordons 

(c) irregular network of cordons 
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One airrangme'nI iises h% eI, of"t irdan,. 1 gliht agles 1) ftIinII rf ICangiuiar giri' its in 
fig. (It). %all ternali e mnelnpmlivu larl)ii eli suited to a single I iuii halt, u series of tordons
wuind tia vili ciilr, . hiii ed %iil ratlihI 'ordons. fig. (b). If the nivni ents being studied are 
mihaiili in tite dlret'liin il each plint in the arca one sct of c'orlons mn% Huffice, e.g. radial L.orilnnm
lai not be needcd in lo)l%%i.Short cordons hit divide thie area into irregular .,one, fig. (c) can be 
iseid but it li more difficult it)maLe efficient use of the data. liath lirections of traffic at a survey 
statian slAuld be il nieted. 

The questions asked depend on the purpose of the surve) and are usually designed to determine
tie last point that the iphiclr needed to be at and the nevt point to %%hich it needs to go. This 
Information ma. be obtained b direct questioning or by a series of questions: 

e.g. 1Ahere did %ou start this journey? 
ilae i ou made an% calls since iou' left there?
 

(if ansluer is ies) Uhere %%asthe last place at ihich }ou culled?
 
If the origin or destination of a journei is a considerable distance from the area being consid. 

ered it ma. be decided that the point of entr) to or exit from the.area uill be unchanged b) any modi
fication to the road laiout. If so, the questions should be designed to determine the point of entr)
or exit. 
 The questions put to driiers of commercial vehicles are sometimes different from those put
to driiers of cars so that each is most likely to give the correct answers. 

The main disadantage of the roadside interview is that drivers are delayed uihile being inter
.ieiied. 

Postcard Method 

This method invol'es asking 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 
interieu method. Vehicle dela is negligible and the method is simpler and cheaper than most. 

Registration Numbers 

Observers. stationed at points forming a cordon, record registration numbers of vehicles enter.

ing and leaiing an area. 
 The results are analysed by comparing the two listsof registration numbers 
one for %ehicles entering the area and the other for vehicles leaving it. Each registration number
that occurs in both lists corresponds to a vehicle movement between the two points uhere the number
nias obsered. Registration numbers that occur in one list only are assumed to represent journeys.
ihich originate or fi nish inside the area. It is usually an advantage to record times of entr% and 
exit as this information can i - used to determine journey times. 

The advantages of this method are that traffic is not normall) delayed and that police control
is not usually necessary. The disadvantages are, a large number of observers is needed since 
recording must be done at all points simultaneousl). Information about each joume) is limited to
point of entry and exit from the area being studied; neither the original nor the destination isobtained. Mistakes in recording can be a serious source of bias, e.g. a through journe) %hich has 
one of its registration numbers recorded incorrectly will be recorded as two terminating journeys 
instead of one through journey. 
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Tagged vehicle method 

(:illd tags are pIha t'd tn eli icles a lilt-, oi er an area ilire taken iff when they lea. ., it. 

till Ilie tings t4htult journey tonics {.an le determined.ri1111,fir eriig and lea'.ng ma' lie marked 

1e niitehdl is similar it) tie registralion number method lut errors iire lesI. likely and unulyit ih 

easier. The disadvantage is thai dri'ers ma% object to the tags and mly remove them. 

Home interview 

Issample of the populatioi is inier.ic'ed in their homes. The proportion of households that 

lies bctuceen 1and 10 per Lcent, and it is customar) to obtain informationare i1ter'ieonul nomall' 

tl ile jaurne's of all members of the households. The questions asked depend on the object of the 

stud%but it is usual to obtain details of journe)s made b%persons or vehicles on the previou, day 

or das. The method is particularl) suitable for studying traffic demands in large urban areas. Un

like other methods it enables ,,formation to be obtained on journeys, by public transport (bus, rail 

foot. This method is expensive and requires detailed planiing and trained intervieuers.etc.) and on 

errors and omissions are unlikely as the interviews can be
but the possibiliti of bins is small and 


carried out unhurriedli.
 

APPENDIX 27 
- British Mulethod Z6

Forecasting of future numbers of vehicles 

Economic forecasting of the numbers of %chicles%'hiLh %%illbe licensed in the future is con

sidered to be an e~tremel) risk) undertaking and lacking in a high degree, the reliability desirable.
 
Trends over the
Ne.ertheless the %alue of such forecasts is such that the attempt is %'orthmaking. 


nct 20 years or so are obviously important i nrelation to proposed road improvement; %%hile trends
 

oar 50 %earsor so are necessarm 	 in considering the provision of garage space in new housing areas. 

Ili (reat Britaiii e are concerned 'ith numbers of cluiclei. per head of population and the rate of 

increase of this quantity. For Great Britain the iumber of 'chieles mean.4 the number of motor
 

%ehicles licensed at an% time in the three months ending September.
 

Four classes of %ehicles are distinguished 

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

(including mopeds. ccooters, combinations)
ii lotor cycles 

lit Agricultural tractors 

i% Other vehicles 	 (including commercial vehicles. P.S.Vs., taxis. 

pedestrian controlled vehicles, other tractors). 

facto' population made b%
The population figures used are the mid.ycar estimle, of the 'de 

and inLlide persons of all aes
the Registrars General for England and Wales and for Seotlaid 

including children. 

The bahsiL quantity to be studied is vehicles per head of population (that is for the four classes 

for eat I of these classes) h
of vehicles). ForecLats are made (for the 50 years froni 1960 sa 

using projetions of the population (made h the Government A.tiuir' in (Givo Ili laiu). i'nr each 

.91, 1960 - 2010. It %Iill lie pnstulatedLiis of vehile therefore a curve is required sti et king fi, 
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rfrstl) that isiiill bi a anmth cturve tid various assump iins have to he iiiaids, e.g. that there 
iuill lie no major social or econontic event %hichwould cause sharp changc, ii, the development of 
the nuniers of ehivi.les per head: that there are no catastrophic events (such as I orld 11ar 111)that 
there %%illlie no substantial substitution b%other means of transport, aut.h as helicopters, for uhich 
mstor %ehicles fre at present used. It seems reasonable to suppose that %1(IIas being bmooth the 
groulh curc should continue the curve of giolith experienced in the immcdiatc past. The ulgebraic 
form of the forecast cur%es is largel) open to choice. It must have at least three tonstnnts that can 
be filled. If there uere onlh t1%o the ihole curve would be determined h) the current numbers of 
chicles per head and its rate of growth. On the other hand it is improbable that the relinhilit) of any 

forecasts iuould be such as to justify more than three constants. 

A t)pe of cunie often used to represent growth in both social and biologicnl phenomena, is the 
Logistic Cure. It has three constant and tends upmards tonards a limit uitth the passage of time. 
The percentage rate of grot~th decreases steadil) 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 
follo%%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 necessur to estimate the upper 
limit. i.e. the maximum number of vehicles per head that i ull 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 conseriative estimate. For motor cycles aSaturation Level of 0.06 has been assumed, 
and for agricultural tractors a value of 0.01. For 'other vehicles' aSaturation Level of 0.08 'other 
%ehicles"per head has been assumed but is not a figure in iihich much confidence is placed. Adding 
the saturation levels for the four separate classes of vehicles gives 0.55 motor %ehiclesper person. 
This %alue %%asalread. exceeded in 1960 in four states in the United States. 

The forecast 

Basic calculations. 

The three constants i omnership per head in base year (1960) X 
ii assumed rate of increase of ownership r 

iii saturation level a 
are required to be knon. 

These are substituted in the Logistic Equation. 

aX 
ar/s-X -

X)X+ (a - X)e 

The derivation of this equation is given below. 

This formula may be used to estimate for the whole range of vehicles by using it separatel% 
for the different types and suniming the results. 
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The Logistic Curve : Derivation of logistic equation 

Denote time b%'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: 

d,- cx (a-x) ...... (1) 
dt 

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

a ...... (2) 

I + be - act 

This is an S-shaped curve, asymptotic to x . 0 as t approaches - infinity and to x = 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. 

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

X(I + b)=o 	 .-. . (3) 

If, further the percentage rate of growth at t - 0 is known to be ]00r per cent per year, then 

...... (4)c (a - X) =r 

Formula (2) may thus be put into the form. 

X M(5) 

X)e-X + (a 

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

Thus a logistic curve can be found to correspondwith the current actual level of vehicles per 

head and with the current actual percentage rate of increase of vehicles 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 
Intensive methods of road construction 

The following note based on information obtained outside nialawi indicates how such a 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 costs, 

fuel and oil taxes, plant and labour outputs for various operations and the works common to both 

methods of construction. 

The figures quoted as 6n example here do not necessarily apply to Malawi but can be modified 

to confirm to local conditions. 
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The vompnprimn, is most v14 in1dh., stepi, in tihu lr form itssiai ill 	 follows: i, ti. are (juotedilllllsl %fritanshillings. 

I. Hourly costs 

l)epr cintion and Fuel Operator
Item of Plant maintenance 

i.A. shillings E.A. shillings F.%.shillings 

D. 81 IAtractor 52.00 29.38 2 54 
Doer blade 6.00 -
D. 811 tractor 	 70.00 36.72 2.54
 
Scraper 80 27.00 - _
 
Angle doter blade 6.00 -

Ripper 8.89 
 - _

19 RB face shovel 23.00 7.34 
 4.37 
.- 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 ndxl sa) 88 E.A. Shillings for a7-tons tipper truck. 

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

(a) Plant, 	 100 sh...0.04 shillings 

12 x 200 

() Tippers 	 880 sh. = 0.37 shillings
 

12 x 200
 
Unskilled labour is reckoned to have an economic cost to the country (Mulnwi) in the long 

term of 2.15 kilograms maize equivalent per man hour which in certain conditions can be equated 
to about sixpence per hour, that is, about four shillings per day. This is above the present statu
ton, minimum %age in Mlalawi 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 in eluded 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 gallons the tax element is thus 175 x 100 = 42.89 per cent. 

40-8
 

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 ivdicated in the pnper on the value of 
time 12. 
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l h , h the i"lhln. rh mi url. vst s 4utno ielt rah'ulleled is in te. ing tile 

Economic houtly costs 

lepreviation and Fuel Operator Total 
Item or o nalintenanCe K.A. IK.A. IF.A.Iol 


K.A. shillings shillings shillings Nhillings 

1)811 ltractor 51.M6 16.75 2.54t 71.25 
noa/er lhde 6.00 - - 6.00 
I) 811 tractor 69.96 20.93 2.54 93.43 
Scraper 80 26.96 - - 26.96 
Angle diater blade 6.00 - - 6.00 
flipper 8.89 - - 8.89 
19 11 rave shoel 22.96 4.18 4.37 31.51 
.- tons tipper truck 15.52 3.35 2.38 21.25 

3. An estimate needs to be mde of plant and labour outputs. The following might sere as 

examples in flaairi until possibly more accurate values can be obtained. 

Operation 	 Plant and labour outputs 

Clear light bush 	 D 814A tractor and doter blade clear 0.41 acres per hour 
17 men clear I acre per do 

flemoxe topsoil 	 D 811 tractor and qcraper 80 mo~c 120 cu.yd. per hour 
21 men move 50 cu.yd. per doy 

Cut to crossfall 	 D 811 tractor and .ngle doter move 150 cu.%d per hour 
or camber 	 21 men move 50 cu.)d per da 

Clear medium 	 as for light bsh 

hlih 	 )
 

Excavate gravel 	 D 811 tractor %%:thdoter blade and ripper move 100 cu.%d. 

per hour 

Load gra%el und 19 11b face ahocl and 3 7-ton tipper trucks load 31 cu. 
transport to )d.per hour 
site 21 men and 3 7-ton tipper trucks load 8511 cu.yd. per day 

4. Works common to both methods need not be considered. These might be listed as 

(a) Drainage cukerts (hand) 

(b) Compaction and watering of carthuorks und gravel st,faiving (plant) 

(c)Spreading gravel and fill (plant) 

(d) I nal cleaning up and tid) iug of shoulders and verges (hand) 
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5. A olparison or oslts v.a no)% I' 11u1h' UP il the fi lohing tilal for Ho) I milt- of 12 I' t uh,idl 
grau~cl rood. 

Operation Unit Ounlii L.abour llint 

Rlnt Amount lte Amnnunt 

Clear lighit 
bush 

ere 1.45 17 x LO0 
-68.00 all. 357.00 

(71.25, 6.00) 
x I 

0.41 

- 188.41 sh. 989.15 sh. 

fleano e Avre 
topsoil 

Total x y 

6. The difference in costs can thus be obtained by comparing the two totals \ and Y. These Lasts 

do not represent the full cost of constructing a mile of road; the) include on]) those items uhich" 
uould be carried out bA the tuo different methods. 

Such a comparison as this could be done in Malauui and applied to districts %%herewages and 
plant operating costs differ in order to determine the particular method most economical for the 
prevailing local conditions. 
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APPENDIX 30 
Note on tileestimation of the economic cost of road mnintenance 

Within the hinistn of Works and Supplies the determination of the fin,ncial and economic costs of 
road maintenance is difficult. This is due to the cobting system whiLh does not provide sufficient 
allocation and breakdou~n of individual costs and to the costs of vnilous items being Loitained in a 
number of votes. Thus the cost of a job as indicated in the estimates is not a true reflexion of the 
cost to the Department. The following breakdowns were obtained for 1967 mainteance costs and 
are used to indicate hois approximate figures of Direct Works costs and Economic costs were 
'obtained. 

For 1967 maintenance 'overheads' were equal to 100 per cent of the quoted departmental costs. 
The breaLdo%%n of 'overheads' was as follows 

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

(b)Site supervision 2/ 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 Direct Works cost and a further deduction (qv) is made to eliminate transfer payments. 

Item 3 includes .-.Jement 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 quantities, 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 5per 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. l)epartmental cost +o100% = Direct Works Cost for 1967 figures 
Direct Works Marginal Economic Cost -Direct Works Cost - Item 1 (a)- Item 2 - 5% of Item 3 

5%of Item 4 

Eu Direct Works Cost -I 28 + 17 + 5.22 + S .33 x 'Overheads'

L3100 100 100100 1001001
 

E- Direct Works Cost - 29 ['Overheads'] 
100 

Note The quantity 29 ('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 case to 14.5 per 
cent ihich 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). 

Item 
Class IV 
gravel 

Class III 
gravel 

Class 11 
gravel 

Class I 
bitumen 12 ft 

Class I 
bitumen 22 ft 

Formation width 
Running surface 

ft. 
ft. 

24 
12 

24 
16 

32 
18 

32 
12 

.32 
22 

Field survey 
Materials survey 
Design 
Aerial photography 
Air photugraphs 

L 
£ 
L 
£ 
£ 

275 
89 
50 
80 
13 

275 
89 
50 
80 
13 

275 
89 
50 
80 
13 

275 
89 
s0 
80 
13 

275 
89 
s0 
80 
13 

Earthworks 
including 
compaction 
at 6/-s per cu. yd. 

Light 
Medium 
Heavy 

£ 
£ 
£ 

2 250 
4 500 
6 750 

2 250 
4 500 
6 750 

3 000 
6 000 
9 000 

3 000 
6 000 
9 000 

3 000 
6 000 
9 000 

Culverts 
7 100 each 30 ft. 
£ 90 each 24 ft. 

Light 
Medium 
Heavy 

£ 
£ 
£ 

.900 
I 800 
2 700 

900 
I 800 
2 700 

1 000 
2 000 
3 000 

1 200 
2 400 
3 600 

1 400 
2 800 • 
4 200 

Bridges 
£ 750 single light 
£ 1 000 double light 
£1 500 single heavy 
£2 000 double heavy 

Single Width 
Double Width 

L 
L 

750 
1 000 

- 750 
1 000 

1 500 
2 000 

1 S00 
2 000 

1 S00 
2 000 

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

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

Shoulders 
(2) Total thickness feathered to 
nil over 2 ft. at 21/-s 
per cu. yd. compacted L 205 205 205 342 342 

StabilizLtion 
4 per cent cement at £ 20 
per ton, over running 
surface plus 2 ft. 1 370 2 JS0 

Stabilization 
processing and compaction 
at 50 per cent of cement cost L 685 1 175 

Surfacing 
Single or double surface 
dressing 

Single Double Single Double 

Prime 
M.C.O.. .15 gall. per 

sq. yd. at 3/4d. per gallor. 176 176 323 323 

First Seal 
80/100 pen at .22 gall. per 
sq. yd. at Z/lid. per gallon £ 225 225 415 415 

Second Seal - as First £ 225 415 

Losses - 10 per cent £ 40 63 74 116 
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APPENDIX 31 
(continued) 

Item 	 Class IV Class III Class II Class I Class Igravel gravel gravel bitumen 	IZ ft. bitumen 22 ft. 

Single Double Single Double 
11. at 90 sq. yd. par ton 
at 60/-s per ton L 235 	 431 

Spreading
 
Ditumen and chippings
 
50 pcr cent of ccst nf bitumen and
 
chippings 338 	 622 

Double %rface ressing
 
First application 4 In.
 
70 sq. yd. per ton at
 
60/-s. per ton L 301 
 552
 

Sorond application 3/8 in.
 
110 sq. yd. per ton at

60/-s. per ton L 192 	 353 

Sprayin 	 and spreading 
at 50 per cent of cost
 
bitumen and chippings £ 
 591 	 1 087 

Total for surfacing £ ] 014 1 773 1 865 3261 

Total construction cost
 
range, excluding £ 
 5 844 6 254 8 060 11 672 12 431 15 905 17 301compensation for loss 
 to to to to to to toof crop- range £ 12 394 12 804 16 560 20 572 21 331 25 205 26 601 

NOTE 	 The lower cost figure in each case refers to the condition of single width bridging, least number of culverts per mile and least amount of earthworks. The higher refers to the condition of double-width bridging, mostculverts per mile and maximum earthwork. Other combinations can be obtained by summing the appropriate 
costs. 

Compensation
 
Average amounts
 
paid on projects
 
including 15 percent H.Q.
administration cost. I£ 30 30 40 40 40 40 
 40
 

Total Contract 1 5 874 6 284 8 100 11 712 12 471 15 945 17 341Cost (including 15% profit) £ 12to424 12 834 16600 20612 to to21t371 25t245 26t641 

&t (15 per cent £ 766 820 1 050 1 528 1 627 2 080 2 262
of basic contract cost) £ Ito621 1to674 2to165 2to639 2to788 to to3 293 3 475 

Direct Works Cost L 5 108 5 464 7 044 10 184 10 844 13 865 15 079 
to to to

Marginal Economic Cost £ 
to to to to

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)) 
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APPENDIX 31 
(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) IV and III - II 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 II Road Class I 
(INo. per mile) IV and III Bitumen 

12ft. 22 t. 

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 

Bridges 
Road Class
IV and III 

Road Class
H 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 
Road consirutin costs for crop extraction nl district roads (earth surface) 

Departmental LostItem per mile 
Stage (a) Stage (b) 

Planning, field surve). design £50 £50 
Enriltlork-. ven%variable 200 150 

Culherts 25 . per ieni footsa%16 ft culverts, i.e. £20 
per culkert, sai 5 cul~crts per mile 

Bridges .500- 2000 per bridge ISO ISO 
apprommaleh £150 per mile 

Total Departmental Co.st £500 £450 
Add 100 per cent for inistn and Departmental 'Overheads' £500 . 150 

Total Direct Works Cost £1000 £900 

Direct Works larginal Economic Cost - Direct Works Cost - £1000- £900
29 per cent of 'Overheads' £145- £131

£855 £769 
Contract Cost = total dircet %orks cost + 15 per cent profit £000+ £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 standard
 

Cost per mileItem 
nilField survei - assumed done before for 


Design the original road nil
 
£25laterials surve%- location of and testing gravel 

£1100'artlhiorLs 	 - additional to those alread) done 


additional culkerts, repairs and replacements £350
Cuherts -

Bridges - strengthening existing Lridgef, replacing damaged parts £325
 

Base - 6 in gravel over 12 ft %%idthand shoulders £715
 

£2515
Total Department Cost 
£2515Add 100 per cent for 'Overheads' 
£5030TotalDirect gorks Cost 

Direct Works larginal Economic Cost - Total Direct Works Cost- £5030 - £729 
.£430129 per cent of overheads 

£5030 + £755Contract Cost - Total Direct torks Cost + 15 per cent profit 
-£5785
 

Note 	 These figures are approximate and apply to gently undulating ground. Hilly ground would
 

require greater earthiorks. It is assumed that the pipe culverts and timber decks of
 

bridges are not all replaced by concrete structures hlich %%ould add appreciably to the cost. 
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APPENDIX 36 
Metric equivalents as used in the calculations in this report 

1 foot - 0.3018 metres 

1 )ard . 0.9144 metres 

1 mile = 1609.35 metres 
. 1.60935 kilometres 

1 lb = 0.45359 kilograms 
1 ton (long) - 1016.05 kilograms 

- 1.01605 metric tons 

I cu.yd = 0 836131 sq. metres 
1 acre = 0.404687 hectares 

I sq. mile = 259.0 hectares 
- 2.59 sq. kilometres 

1 metre - 3.2808 feet 

1 kilometre = 0.62137 miles 

1 kilogram . 2.20462 lbs 

Imetric ton . 0.9812 long tons 
, 2204.62 lbs 

1 hectare - 2.47104 acres 

CODE OF SYMBOLS USED IN FIGURES I - 6 
Region District S)mbol 

Northern Mizimba I MA 

Rumpi I III
 
Nkata Bay I NY
 

Karonga I KA
 
Chitipa I CA 

Central Ncheu A NU 

Dedza A DZA
 
Lilongwe A LE
 

Salima A SA
 
Dows A DWA
 

Ntchasi A NI
 
Mchinji . A Il 
Kasungu A KII 

Nkota Kota A NA 

Southern Nnanje 0 NE 
C(,hi,%nwu 0 CA 
Cholo O (:0 
Mlanjn 0 ME 
Illuntyre 0 lipE 
Zomba 0 ZA 
KNuupe 0 K!" 
Fort Johnston 0 F"N 
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