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CURRENCY EQUIVALENTS

Currency Unit - Sudanese Pound (LS)

LS 1.00 100 piasters (pt) = 1,000 milliems (mm)

LS 1.00 = US$0.77

US$1.00 = LS 1.30 1/

WEIGHTS AND MEASURES

1 mile (mi) = 1.61 kilometers (km)
1 feddan (fd) = 0.42 hectare (ha) = 1.04 acres (ac)

1 metric ton (mt) = 1.1 short tons (t) = 2204.5 pounds
1 kantar of seed cotton (K) = 143 kilograms (kg) = 315 lb
1 kantar of cotton lint (k) = 50 kg = 110 lb
1 bale of cotton = 191 kg = 420 lb
1 rottle = 0.455 kg = 1.0 lb
I UK gallon = 4.54 liters (1) = 1.2 US gallons

All gallons are UK gallons (equal to 1.2 US gallons).
All tons are metric tons.
All dollars ($) are United States dollars (US$).
ths = thousands
mls = millions

Fiscal Year

July 1 - June 30

The following conventions are used for years:

Fiscal - 1979/80

Calendar - 1980

1/ For a history of recent exchange rate movements,
see Annex 1, Table 6.8.
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SUDAN
PRICING POLICIES AND STRUCTURAL BALANCES

ANNEX 2: AGRICULTURE IN SUDAN

Introduction

Thies annex provides the details of tlne analysis that lies behind
the conclusions presented in Chapter 3 on the ,agricultural sector in Sudan.

The first section examines the trends in yields in the
agricultural grector over the past 20-25 years, giving details by crop and
class of cultiLvation (irrigated, mechanized rainfed and traditional
rainfed). On the basis of this analysis, the msajor sources of growth (and
decline) during the period are identified.

The second section seeks to identify the price incentives to
agricultural production, in both nominal and real terms, and relative to
other act ivitiLes.

The third section examines the comparative advantage of various
crops in the Sudan grown under different conditions.

The fourth section seeks to identify degree and sources of
capital intensiity in agricultural production in Sudan. This issue is
particularly important because capital intensity seems to have been
increasing at the same time that capital has bacome increasingly scarce.
The annex also reviews the foreign exchange dependence of alternative
crops.

In the past it has often been argued that there is a shortage of
labor to carry out critical agricultural operations. The fifth section
reviews the evidence and concludes that the scarcity is more apparent than
real, reflectiLng not an absolute scarcity of labor, but inadequate wage
rates.

The final section of this annex reviews the effect of
transportationi costs in this vast country on agricultural costs and the
role of inform al credit in supporting agricultural production.





Annex 2.1

YIELD TRENDS AND SOURCES OF GROWTH IN AGRICULTURE

1. Tables 1 and 2 give the average yields and least square growth rates
for crop yields estimated for three distinct periods:]/

(1) 1965/1973, a period before the oil shocks, the riLsing price of
imported inputs and the focus cof invest1ment resoutrces on area
expansion;

(2) 1974/1981, a period following t.he oil shocks of J3/74 and the end
of the civil war; a period cloEsely associated with expanded
public investments, increasing imports,, declininlg real export
earnings from agriculture, increasing debt obligations and
foreign exchange constraints;

(3) 1981/1983, the years associated with urgent measures to
rehabilitate the agricultural sector anmd changinlg policies
designed to help the economy adjust to the oil slhocks and rising
external debt.

Averast Yields

2. Average yields for long staple cotton declined after 1973 and have
still not yet: recovered to their pre-1974 levels. Average yields for medium
staple cotton rose after 1973, while those foir groundnuts fell by the end of the
decade after showing considerable improvement in the mid 70's.

3. Average yields were lower between 1974/81 than in the earlier period
for wheat and sorghum in the irrigated sector and all crops except sorghum and
short staple cotton in the rainfed sector; they were significantly higher for
irrigated groundnuts. Yields have yet to recover to their pre-1974 levels for
irrigaited wheat and sorghum, and for groundnuts, sesame and millet in the
rainfed sector. In the Gezira cotton yields for all crops in 1981/83 remained
below the 19,71/81 averages (ref. Table 1).

Growth Rates in Cro Yields

4. The growth rates on yields since the mid sixties are distinctly
different for the irrigated and rainfed sectors.2/

5. In the irrigated sector, where the main crops are cotton, sorghum,
groundnuts anfd wheat:

I/ All tables are located at the end of each annex,

2/ The conclusions on the growth rates may appear Ito conflict with those
derived from average yields. The data are howelver consisltent; the average
yield figures focus attention on changeg between periods, while the growth
rates focus attention on changes during periods.



(i) the period from 1965/73 saw generally increasing yields due to
the use of higher levels of inputs, good manageent and
intensification. During this period the flow of essential
inputs-water, fertilizers, pesticides, seeds, machine
services-was well managed and assured. Yields increased
dramatically specially in the Gezira;

(ii) the period from 1974/81 saw a dramatic decline in yields with
negative growth rates for all the crops. This pattern is most
evident in the Gezira, but occurred throughout the irrigated
sector. During this period the flow of essential inputs was
interrupted, the financial viability and physical condition of the
schemes deteriorated and the quality of management in the sector
declined resulting in declining yields;

(iii) the period from 1981 to the present has seen a dramatic
improvement in yields, particularly in the Gezira.

6. In the rainfed sector where sorghum, groundnuts, sesame, millet and
gum arabic are as major crops:

gi) the period from 1965/73 saw generally decreasing yields which were
probably weather-related, but may in part also have been due to a
relative neglect of the sector;

(ii) the period from 1974/81 saw generally increasing yields for
rainfed groundnuts, millet and short staple cotton and slowly
decreasing yields for sesame. These increases for groundnuts and
millet were weather-related as generally better weather conditions
prevailed in rainfed areas. The decreases in sorghum yieldes were
related to the growing role of the mechanized rainfed secto-r which
follows low intensity extensive cultivation practices.

(iii) the period 1981/83 has seen major decline in rainfed
yields--groundnuts (-10% p.a.), sorghum (-16Z p.a.), millet
(-29Z). These declines were partly weather-related and in part
due to input scarcities and poor incentives.

Sources of Growth

7. Using production, yield and average data for various crops between
1971-83 we are able to decompose the changes in production experienced in this
period into their yield and area components--that is estimate the proportion of
the changes in output that can be attributed to changes in areas compared to
those that can be attributed to changes in yields. These results are reported
in Table 3. The first column shows the average annual percent change in total
output and the next two their decomposition into area and yield effects. The
last column gives the proportion of the change in total output that can be
attributed to yield changes alone.



8. Several important findings emerge from this analysis:

(i), most of the changes in output can be attributed to changes in
areas planted to the various crops. This is true whether or not
on the average output has decreased (e.g. long staple cottons and
irrigated sorghum) or increased (e.g. groundnuts and rainfed
sorghum). The exceptions are imhort staple cotton, sesame and
wheat where yield effects have tended to be marginally more
important;

(ii)) for the major rainfed crops--groundnuts, sorghum, area effects
dominate;

(iii) most of the crops have experienced declining yields with some
important exceptions-medium and short staple cottons, irrigated
groundnuts and wheat. But for a number of important crops
declining yields have been off set by increased acreages so that
output has continued to increase. This is particularly true of
rainfed groundnuts and sorghum (both mechanized and traditional).

(v) In the irrigated sector changesi in output are dominated by yield
effects for groundnuts and sor,ghum and by area effects for
wheat. For cotton, although t1he area effects dominate, much of
the change in areas can be accounted for by a switch from long
staple to medium staple cottons;

(vi) for both long staple cotton and irrigated sorghum, which have
experienced a decline in output, declining yields have played an
important role.

9. Th.Ls analysis tends to support the two basic premises on which the
short term setrategies for the recovery of the agricultural sector have been
based, namely: In the rainfed sectors, output changes can be readily made by
expanding or contracting the areas planted, because land in general is not a
constraining factor. It is the other resources--inputs, labor, transportation
and above alL viable technologies--that are major constraints. Strategies for
increasing ou1tput in this sector will have to rely mainly on area expansion in
the short run while in the longer term a major effort: will have to be made in
providing the research, transportation and institutional infraestructure needed
to make this sector more productive and export oriented. All the same efforts
will be needed to establish cultivation practices consistent with the long term
productivity of the soil. In the irrigated sector (and mainly government
managed schemnes), output changes have to rely more heavily on changes in the
yield componients as the potential for area expansion is limited in the short run
due to the high capital costs of developing new irrigation schemes and the
limits on thie availability of water under the Nile Water Agreemient. Efficient
management of resources and incentives will be needecl to reverse the generally
declining yield trends of recent years. Strategies in this sector must focus on
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providing the necessary inputs, management and incentives needed to increase
yields. In the longer term, more irrigated areas can be brought under
cultivation once the Jonglei canal is completed and additional water is
available.

10. Table 4 compares the recent yield performance of selected crops; in
Sudan with the performance in other countries. For the main irrigated crop
cotton yields are far below comparable yields in Egypt and way below those in
the US and Israel. This is also true for wheat compared to India, Egypt and
Pakistan, and groundnuts and sorghum compared to China and the U.S. This
suggests that, even taking account of differences in soil, climate and water
availability, the scope for increasing yields is large in the Sudan.

11. However, there will be a price to pay for increasing yields beyond the
historical levels achieved before 1974. There is some though not conclusive
evidence (from controlled experiments over 50 years on cotton in Gezira) that
after the introduction of intensification and the elimination of fallows from
the cropping patterns, base yields (with zero fertilizer use) have been dropping
due to reduced fertility of the soils.3/ This can only be offset by, (i)
reintroducing fallows (and reducing intensities), (ii) introducing new varieties
of legumes in the cropping rotations, and (iii) increasing fertilizer inputs at
a higher marginal cost per output.

12. But before further increases in nitrogen inputs are allowed in the
irrigated sector, careful comparisons should be made to see whether at the
margin it would be more desirable to increase nutrient use in the irrigated
sector (going from, say, 2N to 3N per feddan on cotton)4/ or to increase
nutrient use in the rainfed sectors (going, say, from zero use to 1N per feddan
on cotton), at least in areas where rainfall is relatively reliable. At
present, little attention is being paid to evaluating the trade-offs between the
use of critically short traded inputs (fuels, fertilizers and machinery) iLn the
irrigated vs. the rainfed sectors, and the choice between increasing investments
at the intensive vs. extensive margins. In the longer term, when additionlal
irrigated areas can be brought under cultivation via water from the Jonglei
canal, an evaluation will have to be made on whether, at the margin, it is more
effective to increase intensification and fertilizer use on existing irrigated
areas or exploit new irrigated areas.

3/ This detailed experimental work has been done by Dr. H. Ishaq at A.R.C.

4/ 1N is equal to 40 lbs of nitrogen per feddan.
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Table 1
SUDAN: AVERAGE COP YIELDS

(Yield of Cotton in K/Ed and Other Crops in kg/fd)

Crop 1965/73 1974/81 1981/83

All Sectors

Cotton 3,,3 2.9 3.3

Long Staple 4,,4 3.2 3.1

Medium Staple 2.,6 3.3

Groundnuts 330.1(a) 375.3 317.4

Irrigated

Groundnuts 667.8(a) 892.0 717.6

Wheat 514.(a) 434.6 450.0

Gezira

Cotton (LS) 3.8(c) 3.3

Cotton (MS) 4.8(C) 4.6

Groundnuts 7 2 3 .6 (b) 1057.4 6E67.3

Sorghum 6 47 . 4 (b) 5i06.0 378.1

Wheat 52 3. 5 (b) 4,50.1 4,34.1

Rainfed

Groundnuts-Rainfed 273.7(a) 2'66.0 2!46.4

Sesame-Total 14 4 .0(b) 1.00.0 1.13.8

Cotton-Short Staple X.88 0.91 1.38

Millet-Total 222.9(a) 1.53.8 1.67.8

Sorghum-Rainfed 100.7(b) 1.85.7 -

a) 1962/1973; b) 1971/73; c) 1971/81

Note. 1 Kantar (K) of seed cotton weighs 143 kg.
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Table 2
SUDAN: GROWTH RATES IN CROP YIELDS

Long Term
Crop 1965/73 1974/81 1981/83 Growth

All Sectors (Percent per Annum)

Cotton 6.4 -6.9 36.3 0*4(d)

(Long Staple) 3.0 -10.5 37.0 -0.6(d)

(Medium Staple) 2.9 -0.1 24.7 2.6(d)

Groundnuts -O.9(a) -1.6 -3.8 -

Irrigated

Groundnuts 1.3(a) -2.5 8.3 1.7(e)

Wheat -1.9(a) -5.1 41.1 -1.3(e)

Gezira

Cotton (LS) - -8.3(c) 37.7 -4 .7(f)

Cotton (MS) - -2.6(c) 37.1 _O.81(f)

Groundnuts 74.4(b) -6.8 15.1 O.6(f)

Sorghum 40.5(b) -11.2 32.9 -4.6(f)

Wheat 31.O(b) _9.7 54.7 -223(f)

Rainfed

Groundnuts -2.8(a) 1.3 -10.5 -.91(e)

Sesame -1 3 . 2 (b) -0.6 4.2 -2,1(f)

Cotton(Short Staple) -0.7 7.0 30.4 -0.2!(d)

Millet -3.6(a) 5.3 -28.9 -3.1(e)

Sorghum - 6 .0(b) -0.0 -15.5 -0. 7 (f)

(a) 1962/73; (b) 1971/73; (c) 1971/81; (d) 1954/83; (e) 1962/82; (f) 1971/83.

Note: All growth rates are based on least-squares log-linear regression
estimates.
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Table 3
SUDAN: SOURCES OF CHANGE IN AGRICUL1TuR OUTPUT (1.971/83)

Average Arnual Percent Proportion
Changet in Output: of Change

Crop Area Yield in Output
Total Effects Effects Attributed

to Yield

All Sudan (Percentages i

Cotton -13.9 -12.1 -1.8 13.0

Long Staple -30.9 -16.8 -14.1 45.8

'Medium Staple 16.2 13.3 2.9 18.1

Short Stable 0.8 -2.3 3.1 57.9

Groundnuts 13.5 18.2 -4.7 20.2

Irrigated 5.1 3.3 1.8 36.2

Rainfe,d 8.5 12.5 -4.0 24.1

Sesame -13.1 -6.1 -7.0 53.0

Wheat 1.4 0.7 0.7 51.0

Sorghum 43.2 77.3 -33.9 30.5

Irrigated -3.1 -2.0 -1.1 36.7

Rainfed 46.3 74.4 -28.1 27.4

Mechanized (1974-83) 33.9 62.4 -21.3 31.3

Traditional (1974-83) 12.7 21.8 -9.1 29.5

Rice 0.5 0.5 -0.0 3.1

Gezira Only

Cotton -19.8 -10.0 -9.8 49.2

Cotton 6.7 6.6 0.1 1.1

Groundnut 4.8 0.0 4.8 100.0

Sorghum -1.6 0.9 -2.5 73.4

Wheat 6.7 4.2 2.5 37.0
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Table 4
RECENT YIELD PERFOMIANCE OF SELECTED CROPS IN SUDAN

AND OTHER COUNTRIES
(Kg/ha)

1979 1980 1981 1982 Average

Cotton Lint
Egypt (a) 878 963 1012 1045 976
USA (a) - 1109 1252 1216 1192
Israel (b) 1335 1323 1352 1437 1362
Sudan (a) 820 684 618 1058 795

Groundnuts (b)
China 1366 1503 1431 - 1433
India 797 727 800 - 775
USA 2927 1849 2974 - 2583
Sudan 862 894 828 - 861

Sorghus (b)
USA 3423 3935 2903 4025 3572
India 708 699 673 719 700
China 2328 2412 2387 2500 2407
Sudan 274 363 746 897 570

Wheat (b)
Pakistan 1316 1488 1563 1640 1502
Egypt 3323 3177 3225 3162 3222
India 1480 1568 1436 1650 1534
Sudan 731 1257 736 1137 965

Source: Comuodities Division, EPD, World Bank.

(a) Irrigated
(b) Irrigated and Unirrigated
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Annex 2.2

PRICE INCENTIVES IN GRICULTURE

1. Price incentives (along with the tiziely avallability of inputs) are
critical to notivating producers to achieve higher yields and onatput. Both the
schemes and the producers are likely to gain if producers prices are gradually
but continually adjusted towards their border price equivalents and the exchange
rate isI adjusted to reflect the proper opportumity coist of inputs and outputs.

2. To see how price incentives effect production we need to evaluate them
in real and relative terms--that is adjusted iEor inflation and relative to
border prices, relative to other input and oultput prices and relative to other
goods farmers have to purchase as reflected in the coasumer price index.

Border and Dcomestic Prices.

3. First, consider domestic producer prices in relation to their producer
price equivaJLents. Table 1 gives the relevant data. Several points can be
made:

(a) both the nominal f.o.b. and domestic producer prices have been
rising rapidly for the period for practically all crops; domestic
prices have risen dramatically for cotton and sorghum;

(b) domestic producer prices have been higher than their border price
equivalents for sorghum and wheat, sugSesting a positive
protection for these crops and hence an incentire to increase
production;l/

(c) domestic producer prices have been lowrer than their border price
equivalents for groundnuts, sesame and for cottom (specially
after 1974). This suggests that there has been a "negative
protection" to domestic producers (priLces received are lower than
under free trade) and a positive benefit to domestic
consumers. 2/

1/ These ratios actually underestimate the nominal protection. Strictly
speaking border price equivalents would have to adjust for processing,
marketing and transportation costs. The, ratio of the domwstic price to the
adjusted border price is the nominal protection coefficienat (NPC) and its
value greater than unity indicates a pogiitive protection to producers (and
aL tax on consumers) compared to the "free trade" case.

2/ In thisi case the ratios overstate the negative lprotection as adjustment for
other costs would have reduced the border price equivalents and hence the
vralue of the ratios.
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Domestic Terms of Trade

4. No time series data are available for input and output costs and net
farm incomes for Sudan so that effective protection rates cannot be determined.
It is possible, however, to calculate the barter and income terms of trade for
the major crops. This analysis is presented in Tables 2 and 3.

5. Deflating the index of producer prices by the consumer price index for
low income groups in urban areas, (as a proxy for the rural consumer price
index) 3 / we calculate the net barter terms of trade (ref. Table 2). The
results show that although nominal producer prices increased dramatically in
Sudan between 1972 and 1981, the real producer prices (the barter terms of
trade) declined for wheat and sesame. For cotton, while the ex-store prices
paid to the SGB increased over four folds between 1972/81, the barter terms of
trade suggest a decline in real terms of around 20 percent by 1980/81.4/

6. By estimating the total value of domestic production at producer
prices we can calculate the index of gross producer incomes. Deflating this by
the urban-CPI proxy gives the real income terms of trade. (These refer to gross
income because costs of inputs have yet to be deducted to get net incomes).
Again, the results show that whereas gross nominal incomes have risen
dramatically for all crops, real crop incomes have declined for cotton, wheat
and sesame but have risen for sorghum and groundnuts. These trends help explain
the tendency for farmers to shift out of cotton, wheat and sesame production and
into sorghum and groundnuts where these crops compete for land. As a expected
in the traditional rainfed areas, sorghum and groundnut production have gained
at the cost of short-staple cotton. In the irrigated subsector, wheat, sorghum
and groundnuts have gained at the cost of cotton production. In the rainfed
mechanized areas sorghum production has increased dramatically. Real gross
producer returns--induced by relative price incentives-have been a major factor
in explaining the production shifts in the past decade in Sudan-shifts that
have seen the production of cotton and its exports decline dramatically. 5/

3/ There are no data available to allow the construction of a rural consumer
price index as no rural expenditure surveys have been undertaken. This is
a major gap in the data. As sorghum is the main food staple in rural areas
and between 60-80% of the rural consumer expenditures usually go to food
items, the price of sorghum could serve as a useful proxy for the rureal
CPI. But domestic sorghum prices have been extremely volatile and
distorted due to Saudi incentives for export. We, however, have data on
sorghum prices prevailing in the Gezira which are likely to be less
volatile, and can be used as a deflator. The CPI (urban-low) may be an
understimate of the rural CPI were one available. Further when we are
looking at relative incentives among crops, the choice of the deflator
does not matter.

4/ We do not have later data as these prices are calculated from SGB ac:counts
for which data are available only from 1972 to 1980.

5/ The decline in the barter and income terms of trade for cotton seem even
greater when sorghum prices are used as a deflator. See Table 3.



- 11 -

Returns in the Gezira

7. For the irrigated sector we can go even further as we have data on
both gross and net returns (net of input costs and other expenses) to crop
production in the Gezira for the period 1972-B0. These values shown in Table 4/
in botlh nominal and real terms, make the point even msore dramatically. Real net
returns to aLl crops have declined sharply in the Gezira between 1973 and 1980.
They declined relatively more for cotton than for other crops. Net returns to
cotton declined by 80%, groundnuts by 73%, wheat by 52% and sorghum by 50% over
the period.6/ In this period the Gezira experienced a decline in cotton
production Trom an average of 449,000 mt in 1970/71 to a low of 181,000 Mr in
1980/81--a decline of over 40%.

8. In 1981 and 1982 however, producer prices, especially for cotton,
appear to have improved considerably, and the cotton prices that are to be paid
to producers are announced ahead of time. Accounts on costs of production are
kept for eaclh individual crop and each tenant separately. Eachk tenant can now
calculate for himself what his net returns from each crop will be--both for the
cotton he has to sell to the SGB and the other outputs which he is free to sell
on his own.

9. As producers finally begin to respc,nd to the real rel:urns to their
individual effort, there is a need to evaluat;e this niew system of production
relations in the irrigated schemes to assure that producers continue to feel
better off. There is some evidence that in the Gezira Scheme a change from the
joint to the individual accounts system in tile 1979/8S0 season, though increasing
the overall net returns to cotton, led to a d[ecline iLn average incomes and an
increase in income inequalities a natural developmeni: consistent with the drive
to provide better incentives to efficient praducers.7/ The ef:Eect of the new
system of individual accounts, though beneficial at 7The outset, needs to be
carefully studied and monitored.

10. Finally, there is also the question of whether these irrigated schemes
should continue to be run as large top-down iitate farms with as little
initiative as possible allowed to tenants. Since temants had Little leeway to
plan their area allocation to different cropgs, were lprovided all services by the
schemes and after deduction of individual costs, wer,e given the residual as
income, there was little incentive for them t:o allocate additiDnal resources to
the controlled cotton crop. Instead, effort in the past has been directed
towards uncontrolled activities-wheat, sorghum, vegetable production, livestock
activities atnd specially a variety of non-farm enterprises--from which the
tenants stood to reap higher benefits for their effort. The change towards the
individual accounts is a step in the right d:Lrection because it gives the
tenants better information on the real returns to their resources and hence
allows more efficient allocation of their efforts. But tenants are still not
free to choose what crops to grow, what inputs and services to use and from what
source and rhere to sell the output. Consideration needs to be given to

6/ The dec:lines are even more pronounced iE Gezira sorghum prices are used as
a deflator. These results are shown in Table 5.

7/ JUi Abdel Gadir Ali and Huda Abdel Sattar, "On Production Relations in
Sudanesie Irrigated Agriculture," University of Gezira, June 1981.
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meaures to further place choice and consequences sore in the hands of the
tenants, and less in the hands of the scheme and their anagers. The constant
refrain heard in Sudan that "if left to themselves the tenants would not grow
cotton" does not bear weight, for millions of farmers around the world grow
cotton without being forced to do so; and Sudan has the natural resources
required to become an efficiently competitive producer of cotton for world
markets. It is a matter of providing incentives at the farm level so that
cotton becomes the most profitable crop to the peasants, as it is deemed to be
the most profitable crop for the nation.

11. In an excellent study of water allocations in the Gezira, Ha-id
Faki has shown how scheme level and tenant objectives are often in conflict. 8 /
Tenants have adopted a method of unattended night watering and other measurel to
rationalize the allocation of water to various crops by reducing labor Input for
irrigation-thus essentially bypassing scheme regulations. He states that:

'Within the limits of freedom attained under the existing situation, the
tenant shifts resources, especially irrigation water, from cotton growing
to the production of other crops which yield more returns to scarce
resources than cotton does at current prices. If, however, the tenant were
completely free to decide, he would grow no cotton and would increase the
production of wheat and sorghum instead. This is in opposition to national
efficiency criteria where cotton yields the highest returns to scarce
resources at economic prices. If the contradiction between the micro and
sacro economic levels are to be minimized within the existing situation,
other price relationships should prevail at the farm level. 9 /

12. As with water so with other inputs, services and crops. Tenants will
always seek to meet their objectives which include-in addition to maximizing
returns-the needs of subsistence (hence the production of sorghum) and a desire
to Incorporate livestock into their farm plans. Currently over a million
livestock animals exist "unofficially" in the scheme and no allowances have been
made for fodder area. Yet the scheme anagers continue to believe "that tenants
oat do what they are told to do", and if they don't, they are somehow behaving
perversely. The paternalistic systen of relationships by which the schemes have
been run may have outlived its usefulness.

13. Some steps have already been taken to study these issues. A number of
studies are being planned as part of the Gezira Rehabilitation project to, look
into these and other related issues in the irrigated schemes. These studies
will explicitly examine such issues as the optimal size of the tenancies, the
relationship between tenant and scheme level goals, the role of informal shiel
credit systems, the possibility of Introducing private machinery services, the
role of livestock and the crop and Input marketing systems in the schemes.

8/ Humid Faki, Economics and Managment of Irrigation in the Sudan Gezira
Scheme, Doctoral Disertation, University of Hohenheim, April 1982.

91 Op.cit. p.159.



Table I
SUDAN: FOB AND PRODUCER PlI UTOR MAIN AGRICULTURAL CROPS

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

1. FOB Pricea)(LSIHT)
8

Cotton-LS 278.2 337.8 553.8 454.0 842.9 633.9 1080.0 1137.9 1179.4 1346.5

Sorghum 31.3 28.5 34.1 51.4 45.8 41.5 51.3 74.3 101.9 134.1

Groundnuts 86.7 85.0 95.3 195.5 144.2 160.7 206.6 300.3 341.4 565.2

Wheat 38.8 31.9 54.8 71.6 68.5 61.9 49.3 65.9 111.7 132.7

Sesame 100.9 110.4 106.2 207.2 189.8 198.8 206.8 348.3 513.1 689.1

2. Producer Prices b)

Cottonr-LS (Scheme)c/ 276.2 335.5 550.0 388.2 714.3 544.0 713.8 821.0 900.0 1200.0

Sorghus 20.0 29.5 43.2 71.0 51.3 48.5 80.4 84.3 180.0 175.3

Groundnuts 28.0 52.0 55.0 59.0 63.0 60.0 70.0 131.0 78.0 263.0

Wheat 37.0 40.0 64.0 65.0 65.0 75.0 75.0 85.0 118.0 160.0

Sesame - - 86.0 89.0 110.0 86.0 120.0 198.0 260.0 300.0

3. Producer Prices as a %of Border Prices

Cotton-LS (Scheme) 99.3 99.3 99.3 85.6 84.7 85.8 66.1 72.2 76.3 89.2

Sorghum 63.9 103.6 126.6 138.0 112.1 116.9 156.6 113.4 176.8 130.6

Groundnuts 32.3 61.1 57.7 30.1 43.7 37.3 33.9 43.6 22.8 46.5

Wheat 95.4 12,.3 116.9 90.8 94.9 - -1211 15 9 lQ6 120.5

Sesame - - 81.0 43.0 58.0 43.3 58.0 56.8 50.7 43.5

4. Index: Ratio of Producer to FOB Prices

Cotton-LS (Scheme) 100.0 100.0 100.0 86.2.0 85.3 86.4 66.6 72.7 76.7 89.8

Sorghum 100.0 162.1 198.1 216.0 175.4 183.0 245.O 177.5 276.3 204.4

Groundnut. 100.0 189.3 178.5 93.4 135.4 115.6 104.9 135.0 70.7 144.0

Wheat 100.0 131.4 122.5 95.2 99.5 126.9 159.3 135.2 110.7 126.3

Sesame - - 100.0 53.0 71.6 53.4 71.6 70.2 62.6 53.8

a) Converted at the Effective Norm ExchaionePRat.s
b) Sources: Sudan Gezira Board, and Internal Trade Statist-ics, eminoutorY ti~±es- Panig

c) TiRs- isth rc o-r long staple 'coYt-of JLur- Pa'uL U chmato



Table 2
SUDAN: AGRICULTURAL SECTOR: DOMESTIC TERMS OF TRADE

(CPI used as deflator) a/

Unit 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

1. Consumer Price Index 1972-100) 100.0 117.1 147.8 182.9 186.2 217.4 260.5 340.9 427.3 532.2
(Urban-Low)

2. Producer Prices (LS/MT)

Cotton LS (Scheme) 276.2 335.5 550.0 388.2 714.3 544.0 713.8 821.0 900.0 1200.0 1580.0 1920.0
Sorghum 20.0 29.5 43.2 71.0 51.3 48.5 80.4 84.3 180.0 210.0 262.0
Groundnut 28.0 52.0 55.0 59.0 63.0 60.0 70.0 131.0 78.0 263.0 - 801.2
Wheat 37.0 40.0 64.0 65.0 65.0 75.0 75.0 85.0 118.0 160.0 230.0 280.0
Sesame - - 86.0 89.0 110.0 86.0 120.0 198.0 260.0 300.0 - 640.9

3. I'Ldex of Producer Prices (1972-100)

Cotton-LS (Scheme) 100.0 121.5 199.1 140.6 258.6 197.0 258.2 297.3 325.9 434.5 572.1 675.2 *
Sorghum 100.0 147.5 216.0 355.0 257.7 242.7 401.90 421.4 900.0 1050.0 1310.0 -
Groundnut 100.0 185.7 196.4 210.7 225.0 214.3 250.0 467.9 178.6 939.3 - 2861.6
Wheat 100.0 108.1 172.9 175.7 175.6 202.7 202.7 229.7 318.9 432.4 621.6 756.7
Sesame (1972-100) - - 100.0 103.5 127.9 100.0 139.5 230.2 302.3 348.8 - 745.3

4. Barter Terms of Trade (3 I. 1)

Cotton-LS (Scheme) 100.0 103.8 134.7 76.8 138.9 90.6 99.1 87.2 76.3 81.6
Sorghum 100.0 125.9 146.1 194.1 137.7 111.5 154.3 123.6 210.6 164.7
Groundnut 100.0 158.6 132.9 115.2 120.8 98.5 95.9 137.2 65.1 176.5
Wheat 100.0 92.3 117.0 96.0 94.3 93.2 77.8 67.4 74.6 81.2
Sesame - - 100.0 83.6 101.5 67.9 79.1 99.8 104.6 96.8



Tble 2cont
SUDAN: AGRICULTURAL S8CTOR: W STIC TERMS OF TRADE

(CPI used as deflator) a/

Unit 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

5. Productlon ('000 MT)

Cotton 684 555 671 647 316 459 559 396 329 304 458 563
Sorghum 1591 1301 1691 1681 1991 1800 2017 2380 1669 2103 3345 2044
Groundnut 387 568 554 928 796 738 1027 813 852 741 720 502
Wheat 124 152 235 269 255 294 317 168 233 130 163 180
Seame 296 340 240 234 218 247 245 214 209 211 242 140

6. Value of Production
at Producer Prices (Mill. LS)

Cotton-LS (Scheme) 188.9 185.9 369.1 251.2 225.7 249.7 399.0 325.1 296.1 364.8 723.6 1080.9
Sorghum 31.8 38.4 73.0 119.3 102.1 87.3 162.1 201.1 300.4 441.6 876.4 -

Groundnuts 10.8 29.5 30.5 54.7 50.1 44.3 71.9 106.5 66.5 194.9 - 402.2
Wheat 4.6 6.0 15.0 17.5 16.6 22.0 23.8 14.3 27.5 20.8 - 50.4 t
Sesame - - 20.6 20.8 23.9 21.2 29.4 42.4 54.3 63.3 - 39.7

7. Index of Gross
Producer Incomes (1972-100)

cottou-LS (Scu0) 1'00.0 9e.4 195.6 !330 119=5 137 7 11-7 179.1 156A 193.1 3R3.0 572.2
Sorghum 100.0 120.6 229.6 375.1 320.9 274.4 509.6 632.1 944.1 1158.6 - -

Groundnuts 100.0 272.6 281.2 505.3 462.8 408.6 663.4 982.9 613.3 1799.3 - -

Wheat 100.0 132.5 327.8 381.1 361.3 480.6 518.2 311.2 599.3 453.3 - -

Sesame - - 100.0 100.9 116.2 102.9 142.4 205.3 263.3 306.7 - -

8. Income Terms of Trade (7 1)

Cotton-LS (Scheme) 100.0 84.0 132.3 72.7 64.2 60.8 81.1 505.6 36.7 36.3 -

Sorghum 100.0 102.9 155.3 205.1 172.4 126.2 195.7 185.4 220.9 217.7 -

Groundnuts 100.0 232.7 190.2 276.3 248.6 187.9 254.7 288.3 143.5 338.1 -

Wheat 100.0 113.5 221.8 208.4 194.0 221.0 198.9 91.3 140.2 85.2 -

Sesame - - 100.0 a1.5 92.2 69.9 80.8 89.0 9i.i 85.2 -

*/ Khartoum Lower Salaried Employees Index
b/ This is the price for long staple cotton lint paid to the scheme authorities.

Sources: Sudan Gezira Board and Internal Trade Statistics.



Table 3
SUDAN: AGUCULTURhL SECTOt DHSTIC TblIS OF TRADE

Unit 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

S. Production ('000 MT)

Cotton 684 555 671 647 316 459 559 396 329 304 458 563
Sorghum 1591 1301 1691 1681 1991 1800 2017 2380 1669 2103 3345 2044
Groundnut 387 568 554 928 796 738 1027 813 852 741 720 502
Wheat 124 152 235 269 255 294 317 168 233 130 163 180
Seam 296 340 240 234 218 247 245 214 209 211 242 140

6. Value of Production
at Producer Pricea (Mill. 18)

Cotton-Ls ((Schem) 188.9 185.9 369.1 251.2 225.7 249.7 399.0 325.1 296.1 364.8 723.6 1080.9
Sorghum 31.8 38.4 73.0 119.4 102.1 87.3 162.2 201.1 300.4 441.6 876.4 -
Groundnut. 10.8 29.5 30.5 54.8 50.1 44.3 71.9 106.5 66.5 195.0 - 402.2
Wheat 4.6 6.1 15.0 17.5 16.6 22.0 23.8 14.3 27.5 20.8 - 50.4
Sea.. - - 20.6 20.8 24.0 21.2 29.4 42.4 54.3 63.3 - 89.7

7. Index of Gross
Producer Incones (197 2-100)

Cotton-LS (Scheme) 100.0 98.4 195.6 133.0 119.5 132.2 211.2 172.1 156.8 193.1 383.0 572.2
Sorghum 100.0 120.6 229.6 375.1 321.0 274.4 509.6 632.1 944.1 1158.6 - 1095.6
Groundunts 100.0 272.6 281.2 505.3 462.8 408.6 663.4 982.9 613.3 1799.3 1200.0 -

Wheat 100.0 132.5 327.8 381.1 361.3 480.6 518.2 311.2 599.3 453.4 - 372.4
Sesame (1974.100) - - 100.0 100.9 116.2 102.9 142.4 205.3 263.3 300.7 - 435.4

8. Income Terms of Trade (8 1)

Cotton-LS (Scheme) 100.0 66.7 90.5 37.5 46.4 54.4 52.6 40.8 17.4 18.4 29.2 -
Sorghum 100.0 81.7 106.2 105.7 124.6 113.0 126.8 150.0 104.9 110.3 - -
Groundnuts 100.0 184.8 130.1 142.4 179.6 168.4 165.1 233.2 68.1 171.4 - -
Wheat 100.0 89.8 151.6 107.4 140.2 198.0 128.9 73.9 66.6 43.2 - -

Sese (1974-100) _ - 100.0 61.5 97.5 91.8 76.6 105.3 63.2 63.1 - -

Source: Sudan Gezira Board and Internal Trade Statistices.



Table 4
SMIAN: NICUINAL AND REAl RETURNS TO CROPS IN THE GUZIRA 1972-80

(CPI used as deflator)

Unit 1972 1973 1974 1975 1976 1977 1978 1979 1980

Nominal Gross Returns (a) LS/PD

Cotton 32.2 44.6 39.6 39.0 83.9 45.0 80.7 85.3 31.6

Wheat 19.0 20.0 37.0 25.0 25.0 44.0 49.0 21.0 65.0

Groundnuts 14.0 66.0 69.0 88.0 48.0 52.0 87.0 52.0 90.0
Sorghum 9.0 29.0 43.0 71.0 31.0 32.0 30.0 29.0 52.0

Nominal Net Returns (b) LS/FD

Cotton 15.1 20.9 18.6 17.6 39.4 21.4 37.9 40.1 14.9

Wheat 7.0 8.0 23.0 7.0 10.0 17.0 20.0 -1.0 14.0

Groundnuts -1.0 53.0 55.0 70.0 28.0 30.0 63.0 26.0 52.0

Sorghum -3.0 18.0 58.0 13.0 19.0 20.0 17.0 14.0 33.0

C.P.I. a/ (1970.100) 108.2 120.9 141.6 221.1 225.1 262.9 314.9 412.1 516.0

Real Gross Returns (1973-100)

Cotton 84.5 100.0 70.4 53.8 118.4 54.3 81.4 65.7 19.4

Wheat 111.3 100.0 146.6 80.0 78.6 118.5 110.7 36.1 89.1
Groundnuts 24.8 100.0 82.8 85.4 45.7 42.4 59.3 27.1 37.4

Sorghum 36.3 100.0 117.5 156.8 67.2 59.4 46.5 34.4 49.1

Real Net leturns (1973-100)

Cotton 84.5 100.0 70.4 53.8 118.4 54.3 81.4 65.7 19.4

Wh"t 102.5 100.0 227.8 56.0 78.6 114.4 112.4 -4.3 48.0

Grounilnutt -2.2 100.0 82.2 84.5 33.2 30.5 53.4 16.8 26.9

Sorabum -19.5 100.0 255.3 46.2 66.4 59.8 42.5 26.7 50.2

Source: (a) Mhrtoum Lover Salaried Vorkers Indez. (b) Sudan Gzira Board.
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Annex 2.3

COMPARATIVE ADVANTAGE IN AGRICULTURE: THE EVIDENCE FROM RECENT STUDIES

1. A number of studies of competitive advantage have been carried otlt
recently by donor agenciesl/ and GOS in Sudan. The most comprehensive are! also
the most recent ones carried out by the Ministry of Finance and Planning.2/
Some of the results on estimated domestic resources costs (DRC) are shown7ln
Tables 1 and 2. These measure the domestic costs per unit of foreign excbhange
earned or saved in the domestic production of a commodity and hence the relative
efficiency of producing any given commodity domestically as compared to
the foreign exchange that could be saved by not importing or earned by
exporting.

2. The four basic findings (subject to caveats discussed later) that
emerge from these studies can be briefly summarized:

(a) Sudan has a clear comparative advantage in the production of nearly
all crops for export--with the exception of rice--under the recent
conditions of technology, prices and yields prevailing in the
country.3/

(b) Given current yield levels many crops grown under traditional or
rainfed mechanized conditions--definitely sorghum and sesame and in
some studies wheat and groundnuts--show a higher comparative advantage
than their counterparts grown under irrigated conditions.4/

1/ These are: (a) K. Nashashibi: "A Supply Framework for Exchange Reform in
Developing countries: The Case of Sudan." IMF, 1979. (b) C. E.
Youngblood, 0. I. Franklin and A. Valdez: "The Structure of Incentives in
Sudan's Rainfed Agricultural Sector," Sigma One Corporation, Raleigh, Feb.
1982. (c) Ministry of Finance and Economic Planning: "Comparative Study
of Cost of Growing Wheat in Sudan and Importing it from Abroad," prepared
by the Sudanese Consultation Bureau, Khartoum, Dec. 1982. (d) T. Moe,
"Sudan: Export Development Study," Report No.4263-Su, East Africa Regional
Office, World Bank, Dec. 1982.

2/ These are: (a) A. Sattar, "Study of the Cost of Production and Comparative
Advantage of Crops under Different Farming Systems in Sudan, UNDP/IBRD,
Planning Assistance and Training Project, Ministry of Finance and Planning,
Khartoum, May 1982 (draft) and (b) Democratic Republic of Sudan:
"Comparative Advantage of Agricultural Products," UNDP/IBRD Planning
Assistance and Training Project, Ministry of Finance and Planning,
Khartoum, April 1983.

3/ This is seen by comparing the value of the DRC with the shadow exchange
rate (SER). If the DRC per unit of foreign exchange earned/saved is less
than the SER, it implies a comparative advantage in producing a product
domestically. A SER of LS 1.8/$ is taken as the basis for comparisons as
it is the prevailing parallel market rate.

4/ This is seen by comparing the DRC's. The lower the absolute value of the
DRC the higher its comparative advantage and hence its ranking. The crops
in Table 1 are listed in accordance with their ranking in the Moe study
using 1982 data.
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(c) Sudan also has a high comparative advantage in producing and exporting
livestock--both cattle and sheep.

(d) Suclan also has a comparative advantage in the domestic production of
wheat as an import substitute under certain conditions in irrigated
areas.

3. ThiLs suggests that Sudan's basic strategy of relying on its
agricultural sector for both recovery and export growth is well grounded in
economic efficiency and comparative advantage.

4. These findings are, however, conditional on the price, yield and
exchange rate assumptions used in the studies, and simple static measures of DRC
based on single year data can be misleading. This is specially true for data
from 1980/81 because in that year yields had reached an all tine low, especially
in irrigated areas after a continual six year decline starting in the early
1970s. CognLzant of this fact and recognizing that DRC measures are often
sensitive to changes in yields, input levels, prices and the treatment of traded
vs non-traded inputs, the latest studies carried out by the GOS, attempt to
arrive at more robust results by doing extensive sensitivity aralysis.5/ Their
findings do not change the major conclusions, but thety do show that a recovery
to higher yields and hence productivity levels is critical to Sudan's
comparative advantage. How critical is evident from Table 2, which shows that
at low productivity levels which Sudan has experienced in recernt years, even its
main export-cotton looses its comparative advantage.6/ Other crops have a
definitely lower comparative advantage. Moe's studyfalso makeE the same point
by projecting DRCs for 1985-90 on the basis of higher yields (see Table 2) which
restore the ranking of irrigated cotton. Due to very low yields experienced in
the Gezira in 1980/81, cotton had been placed at the bottom of the rankings.

5. Thus yield increases and the recovery of yi.elds to or above pre-1973
levels are a basic pre-condition for sustaining the comparative advantage
specially in the irrigated sector. This only reinforces the imaportance of
maintaining the yield recovery of recent years, especially in t:he irrigated
sector, as an essential ingredient to a recovery program.

5/ Democratic Republic of Sudan (1983) op.cit.

6/ That is, the DRCs exceed the comparable shadow exchange rate of LS 1.8/$ at
the low productivity level. Although the GOS studies assume 'low,'
'mediumi' and 'high' productivity levels in their sensitivity analysis, they
do not identify what these assumptions Lmply in terms of input use and how
they compare to current levels of input use and yields.
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6. Continuing devaluations further encourage efficient exploitation of
Sudan's comparative advantage for all crops by uaking traded outputs more
competitive and the use of imported inputs-specially in the heavily import
dependent irrigated sector--more costly. 7 / But devaluations are only one
element; they are not a substitute for 1incre"aing productivity in the
agricultural sector.

7. All DRC calculations need to be used with caution because they are
very sensitive to (a) specification of yield and price levels, and a given
year's yield and cost structures need not reflect long term averages; (b)
assumptions about transportation costs and hence regional differences in bordber
price equivalents; (c) the costs of non-traded inputs and hence distortions
introduced by improper pricing of these inputs8/ in domestic markets; (d) the
selection of appropriate border price equivalenits and (e) the choice of the
'shadow exchange rate' at which to evaluate border prices. Nonetheless they
provide a useful first approximation of the true comparative advantage,
especially if sensitivity analysis has been carried out. This has been done in
the case of the GOS studies, making their conclusions more robust and
acceptable.

8. The second and perhaps more controversial conclusion is that the
rainfed sector has higher comparative advantage than the irrigated sector in the
production of some crops and livestock. This sector is at present being
given lower priority in formulating both the recovery programs and in recent
investment outlays. The arguments against placing a high reliance on the
rainfed-and especially the traditional-subsectors were that (a) their yields,
based on currently available technology packages, did not offer much hope for
rapid expansion of outputs and exportable surpluses, and (b) the high costs of
transportation from the traditional areas-specially North and South Kordofan,
and South Darfur--made it uneconomic to transport surpluses out of these
regions. These studies suggest, however, that in spite of the low yields and
high transport costs, the traditional and rainfed sectors continue to have a
comparative advantage in many crops and have an important role to play in a
strategy for recovery and export growth. This sector also has the considerable
advantage of using a far lower share of traded and imported inputs that further
make exports from it desireable. With continuing devaluation and increases ln
the cost of imported inputs, the comparative advantage of traded outputs from
this sector increases even with increasing transportation costs.

9. The potential of the rainfed sector remains untapped only partly due
to the relative neglect in investment allocations. Government policies of
fixing prices of cotton, sesame, groundnuts and gum arabic have also been a

7/ This of course assumes that the elasticity of demand for imported input uLse
and output are relatively high and all prices are passed on to producers.
If both elasticities are low then, under certain conditions, devaluation
could increase the use of imported inputs by less than it would increase
the value of output, thus reducing international value added and
comparative advantage. A 1OZ increase in the price of imported inputs
(given a foreign exchange dependence of 60X) could reduce import costs byr
3.6 percent if the import demand has an elasticity of .6; this could reduce
international value added if the elasticity of export demand is less thaii
.36 for a given crop.

8/ Thus where transportation and labor costs are high but are themselves
distorted this leads to distortion in the calculations of DRCs. Whereas
the GOS studies do not correct for these distortions, the Moe Study does.
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disincOntive0, Comdities lke sorghum, millet and livestock, whose prices re
relativlely firee of governmnt Interference, aDve readily from surplus to deficit
areas alt homb and abroad, reflecting the price and transport differentials as
producers and traders seek to maxisize their Incomes. Removal of governent
interventions in market prices would narrow the gap between producer prices and
border price equivalents in traditional areas, would improve producer Lncomes,
and would encourage better realiastion of the potential from tbte rainfed sector
for exports.

10. Bow much of a potential is there? 'Unfortumately, DRC' calculations do
not tell us lit what costs additional production can be realized, in the rainfed
and traditioilal sectors. This depends on conBtraints on the land, labor and
livestock reAsources in the region, and the transportation and institutional
capacities in the mrkets serving these sectors. The allocation of resources to
alternative crops given relative incentives, marketing costs and resources in
the traditional sector needs to be compared with alternatives In other sectors
in an integrated framework to look at the implicatiovs for prodiuction,
exportalble surpluses and balance of payments. Data collected f'or the DRC
studies are a first and necessary step towards developing a sector wide
strategy. A study to incorporate this data into a wider sector planning
framework should be given a high priority in the sect.or work program by the GOS.
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Table .
SUDAN: DOMESTIC RESOURCE COST ESTIMATES

(LS/U.S.$)

Rank in DRC DRC DRC DRC
1982 4/ Crops 1976/77 1980/81 1982 (1985/90)

NASHASHIBI3/ SATTAR2/ MOEl/ MOE1/

(a) .74 .37 .3,11
1 Groundnuts-Gezira .41

2 Groundnuts-Traditional .31 .45 .39 .33

3 Sorghum-Mechanized-Rainfed - .68 .42 .66

4 Sesame-Traditional .37 1.05 .42 .46

5 Sorghum-Traditional .53 .54 .43 .64

6 Sesame-Mechanized-Rainfed - 1.70 .46 .46

7 Sorghum-Gezira .75 .83 .53 .73

8 Cotton (MS)-Rahad - - .55 .43

9 Wheat-Gezira - -2.70 .68 .42

10 Millet-Traditional - .96 .69 .69

11 Cotton (MS)-Gezira .45 .79 .71 .38

12 Cotton (ELS)-Gezira .37 .84 .89 .29

Sugar .39 - - -

Rice 6.70

Sources: 1/ T. Moe: Sudan: Export Development Study, Report No.4263-Su, IBRD,
December 1982, p.30,31. Irrigated crops are assumed to be comparable in
Moe's classification to crops grown in the Gezira and unirrigated crops are
assumed to be grown under traditional technologies..

2/ A. Sattar: Study of the Costs of Production antd Comparative Advantage
of Crops Under Different Farming Systems in Sudan, UNDP/IBRD, May 1982,
p.5. The calculations are for average productivity.

3/ K. Nashashibi: "A Supply Framework for Exchange Reform in Developing
Contries: The Case of Sudan,' IMF, 1979.

4/ Ranked in accordance with T. Moe's study using 1982 data.
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Table 2
SUDAN: DOMESTIC RESOURCE COSTS AT DIFFERENT

PRODUCTIVITY LEVELS (1980/81 data)
(LS/U.S.$)

Crop/Farm Areas Productivity Lavela
and Type Low Medium High AVERAGE

A. Gezira (Canal Irrigation)

Cot1:on-(LS) 3.70 0.92 0.55 .84
Cotl:on-(MS) -20.00 0.96 0.62 .79
Groundnuts 1.60 .74 .44 .74
Wheat -.73 -2.17 1.03 -2.17
Sorighum 2.50 .72 .46 .83

B. SukiL (Pump Irrigation)

Cotiton (MS) -2.20 1.30 .45 .83
Gromndnuts 3.20 .77 .47 0.60

C. Gedaref (Rainfed-Mechanized)

Sorghum 1.25 .73 .48 .68
Sesame 2.50 2.10 1.10 1.70

El. N. Kordofan-S. Darfur
(RaLnfed Traditional)

Sorghum 1.20 .60 .45 .54
Millets 1.56 .92 .72 .96
Groundnuts .82 .48 .33 .45
Sesame 2.80 .90 .60 1.10

E. Liviestock

Cattle-Irrigated Areas .18 .30 .27
Cattle-Rainfed Areas .31 .59 .50
Sheep-Irrigated Areas .63 .91 1.00
Sheep-Rainfed Areas .45 .50 .71

Sources: A. Sattar "Study of Cost of Production anLd Comparative
Advantage of Crops Under Different Farming Systems in Sudan,"
UNDP/IBRD, Planning and Assistance Project, Khartoum, May
1982 (Draft), Table 1.02, p.5.

Democratic Republic of Sudan: "Comparative Advantage of
Agricultural Products," UNDP/IBR), Planning Assistaiice and
Training Project, Ministry of Finance and Planning, April,
1983.



- 24 -

Annex 2.4

CAPITAL INTENSITY IN AGRICULTURE

1. The ability of the Irrigated and mechanixed raLinfed sectors
to respond to price incentives is partly constrained by (l) the heavy
dependence of the sectors on imported inputs and (2) their heavy
reliance on capital intensive technologies into which they seem to be
increasingly locked. This raises three inter-related issues (i) the
capital intensity of these subsectors in an economy where capital is,
and will continue to be, increasingly scarce, (ii) the heavy
dependence on imported inputs at a time when foreign exchange is in
extremely short supply and when the supply is subject to increasing
uncertainty and disruptions, and (iii) the extent to which these
sectors are net contributors to foreign exchange.

2. Data on the overall capital intensity of the agricultural
sector and how it has changed over time are scarce. Dat.a available
from the Sudan Gezira Board on its operations. shown in Table 1
Indicate that:

(a) while total joint crop expeuses per feddan of cotton
area sown decreased in real terms by 35Z, the expenses
on Inputs and those operations which use imported
inputs 1/ increased by about 10%, and expenses on
wages for cotton picking and pulling decreased by 57X
in real terms;

(b) while total crop expenses per kantar of cotton roduced
Increased by 36Z (reflecting declining cotields
those on operations using imported inputs increased by
1301 and those on labor intensive tasks decreased by
122;

(c) administrative expenses-on supervisory,
administrative, and managerial labor--increased in real
terms by 30Z and 175Z when measured in terms of the
cotton area sown and cotton production respectively;

3. This indicates that even though imported and capital
intensive inputs have been becoming relatively more costly, the
capital Intensity of the major irrigation scheme has been increasing.
This is a perverse response to changing relative factor prices. This

1/ As the Sudan Gezira Board did not separate its expense accounts
by crops before 1981 it is difficult to assign expenses to
different crops. Cotton production is used here as a benchmark
because in the pest, rost production expenses of the scheme were
collected out of the cotton crop. For the purposes of this
section we have assumed that expenses on fertilizers, seeds,
sprying and land preparation definitely involve imported inputs.
These are an understisate because such to the transportation and
handling and some of the ginning and baling also Involve imported
inputs of fuel and machinery. All expenses were deflated by the
CPI (urban-low) to get expenses In real terms.
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evidence is supported by the fact that, over the years an increag
number of operations have been mechanized in the Gezira and the
rainfed mechanized sectors. Furthermore, the rehabilitation of these
and like schemes is predicated on even highse capitalL intenslty and
use of capital and import intensive inputs.

4. The first argument that is offered in defense of increasing
capital intensity is that this is a step taken through necessil:y due
to the shortages of labor in Sudan In general,, and in the Irrigated
schemes in particular, specially during the critical peak seasoms.
Mechanization becomes essential to assure the tasks gets done ILn a
timely manner. Thus implicitly the argument is that: the "reaL shadow
wage" of labor (if season and timeliness are properly accountedl for)
is so high tlhat capital inputs have become 'relatively cheaper" and it
sakes sense to move in the direction of higher capital intensity. (We
treat this issue of the demand for timeliness of operations and the
relative shortage of labor later in Annex 2.1i in detaiLl.)

5. A second argument that is often off'ered is that
mechanization leads to better cultural practices, higber intensities
and hence higher yields. Higher yields may well result, but extensive
work on this issue in other countries has shc,n that there is a very
complex interaction involved between timeliness, intinsity, otlher
inputs, and mechanization, and that claims on behalf of yield aLud
intensity effects of mechanization need to bei supporn:ed by evidence
from carefully controlled experimental and field data. 2 / No sich
evidence is presently available for the SudanL nor hais this isasu been
studies in its complexity. What is certain is that during the same
period during which capital intensity and mechanizatilon were
increasing in the Gezira, yields continued tci decline. 3 /
Furthermore, while increased mechanization mLy lead lto higher yrields,
the costs may exceed the benefits in economic (and even financiLal)
terms (ref. para 14).

2/ This is a continued claim made regularly by proponents of
mechanization. Often yield differences between mechanizeil and
non-mechanized farms arise from the conf'ounding effects Oii yields
and intensity introduced by other factors-irrigation,
fertilizers and better management which are highxly correlted
with mechanization. A detailed analysis; of the evidence :Ero
South Asia (some from areas like the Punjab which are not too
different from the Gezira) showed that mechanization mas asLither
an important factor leading to increased Intensity, nor was there
such evidence for the yield-increasing effects of mechanization.
See R. Binswanger "The Economics of Tracstors in South Asia: An
Analytical Review, Agricultural Development Council, New 'fork,
19739.But the land-labor ratios in the Sudan a&re dramatically
different, so bottlenecks maybe more serere. At any rate this is
an area full of methodological pitfalls 4 , Only carefully
controlled experimental data can help to confirm or deny this
hLypothesis.

3/ ALgain oe cannot Infer causality becausI casual empiriels is
misleading In this case.
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6. What are the implications of increasing capital intensity
for the short term balance of payments? For this we need to examine
not only the dependency on foreign exchange for imported inputs, but
also the net foreign exchange earnings that result from exporting the
output. Data from the GOS and the Moe studies summarized in Table 2
provide extensive information. This table shows (i) the coefficients
of foreign exchange dependence (CFED), which measure the amount of
foreign exchange needed for traded inputs to generate one dollar of
gross foreign exchange earnings, and (ii) the international value
added (IVA) per feddan which measures the net foreign exchange
earnings generated by the production and marketing of one feddan of
output.4/

7. These cross-section studies indicate:

(i) the relatively high dependency of the irrigated and
rainfed mechanized crops on foreign exchange compared
to the same crops grown in traditional areas (after
transportation costs are allowed for); between 35-67Z
of the value of output is required to pay for imported
inputs in the irrigated Gezira, pump irrigated and
rainfed mechanized subsectors according to the GOS
study compared to only between 18-36Z for the rainfed
traditional crops (see CFED data under GOS study);

(ii) the high contribution of the agricultural sector as a
whole to foreign exchange earnings as the IVA is
positive for all crops;

(iii) the high net foreign exchange earnings capacity
specially for irrigated cotton and groundnuts in spite
of their high demand for imported inputs;

(iv) the substantial net foreign exchange earning capacity
of sesame, short staple cotton and groundnuts from the
traditional rainfed areas.

8. This coupled with the fact that the sector as a whole
consumes a relatively limited proportion of total imports confirms the
short term strategy being followed by the GOS to help alleviate the
foreign exchange crisis--namely a (i) heavy reliance on export of
cotton and groundnuts from irrigated areas with (il) an assurance of
foreign exchange for inputs necessary for this sub-sector. What is

4/ The CFLD and IVA are both dependent on the assumptions on yields,
border prices and exchange rates assumed for the calculatons and
often differ widely. The higher the yields, the higher the
exchange rate (in LS/$), and the higher the border prices, the
lower the CFuD (if less than unity) and the higher the IVA (if
positive). The GOS study is more comprehensive and is presumed
to be based on field survey data. The Moe study is
methodologically more sound, although the data was not collected
on a sample basis.
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required is a heightened attention to the do:mant but large potential
of the tradi.tional rainfed area as an earner of net foreign
exchange--a point already made in reference Ito the comparative
advantage of traditional areas in producing mnany crops.

9. But just because the irrigated and other sectors have a
positiLve IVA does not preclude the possibililty of reducing the use of
imported inputs. Consideration needs to be given to measures and
policiees designed to do this. Any reduction in the use of imported
inputs (without a commensurate loss in outpule) will further reduce the
foreign exchange dependence and increase net foreign exchange earnings
from all sectors.

10. Taiking the heavy dependence on imported inputs, the major
concern should be to:

(a) price all traded inputs at their border price
equivalents to assure their efEficient use; and

(b) make certain that these inputis are increasingly used in
activities where the net values added in foreign
exchange via exports is positLve.

11. While the latter is generally true as we have seen, the
domestic input price structures commonly fail to reflect the true
opportunity cost of these inputs, because they are made available at
the official exchange rate. The real price of petrol (benzine) and
tractors declined by 20% and 60% respectively between 1971 and
1980.5/ Inputs must be priced at a realisti,c exchange rate and their
prices continually adjusted upwards to reflect their true scarcity to
the economy., Readjusted and higher prices for capital inputs will
reduce their use in the sector though by how much in the irrigated sub
sectors rematins uncertain. Some elasticity dloes exist. But this will
remain insufficient if product prices also do not reflect their true
opportunity--border price value to tenant an,d scheme producers. Only
when both product and input prices are alignied to reflect opportunity
costs and returns can the "positive net valuie added in foreign
exchange" criteria be correctly reflected in the economy and
efficiency assured. At present input prices remain distorted and well
below their border price equivalents.

12. Beyond getting the "prices right" for traded inputs and
outputs there is the need to take measures to assure a continued
supply of essential imported inputs to the "productive sectors." We
stress this once again. For example, a large share of the fuel
imports are used by the service, government and household sectors, but
agriculture accounted directly for only 18% of all diesel consumption
in 1980. Even if half of all the total energy used in transport was

5/ I)eflated by the CPI (urban-low).
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allocated to transport for agriculture, it would still have accounted
for only 45X of diesel use and no more than 5X of total energy use in
Sudan. Pricing of foreign exchange alone will not be an answer to its
proper allocation because of the large demand on part of the trade and
household sectors-the former supported by high profits in a protected
environment and the latter fueled by large remittances. Retention in
dollars of a share of agricultural export earnings by agricultural
producers to allow the sector an uninterupted access to essential
imported inputs may be essential to allow adequate allocAtions of
foreign exchange to the agricultural sector. Alternatively, and
preferably, exporters should be able to sell the foreign exchange
earned at the free market rate. This would assure the domestic
resources needed to purchase the required foreign exchange at roughly
the same price.

13. Further savings in the use of imported inputs can be
achieved by a careful review of the cultural practices being followed
in the major irrigated schemes and the rainfed mechanized sectors, to
see if traded input intensities can be effectively reduced without
major losses in output. For example, a reduction in the number of
sprayings on acala cotton, from 11-12 per season to perhaps 6-8 per
season should be considered. Initial research results have shown that
the excessive use of broad-spectrum (and more costly) pesticides may
have killed off not only the white fly but also its natural enemies,
thus exacerbating white fly infestations in the years following
excessive spraying. 6 / Use of narrow spectrum insecticides, changed
planting and spraying dates and reduced use of pesticides in an
integrated pest control program could lead to substantial savings in
the use of this imported input. A reduction of spraying from an
average of 12 to an average of 8 per season in Gezira for example
could have saved a third of the LS 15 mls in 1980 used for pesticide
lmports. The same maybe the case for fertilizer use, wthich could be
reduced at the margin without significant loss of net vaLlue of output
once prices are adjusted. 7/

14. To be effective, such cultural practices should be evaluated
not only on the basis of agronomic or entomological considerations, as
in currently being done, but should also include an economic
evaluation. The marginal benefits (in terms of increased expected
yields) should be weighed against the marginal costs (in terms of the
increased cost of the lnputs). But seldom are agronomic, engineering
or pest control 'optimal recommendations" subjected to economic

6| 'It makes little sense to control a pest in such a way that
simultaneously its reproduction possibilities are increased by
liquidating its natural enemies." R. V. van Gent,
"Investigations of Parasites as a Component of Integrated Pest
Control of White Fly in Cotton," Working Paper No.8, FAO/UNDP,
IPC Program, Gezira Research Station, A.R.C. Wad-Medani, 1981.

7/ Once imported inputs are priced at their border equivalents, it
is certain that the fertilizer use per feddan will have to be
adjusted downwards to assure economic optimality.
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analygsis. Iecammended practices that lead to yield improvements
shouldl be evaluated from a multi-disciplinary point of view, ilncluding
economic analysis, and should not be based solely on the
recomiendations of a single discipline, be iI: agronomqy, engineering or
economics.

15. Furthermore, even if mechanization is the m ost economic
choice of technology (once labor bottlenecks and theLr shadow prices
are properly accounted for) it is not essentiLal that (a) all
operations be mechanized or that (b) even one operation be fully
mechanized. To give an eamaple, labor bottlenecks during cotton
planting do not mean that cotton picking opexrations have to be
mechanized. To some extent this task specifiLc mechanization has been
the norm because cotton picking and pulling aire still done by labor.
But the tendlency has often been to mechanize fully at the start of a
scheme. Land preparation and airplane sprayrLng are examples of this.
If labor bottlenecks during cotton planting aire such that the labor
available at. existing wage rates8/ can only cope with 60% or even 30%
of the planting, it is not necessary to do all planting operations by
machines--oly 40-70Z of the planting could be mechanized. This of
course assumtes that tasks, labor and machinai are divisible. The
first two definitely are, while machines are also "divisible"
considering the large size of the schemes inlvolved. If 1000 tractors
are needed to plant all the area by machines, 700 will suffice if 301
of the area is left to hand planting. Both task-specific
mechanization and the partial mechanization of specific tasks are an
important way of reducing the level of capital intensity.

16. Finally, capital inputs are underpriced because financial
capitail is. The nominal interest rates on aljricultural credit given
by the Agricultural Bank of Sudan (ABS) (for machinery purchases for
example) varied from 92 for short term loans to 7X for medium and long
term loans up to 1981. With the official aniual rate of inflation
varying betreen 16-33X between 1975 and 1981, this meant a eative
real rate of' interest for private borrowing (even if one accepts the
official inflation indices. This was a stroig implicit subsidy and
incentive to use capital inputs and no doubt helped induce
mechanization in the rainfed sectors where private entrepreneurs
operalte large farm tracts. The relative factor costs (capital/labor
price ratios) were highly favourable to mech-anization. Between
1971-:L980 scme LS 12 mls. were authorized by the ABS for tractor
loans . 9 /

8/ Labor supply should be distinguished froDm labor available as the
latter is a quantity measure only while the former relates
quantity available to wage rates. The 'Bame distinction needs to
be made between labor demand and labor requirmeents. The point
iLs simple but by no means trivial as many of the arguments on
lthese iLssues have been couched in terms of physical quantity
without any reference to the wage rate.

9/ Based on tables provided to mission by A.B.S.



- 30 -.

17. In 1981 ABS raised its lending rate to 14x. This vas a
highly commendable policy change that brought nominal rates closer to
the inflation rates. But inflation rates are still higher than
Interest rates. Nonetheless, Increasing nominal rates on credit will
help to assure reduced capital (imported input) use and lead to
increased efficiency in capital use.

18. To summarize, capital intensily can be reduced by (a)
carefully reviewing current cultural practices to see if the use of
traded inputs is optimal, (b) evaluating technology choices on
agronomic, engineering and economic grounds, (c) considering the
alternatives of task specific and partial mechanization, (d) further
increasing nominal interest rates on agricultural credit, (e) pricing
inputs at their border price equivalents and (f) increasing labor use.

19. The longer term dependence on capital inputs is troubling
because:

(a) It implies a heavy dependence on a steady flow of
foreign exchange which in Sudan is highly uncertain;

(b) it does not reflect the true relative scarcity of labor
and capital in the Sudanese economy;

(c) it leads to an enforced dualism and enclave development
of the agrarian economy with a relatively small
"modern" sector that is highly capital and import
intensive and often commands most of the investments
alongside a large, often stagnant labor intensive and
low income "traditional" sector that is neglected;

20. Such dualistic development:

(a) distorts income distributions and as a consequence;

(b) distorts the pattern of consumption in favor of
imported consumer goods;

(c) drains the traditional sectors of manpower via rising
urban-rural wage differentials, denuding the sector of
its future farmers (note how even in the Gezira widows
and young children dominate the tenant population); and

(d) discourages the development of indigenous adaptive
technologies suitable to the relative factor scarcities
in the economy.
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Table 1
SUDAN GEZIRA BOARD: INDICES OF SELECTED EXEWNSES IN REAL TERMS

(1971 - 100 and Deflated by CE'I-Low)

1971 1972 1.973 1974 1975 1976

Total Joint Expenses(a) 100.00 93.4 115.4 74.2 79.5 70.6

-Per Total Area 100.0 96.6 112.9 64.0 64.8 48.1
-Per Cotton Area 100.0 93.2 85.2 74.2 79.5 107.5
-Per Cotton Production 100.0 100.7 11.2.4 79.9 92.9 216.2

1977 1978 1.979 1980

Total Joint Expenses(a) 78.5 74.6 56.9 62.3

-Per Total Area 57.5 54.9 43.1 50.3
-Per Cotton Area 94.8 86.7 68.9 69.4
-Per Cotton Production 141.9 109.0 11.2.5 145.0

1971 1972 1973 1974 1975 1976

Total Crop Expenses(b) 100.0 89.9 72.2 71.0 68.7 51.4

-Per Total Area 100.0 93.1 70.1 61.2 56.0 35.0
-Per Cotton Area 100.0 89.8 72.1 71.0 68.7 78.2
-Per Cotton Production 100.0 97.1 95.1 76.4 80.4 157.4

1977 1978 1.979 1980

Total Crop Expenses(b) 66.9 68.0 47.9 58.5

-Per Total Area 49.0 50.0 K6.3 47.3
-Per Cot:ton Area 80.9 79.0 58.0 65.2
-Per Cotton Production 121.0 99.2 94.7 136.2

1971 1972 1.973 1974 1975 1976

Expense.i on Imported Inputs(C) 100.0 89.0 79.0 85.0 97.4 91.5

-Per Tot:al Area 100.0 92.1 76.7 74.0 79.4 62.4
-Per Cotton Area 100.0 88.8 78.9 85.0 97.4 139.4
-Per Cotton Production 100.0 96.0 104.1 92.3 113.9 280.3

1977 1978 1L979 1980

Expenses on Imported Inputs(C) 103.9 110.9 85.8 98.7

-Per Total Area 76.0 81.6 65.0 79.0
-Per Cotton Area 125.0 128.9 104.0 110.0
-Per Cotton Production 187.0 161.9 169.8 230.0

(a) Including crop, transportation, ginning, baling and other expensese of the SGB.
(b) Expenses for all crop operations carried out by the SGIB and charged to tenants.
(c) Expenses on fertilizers, seeds, spraying and land preparation.
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Table I (cont.)
SUDAN GEZIM BOARD: UDICIS8 OF Y5UZCSD 111 IN REAL TEMS

(1971 - 100 anD Deflated by CPI-Low)

1971 1972 1973 1974 1975 1976

Total WLage Expenses(d) 100.0 85.7 62.8 60.8 49.7 21.8

-Per Total Area 100.0 88.7 61.0 52.5 40.5 14.8
-Per Cotton Area 100.0 85.6 62.7 60.8 49.7 33.1
-Per Cotton Production 100.0 92.5 82.7 65.5 58.2 66.6

1977 1978 1979 1980

Total Wage DExpenses(d) 40.3 37.6 38.5 38.0

-Per Total Area 29.5 27.7 29.2 30.9
-Per Cotton Area 48.7 43.7 46.6 42.6
-Per Cotton Production 72.9 54.9 76.2 88.0

1971 1972 1973 1974 1975 1976

Administrative Expenses(e) 100.0 108.9 110.4 71.6 138.8 205.7

-Per Total Area 100.0 112.7 107.2 61.8 113.2 140.3
Per Cotton Area 100.0 108.7 110.2 71.6 138.8 313.3
-Per Cotton Production 100.0 117.5 145.4 77.1 162.3 630.1

1977 1978 1979 1980

Administrative Exenses (e) 181.4 149.1 128.8 118.4

-Per Total Area 132.0 109.7 97.6 95.7
-Per Cotton Area 219.2 173.2 156.0 132.0
-Per Cotton Production 328.0 217.6 254.7 275.8

(d) Expenses on cotton picking and pulling.

(e) Expenses on overseer wages, administrative expeses, other cooperative and miscellaneous
expenses.
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Table 2
SUDAN: COEFFICIENTS O FOEIGN EXCHANCE DEPENDENCE

AND IN TRIATIONAL V=AE ADDED PU ErDDAN FOR DIFFEREWI CROPS

GOS Study (1980-81) Noe Study (1982)
Rankc) Crop/Farming System IVa ) IVAP)

CIPEDa) IA)0fa Vb
(US$/F1 (US$/FD)

1 Sesame Rainfed-Traditional 0.18 31. 0.03 77

2 Sesaae-Rainfed-Mechanized 0.20 38 0.13 85

3 Cott:on-Rainfed (Nuba) 0.29 44 - 92

4 Grou,ndnuts-Rainfed-Traditional 0.33 30l O.C6 135

5 Millets-Rainfed-Traditional 0.34 10 0.16 36

6 Groundauts-Irrigated-Geaira 0.35 117' 0. C9 464

6 Cotton (MS)-Gezira 0.35 196 0.11 200
-(Rahad) - - (0.22) (395)

8 Sorghuu-Rainfed-Traditional 0.36 8 0.107 67

9 Cotton (ELS)-Gezira 0.36 212 0.34 180

10 Wheat-Irrigated-Gezira 0.37 42 0.39 71

11 Cotton (ELS)-Pump Irrigated 0.39 170 - _

11 Cotton (MS)-Pump Irrigated 0.39 135 - -

13 Sorghur-Irrigated-Gezira 0.42 28 0.14 111

14 Sorghum-Rainfed Mechanized 0.51 11 0.26 78

15 Sorghur-Pump Irrigated 0.67 1;! - -

Sources: 1) Deaocratic Republic of Sudan 'Comparative Advantage of Agricultural
Products," UNDP/IBRD. Planning Amaistancet and Trailnng Project,
nistjry of Finance and Planning, KhartouQk, April, 1983, Annex A.

2) T. Moe "Sudan: !=rt D opent Study, East Africa, Regional
Offlce, iot Wo2W63-U, IBPD, December 1982, Annex 12.

Notes: (a), Coefficient of ForelS Exchange Depandence (CFED) is defined as the ratio
of value of traded inputs used to produce, market and transport, a commodity

to the value of the output *valuated at border prices and the official
exchange rate of LS 1.3/$.

(b) International Value Added (IVA) per feddan is the value of the output
minus the value of the traded Inputs used tc produce, usarket and
transport a commodity evaluated at the bordeir prices and the official
exchange rate of LS 1.3/$.

(c) Ranked by CFED in GOS study.
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Annex 2.5
LABOL SHORTAGES IN AGRICULTURE

1. Is labor really in short supply in agriculture? There seem
to be two prevailing views. The first and most prevalent among
project managers and policy makers is that 'labor cannot be obtained
(at any price) to meet the needs for peak period operations."1/ The
literature on the Sudanese economy abounds with references to7the
severe shortages of labor in peak periods of the agricultural cycle.
The second and less prevalent view is the one stated in the 1976
I.L.O. study which took some effort at examining this issue. This
study which found that although organized agriculture in certain
crucial areas faces 'shortage of labor' specially at harvest times,
there was an overall abundance of labor in the country.2/

2. The fact is that both these views are likely to be
misleading because they are based on physical 'labor requirements" and
"labor availability" without any reference to real wage rates. Nor
are there any studies of the demand and supply (quantity-wage
relatonships) for labor in Sudanese agriculture. The conventional
manpower forecasting of monthly labor "requirements" and
"availabilities" does not get at the issue of labor demand vs labor
supply--that is how much labor would be forthcoming in given seasons
at different wage rates and how much labor would be hired at different
wage rates given different technologies, cropping patterns and areas
sown and harvested in different regions. Such an analysis would
require an analysis of labor use, wage data and the underlying
production relationships. Important as these issues are, no such
critical analysis has been undertaken. Furthermore, there are no
reliable rural wage and employment data available on which such an
analysis can be based. The lack of rural wage data are particularly
disturbing because it is not possible to make a meaninful statement
about 'labor shortages" without reference to a rural wage. There is
virtually no published evidence on the earnings of seasonal workers in
agriculture.

1/ Personal notes of interview with SGB manager.

2/ See I.L.O. Growth Employment and Equity: A Comprehensive
Strategy for the Sudan, Geneva, 1976, specially Chapter 7 and S.
B. L. Nigam -The Labor Requirements and Supply Situation in
Agriculture In the Sudan," Chapter 7 in Ali Mohamed el Hassan
((Ed.) Growth Employment and Equity: A Selection of Papers
Presented to the I.L.O. Comprehensive Employment Strategy
Mission to Sudan, 197 41975, Economic and Social Research
Council, Khartoum University Press, 1977.
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Evidence from the Seventies

3. Since the I.L.O. studies, based on evidence in the first
half of thie seventies, provide the last comoprehensive findings on the
rural labor situation it is useful to summarize their findings. The
evidence they compiled showed that:

(a) the country had abundant supply of unskilled labor, the
rural population was highly mobile and given adequate
facilities and incentives the notion of "shortages of
agricultural labor" could not be supported by the
evidence;

(b) "rural labor markets functioned fairly effectively to
redistribute labor geographLcally and in accordance
with location specific changes in the demand for
labor;"

(c) although there were regiona:L imbalances between
"availability" and "requiremnents" and though shortages
of seasonal labor did exist in certain areas, "the
popular view that large scale irrigated farming schemes
in the eastern and central ]?rovinces of the country
suffer from irremedial seasonal shortages of labor
implying that the supply of labor is highly inelastic,
is at best a gross exaggerat:ion. At times labor is
indeed in short supply at peaks months of the
agricultural cycle in such provinces as Kassala and the
former Blue Nile provinces, but on the evidence
available these shortages are not absolute physical
constraints on the expansion of output; more labor
would be forthcoming at somewhat higher wages and
somewhat higher recruitment costs;"3/

3/ See I.L.O. (1976), pp. 89-90 and specially Nigam (1977) for
detaiLled supporting evidence.
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(d) migration of labor was of a staggering agnitude and
migrant labor was the main source of labor supply for
agriculture, specially in the schemes, "with teprary
migrants comprising as much as 14Z of all works or
6.5Z of the total population;4/

(e) typically migrant laborers (both male and female) were
a heterogeneous group, had high mobility and short
duration of stay at point of employment, were 'pulled'
by higher remunerations (compared to alternatives in
traditional rainfed areas), but due to little open
unemployment were sure of their seasonal earnings;5/

(f) in irrigated areas like the Gezira scheme (where only
about a fifth of the total labor came from tenant
families), tenants supplied only about half of the
labor that was available in their families to farming,
while many tenants and their sons prefered to work in
better paying off-farm occupations;

(g) the size of the tenancy was an important factor in
determining the supply of local and tenant labor in the
schemes; 6/

4/ In 1973/74 the Gezira Board employed 542,000 people in harvesting
cotton, 62Z of whom came from outside on a seasonal basis. Some
surveys reported up to 30,000 in migrants in a single village.
Schemes in Kassala province attracted 100,000 migrants in the
peak season. The study estimated that, of a labor force of
around 7 million persons in the country, 'about one million men
and women move around the Sudan during any year in response to
geographic disparities in employment opportunities." This
included rural-urban and rural-rural migrants.

5/ A typical male migrant changed residences several times, moved
seasonally from one scheme to another and often came from such
distant places as Darfur and the Kardofan. Some agricultural
laborers (the so called "fellatas' or foreigners) came from as
far away as Chad, central west Africa and northern Nigeria.
Differentials In rates of pay, distances to employment and push
factors like low rainfall in regions from which migration occured
were and remain the main factors determining the rate of
migration. The bulk of the recruitment is done by sheikhs or
local village leaders.

6/ The shortage of labor during cotton picking was felt to be more
acute in the original Gezira area where tenancy size is large,
where tenants with higher incomes prefer non-agricultural
occupations and act more like landlords than in the Managil
extension where tenancies are about half as large, tenants often
also work as farm workers and have fewer non-farm alternatives.
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(h) the working conditions for ml.grant libor were nearous,
with long hours worked at lou piece rates, on a
seasonal basis and with only pritivre living
facilities provlded by the tenants.

(i) although no reliable data on trends iLn total real wage
rates were available, the wages for cotton picking were
low compared to alternative occupations in nearby urban
areas and had increased by only 3 percent per annum in
the preceeding 20 years in nominal terms-that is, the
real wage rates for cotton picing were decliniLg;7/

(j) although the schemes paid the transportation costs to
tenants for migrant workers in advance, the workers
themelves paid for the return journey, so that: the
real net reamunerations taken hown by migrants were
even lower;B/

(1k) although demand for labor would increase considlerably
by 1985 as a result of increases in the ayea under
cultivation, except for seasonal shoitfalls of labor
for 2-3 peak months in Kassala and Blue Nile provinces,
labor shortages would remain a short-lived phezonenon
in very limited areas caused by locally restricted and
lumpy investments in area under cultlvation andl lack of
proper wage and non-wage incentives.

4. The I.L.O. studies concluded by cautioning that, given the
high mobility of rural migrant labor and well functioning labor
iarkeets, the abundant overall supplies of unikilled labor in the
country did not justify the high rates of mechanization because 'the

7/ The wage rates offered in the irrigated sector were considerably
lower than in the organized sectors in nmearby urban centers.
Daily wage rates for cotton picking (including payments in cash
and kind) were estimated at 35-50 piasters compared to 63
piasters in the organised sector. Wageio in the cotton ginneries
were estimated at 50 piasters to LS 1 for various jobs.

8J They estimated that migrants from Kassala provinace took home
betweeni LS12-18, those from Southern Darfur LS 10-15 per person
for a ten week picking season. By contrast worlkers in cotton
ginneri-es and organized urban sectors took home LS 14 per month
oir LS 42 for a 10 week period.
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notion about the shortage of agricultural labor propounded by some on
the basis of which mechanization of agriculture is largely advocated
is not based on facts and figures"9/ and that "we see no evidence
that current wage rates justify increased mechanization" because in
general mechanization should follow, not precede, the rise in the
wages of seasonal workers.10/

5. They recommended that:

(a) government increase the total number of seasonal
workers by subsidizing travel by rail to the schemes;

(b) welcome the immigration of foreign workers (they noted
the political objections);

(c) increase efforts to provide information about seasonal
labor demands through the labor office of the
Department of Labor;

(d) carry out studies to see whether capital intensive
methods of producing crops in the schemes yield higher
rates of return than labor intensive methods,
particularly when account is taken of the foreign
exchange costs of fuel and spare parts.

(e) change the joint system of accounts to provide
incentives to save on outside labor for cotton picking
and increase the use of tenants own labor.

Current Situation

6. What has happened in the intervening decade? Unfortunately,
critical as the issue is, little additional evidence is available.
But what is available tends to reinforce the conclusions and
recommendations of these studies.

7. First, there is still no evidence that labor is in short
supply in the economy as a whole because, if this were so, it would be
reflected in rising real wage rates in all sectors for unskilled
labor, specially in rural areas. Although nominal wages have risen,
there Is no evidence that real wages have increased significantly in
rural areas.

9/ They estimated that the "demand for seasonal labor had been
increasing at the rate of 30,000 additional workers per year in
odern agriculture, largely due to increases in areas under
mechanized rainfed agriculture. I.L.0. 1976, p.103.

10/ Nigam op.cit. 0.153.
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8. Second, labor markets continue to work effectively
redistributing labor from one region to another. Sudanese labor
remains extre.mely mobile over long distances aind sem sto respond to
differential opportunities without major probLems. Migrant labor
remains critical to the irrigated sector and ithere is llttle doubt
that without seasonal migrant labor the sche=Bs would fail. In 1980
the SGB listed some 437,000 laborers used on the scheme of which 501
were "importetd mainly by the tenants themselres. (See Table 2).

9. In Rahad it is estimated that after the labor from some 1500
tenant families is accounted for, at least 60,000 non-family laborers
are needed to harvest the cotton. Since local labor is practically
non-existent, migrants must be the main sourceh for harvest labor. Any
interruption in the smooth flow of migrants to the scheme or the
inability to recruit 'enough" migrant labor to meet "requiremaents" are
viewed as a c:risis, because it is assumed thait this will lead to a
failure to harvest cotton. The 'labor shortajle' problem is, at the
core a problem of the shortage of labor for cotton harvesting. There
is, however, no evidence that in any year in ithe past decade or more,
any cotton waES left unharvested due to the in%bility to obtain an
adequate labor supply.

10. With the enormous expansion of areaas under various irrigated
schemes, oftetn in close proximity to each othear in the Gezira and
surrounding eareas, the "labor shortage" issue has become even nore
acute and corntinues to be given as the main reason for further
mechanizatiorn. Most operation have been mechanized already.
Mechanized cotton pickers are now being tried out at Rahad and some
are in use.

11. With rapidly expanding areas anticilpated under cotton
cultivation it is easy to see why this is suclh a crucial issue, and
why everyone is concerned with the enormous Libor "requirements"
specially for cotton harvesting. For example in 1983 with total
cotton areas of 502,000 feddans in the Gezira, 71,200 fd. in the White
and Blue Nile Schemes, 33,000 fd. in Suki, 1183,000 fd. in Rahad and
80,000 fd. in New Halfa--and using a commonly accepted rule or thumb
of 1 cotton picker required per feddan of cotiton, the total cotton
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harvest labor "require'ment" would total a staggering 804,200 laborers
to pick the cotton in these schemes.11/ Ad if projections for area
uuder cotton for all the scheme at MI1 production materialize, a
total of some 1.7mls. laborers will be needed for cotton harvesting by
1985. With a total of only l96tbs. teant families in the schemes
(each say providing 2 full time laborers for the harvest season),12/
the remainder of these 'requirements planners say, will have to l
met by migrant labor. A growing "gap' between "requiremnts" and
"availability" is the inevitable forecast.

12. There are several responses to this type of "mapower
planning" forecast. First, the planned forecasts depend upon two
critical factors (a) the picking rate assumed in the calculations and
(b) the number of days available for cotton harvest. The average
picking rate of 2 guffa per person per day depends on the cotton
yields in the fields. With low yields of between 2-2.5 1/feddan
(those experienced In 1980 when yields were very low when the Aricanll
Survey was undertaken), a low picking rate is to be anticipated
because of the sparse population of the cotton boils. If yields were
to double to say 4 K/fd. as they have in 1983 a higher picking rate of
closer to 3 guffas per person per day is more likely. Nor are picking
rates independent of the wages offered as Incentive. Furthermore
these calculations assume that only 12 days of harvesting time are
available. Granted that the cotton picking period is short, it is not
anywhere near that short. A period of between 20-30 days is often
cited as being available for harvesting cotton in most areas. It is
extremely rare that only 12 days are available for cotton picking as
Is ofteu assumed.

11/ A detailed field survey carried out in 1980 in Gezira shoved that
352 of the cotton pickers picked 1 guffa and 93Z 2 guffas (70
ibs) or less per day. The picking rate depends on. the yield and
low yields lead to low picking rates. But assuming a 2 guffa/day
rate, In a field with density 22.5 guffas/fd. (that is 2.5 K/fd
or close to the average yields in 1980) one worker per feddan
would be required during the cotton pikinSg period which can Se
as short as 12 days--the time between start of picking and the
nexit watering. This is a rule of thumb often used to calculate
"requirements." See N. Cain and Ali Tosun Aricanli, "A
Preliminary Report on the Results of a Survey of Cotton Harvest
Laborers, The Gezira Scheme," Sudan 1980, Faculty of Economics
and Rural Development, University of Gezira, Wad Medani, June
1980, p.15-16 and Ali Tosun Aricanli, "Agricultural Labor: A
Dynamic Approach," University of Gezira, Wad Nedani, February
1982 (draft).

12/ There are an estimated 102,000 tenant families in Gezira, 14,300
in Rahad, 8,000 in Suki, 28,000 in the White Nile, 22,000 in the
Blue Nile and 22,000 in the New Halfa.
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13. How critical such simple assumptions can be to this tyrpe of
manpower planning are shown in Tables 1 and 2. In Table 1 we
calculate the 'labor requiremnts" in the Gezira schemie for varying
assumptions of picking rates (2 or 3 guffas) and different number of
days available for harvesting (12, 15 or 20 days) on 1:he basis of the
actual cotton production between 1970-1980. iWe can compare these with
the actual figures given by the SGB of the "labor avai.lable' (family
local and migrant). They show that if the picking rat:e of 3 guffas is
used and 15 or 20 day were available for harvest there were no labor
shortages in physical terms even by the SGB's own figures. At 2
guffas and only 15 days or less of harvest tine, labor "available" was
far less than labor "required' between 1971-1979. Only where
production fell below 1.8 mlllon kantars-as it did in. 1976-was
there "adequate" labor. With production estimated at 3.26 mill:Lon
kantars in 1983 and assuming a picking rate of 2 guffals and onlr 15
days for harvesting some 723,000 workers would be required. Bul: with
3 guffas and 20 picking days only some 667,00C cotton pickers would be
required. Th,ese were not forthcoming according to scheme managers,
at least at t'he remunerations being offered by the schemes. A gsevere
physical labor shortage was felt; yet paradoxically all the cott:on was
picked 1l3/

14. Table 2 does similar calculations for labor 'requirements"
based on estimates of total cotton production in the Sudan14/ from
1980-1990. IE the lowest picking rate and the shortest harvestiLng
period is assumed (2 Suffas, 12 days) then by 1985 1.7 million And by
1990 some 2.1 million cotton pickers will be required to harvest: all
the crop manually. But at higher rates and mare harvesting dayii (T
guffa, 30 days); these figures drop to as low as 0.45 million anad 0.55
million respectively. These nusbers are close to those already_
available in the Gezira alone. Nevertheless it is easy to see hlow the
"'labor shortage" issue remains at the forefrovnt of scheme and national
policy concern.

15. SecoDnd, let us take for granted that 'labor shortages"
(using physical manpower planning) will contirLue to p]Lague the
irrigated schemes, does this mean that the irrigated schemes will not
be able to get the required labor? This is fa.r from gn acceptable
conclusion because the amount of labor forthecuing is not independent
of the wage anld non-wage incentives offered to, laborers and teonnts.
The evidence suggests that these have been declining in real terms.

13/ Cotton picklng is still done manually in the Gezira. The "labor
available" data from the 8GB are at any rate not very reliable
because they are more impressionistic than fact.ual. They could
grossly underestimate the labor actually being used at harvesating
time in the schemes. See Aricanli, op.ci.t.

14/ Apart from some 6Z of the total producticn (of short staple
cotton in traditional areas), the rest ccmes froa the irrigated
schemes-Gezira, Blue and White Nile, Suii, Rshad, and New Halfa.
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16. There are three components of labor supply in the
schemes-tenant labor, local labor and migrant labor. Figures from
the Gezira Board show (Table 3) that, contrary to the accepted view
the proportion of tenant labor available has remained fairly constant
while the role of local labor has increased and that of migrant (or
imported labor declined). But the SGB data are impressionistic and
not very reliable. Recent and more reliable surveys of the harvesting
labor situation show that the proportion of tenant family labor is far
lower, the role of local migrant labor is increasing and that of
migrant labor from distant Western provinces has declined
considerably. Furthermore cotton harvesting has become predominantly
a female task.15/

17. Consider first the tenant family labor. This has been
declining and at the going wages rates and those available for cotton
picking. The working age males--tenants and their sons-are leaving
the schemes and seeking alternative and preferred occupations readily
available outside the villages, in non-farm jobs and in urban jobs in
Wad Medani and Khartoum.16/ This out-migration explains the low
labor force participation of tenant households in agricultural
activities. This is due to both (a) declining real returns to family
labor in the Gezira, specially to cotton production (see Annex 2.3)
and (b) rising real returns to labor in non-farm and urban
occupations. Being more educated, having better resources and
connections, members of tenant households are the first candidates for
this type of out-migration given the increase in the supply of
attractive urban employment nearby. Urban and non-farm wages remain
two to three times those in rural areas. Part of the withdrawal is
also due to cultural factors as low status and low income agricultural
work is not appealing to a population that is increasingly

15/ The 1980 Cotton Harvest Labor Survey showed that of the total
harvest labor only 15X was supplied by tenant families (compared
to 32Z cited in the SGB data), 29% came from local labor (17% in
SGB data), some 29% came from Gezira province, and only 27% came
as migrants from outside the Gezira (compared to 50% of total
according to SGB data). That means that the majority of seasonal
laborers designated as "migrants" actually have their permanent
residence within the boundaries of the Gezira, and can
practically be regarded as local labor. The role of the
'fellata" remains important but the proportion of long distant
migrants is decreasing. Those who came earlier seem to have
settled down in the region. A majority of the local labor (88Z),
Gezira province labor (80%) and migrant labor (67%) for cotton
harvesting are women. See Aricanli (1980), op.cit. p.13-15.

16/ Nearly 22Z of all males (other than houselold heads) living in
the villages and 10% of the females have left the villages.
Aricanli (1982), p. 3 8 .
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wealthy.17/ The increasing participation of women in cotton picking
is also eitdence of higher paying alternatives for smle members, as
women with a lower reservation price often get assigned to lower
paying jobs as men seek better opportunities elsewhere.

18. Woeal labor participation though increasitng proportionately
also has to contend with returns to alternative occuLpations. In the
Gezira this is not only better non-farm employment opportunities but
increasingly the opportunities for sharecroppLS. K:eeping in mind
that i.any "local labor families" have their earlier origins ag
in-migrants from the West, the dynamics of the translition fromi migrant
labor to sharecropper consists of a process wherein migrant fimilies
come again and again to work for the same tenants atnd eventually
settle down in "tenant villages" either acquiring a tenancy (rather
rare) or a sharecropping interest in the land as members of the tenant
family for whom they worked out-migrate to towns.l8/ For
sharecroppers who are also partly laborers an othiieri fields, t:he labor
offered to their own cotton would have declined with a decline in the
real returns to cotton relative to other crops--a condition prevalent
over the entire decade. Furthermore, most cf the sharecroppinxg is
confined to groundnuts and sorghum.19/ It is remarkable, though
logical, that there is practically no sharec-ropping in cotton in the
Gezira, an arrangement that is widespread irn cotton growing areas in
other parts of the world. This is because t;he low returne to cotton
and the Boards monopoly over cotton marketing have lkept prospective
laboring cum sharecropping households away from cotton
cultivation.20/

17/ Among Arab out-migrants urban jobs have meant a severing of ties
with agricultural activities. For earlier Western migranmts whose
ultimate goal is to become established as tenanlts or as
sharecroppers, the break with agricultural activities is not
complete. Aricanli, op.cit, p.91.

18/ In 1980 over 70% of the migrants to the Gezira were those who had
come in the previous year and over 90X had been to work in the
scheme some time before. Nearly 67% oi. the non-Gezira migrants
and 75Z of the Gezira province migrantim had worked for the same
cultivator in the previous 1-5 years; 20X and 37% respectively
had worked for the same tenant for 6 years or more.
Sharec:ropping is also more prevalent auong people coming from
West Sudan. While only 29Z of the entire area cultivated ls
sharecropped, nearly a third of the area cultivated by Wiesterners
in the scheme is sharecropped. Aricanli (1982), p.34-47 and
p.66.

19/ Some 86% the sharecropped area is in these crops.

20/ Sharecropping is a rational way of allDwing tenant households to
get ltbor for their holdings as their own labor is giver; to
non-farm work. It is also a way of sharing risk and returns.
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19. The labor suppUed for cotton picking to other fields by
sharecroppers and by algrants of course depends on the wage rates
offered. For migrants who come from further and further West, the
transportation costs are a critical element in the labor offer.
Although no time series data on real wages to cotton picking are
available, there is evidence that real wage rates have been declining
and are low compared to other available jobs.

20. In the Gezira in 1983 minimum wages for cotton pickilg were
fixed by the SGB at 50 piasters/guffa; average payments by tenants
were around 60-80 piasters per guffa2l/ plus food (with an average
picking rate of 2 gSuffas/day that amiuints to LS 1.2-1.6 per mn day).
Some tenants have been paying as auch as LS 1.2 per guffa. These
payments compare poorly with the LS 2.76 per day that Is being offered
by labor contractors and being paid at the cotton ginneries.22/ off
farm wages of as high as LS 3-5 per man day were being reporTed for
unskilled work in urban areas and by private farmers in some
areas-for example the private pump schemes along the White Nile.
Wages being offered by private contractos In Sennar were LS 2.35/days
and in rainfed mechanized farming areas around Gedaref ranged from LS
5-10 per day. There is no doubt that wages offered to get labor for
the irrigated scheaes are too low relative to other sectors specially
given the back breaking nature of the work. The fact that women (who
have a lower reservation price) are the main entrants in this labor
force suggests that piece rate wages (specially if picking rates are
closer to 3 guffa) may just be competitive enough to keep attracting-
the female cotton pickers, but not the sale labor.

21. Only recently have wages risen. Data on wage trends are not
directly available but the SGB records the wage expenses, some of them
paid out by the schemes to the tenAnts (as an advance) for cotton
picking and cotton pulling.23/ These are shown in Table 4. They
show that between 1971-80 although wage outlays had increased in
nominal terse-whether measured in terms of the total area sown, total
cotton area sown or total cotton production-real wage rates had
either stagoated or declined substantially in that decade. In

21/ In 1980 the wage ranged from 20-60 piaster/guffa but the average
was 36 piaster/guffa. The mode was around 25 piaster/guffa. See
Cain and Aricanli (1980), p. 3 1 .

22/ Political considerations also may intervene. In 1982 when labor
contractors for the ginneries offered LS 1.76 per day they
experienced a "labor shortage". By 1983 a wage of LS2.76-16X
increase in one year-helped to get as much labor as was needed.

23/ Again these are expenses paid to tenants and may or may not cover
tenant's labor costs. In fact tenants have been paying higher
wage rates to attract the labor they need. That maybe one reason
why all the cotton has been picked every year.
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addiLtion, worklLng conditions for migrants ire_in difficult. Although
moat tenants now provide free food and shelter and a majority pay the
costs to travel to scheme, these paymnts are low and not all
migrants sire provided transportation costs for the return
journeys .24/.

22. Nor are there any planned settleieants for migrant labor in
the schemis In fact after over 20 years of confirmd evildence or the
importance of migrants to the schemes the imer schemes were planned
as if migrant labor was not an important component of the demographlc
reality Inr the scheme areas. In the sore trecently settled schemes
like Rahadl, no settlements were planned fowr migrant labor in the
outlay of the villages, Indicating that not as in the past the basic
needs for migrant laborers and their famiLLes-f or year round
employment., housing,, education-were never integrated into scheme
plarns despite the clear Indications that miLgrants are critical to the
success of the schemes 

23. For smaller and poorer tenants the real constraint is the
low advances paid to attract labor. While the SGB pays an advance of
LS 0.5 per guffa, tenants have been paying LS 1.2 per guffa to attract
labor. Small tenants lacking the working 4apltal ca, ot contract as
mach labor as they would wish to, nor are credit sarkets developed to
which they can turn for working capital.

24. This evidence confirm the view l:hat what plagues the
schemes are not real labor shortages but rather excess demands at
(past and current) low wage rates-that is at the real wage and
non-.age incentives being offered, not enogh labor Is forthcis in
relation to demand. As these real wages decline, less and less labor
;Rfl %-Torthcouing in relatlon to deuand. The lalbor shortages for
cotton should then be seen as a consequenco of declining real wage and
non-wage incentives being offered in the schemes imn relation to the
rising reservation price for tenant family labor because tbe returns
to cotton and hence to labor in cotton have gone down, while returns
to other erops and to labor In off-farm opportunit:Les in the urban and
servpice sectors have gone up; for local labor becaumse the returns to
labor in sharecropping in other crops and IE7abor in off-fars
employment opportunities have gone up and f-or migrant labor because it
has to couie from further afar at higher trasportation costs and can
get better opportunities in the private sector. All these have
redulced thie supply of labor to the irrigatod schemes while the demand
has bean increasing.

24/ In 1980 nearly 222 of the migrants were provided free food and
another 72Z both free food and shelteir. Average transport costs
paid ranged between L8 .5-4 per migrantt worker-the mode was
arounLd LS 2, suggesting that costs for migrants from tha far West
may have been only partly covered. Oily 762 of tenants provided
return transportatlon.
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25. Added to these Is the normal preference for mechanization
because it is deemed "modern" by scheme managers and project planners
and a widespread feelng that labor is difficult to manage and needs
to be avoided.25/ As a result, mechanization has appealed to both
the schem managers and tenants. To the managers its appeal lies in
appeal lies in the reduced reliance on tenants for the recruitment and
management of cotton harvest laborers and to the tenants and share-
croppers in the reduced family labor they have to devote to the
unwanted and low return cotton they are required to growl

26. Much more labor will be supplied to the irrigated schemes
if:

(a) competitive and rising real wage rates per unit of effort
are offered in the schemes (relative to other sectors and
occupations);26/

(b) a premium wage is paid for hard physical labor involved in
many agricultural operations (cotton picking and cane
cutting are prime examples);

(c) the rising costs of transportation to and from the schemes
are fully allowed for in estimating the wages to be paid to
seasonal migrant workers;

(d) transportation is provided during the harvesting season to
take workers from one scheme to the next;

(e) larger advances are made, specially to smaller tenants-or
greater working capital made available to them via formal
credit institutions-to help them finance their contractual
requirement for labor;

(f) greater attention is given to non-wage incentives in the
schemes by changing settlement policies to include the
provision of basic services for tenants and migrant
laborers-including housing, health, education--so as to
attract greater supplies from other sectors; and regions;

25/ In the sugarcane areas it was rumored that labor from the South
could not be trusted with machetes and hence was not hired.

26/ The returns to labor effort are particularly relevant for cotton
picking labor where real wages per unit of effort tend to fall
when yields are low and tend to rise when yields are high even
for the same piece work rate.
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(g) greater attention is given to providing off-season
employment opportunities for milgrant lalbor.2 7 / But none of
these will be effective unless iid most critIcally

(h) cotton cultivation is made more productlve and profitable,
so that producers have both the lncentilre and ability to pay
more for labor.

27. Higher real returns to cotton will (a) Lttract more labor
though higher piece rates for migrants which cultivators will be
inclined to offer, (b) will attract more of the sharecroppitg labor
back into cotton cultivation and (c) will increase significantly the
tenant family labor participation rates. In addlition it will make the
schemes viable and better able to advance higher aumouts to
cultivators for labor recruitment and expenses. Ai change from the
joint to the private account system and increased producer lprices are
both steps in the right direction.

28. Further, the demand for seasonal labor could be reduced by:
(1) reducing labor peak demand by staggering sowing and harvesting
dates (2) developing cotton varieties that: allow Longer harvesting
periods, or shorter growing periods and (3) by considering lpartil
mechanization.

29. But how high a wage rate can the tenants and the schemes
afford to pay before it pays to mechanize any given task including
cotton picking? This is an issue that needs urgent enquiry. One
needs to evaluate whether capital intensivre methodls yild higher
economic rates of return than labor intengiive metbods. The "optimal
choice of technology' will depend not only on assigning the proper
economic (border price) value to imported and capital inputis and
accounting for the economies of scale available in the schemes, but
also on assigning the proper 'reservation price" Ito the difEerent
types of labor available to the schemes ln terms of other alternatives
in sharecropping, off-farm employment and farming. In addition, the
scheme level goals (of viability and maxinLizing cotton output) have to
be reconciled on one hand with the farr-level teniat-sharecropper
goals (maximizing returns to land and family labor while meeting
subsistence needs) and on the other with national goals of iassuring

27/ Again, no plans have been made to retain migrants in the
off-season, the assumption being thal: they seasonally migrate in
and then migrate out. This is no lotnger the case as earlier
migrants have a tendency to become ptrmanent. If year around
services and employmant were availabLe, seasonal migraints could
become permanent although they would continue to remlt learnings
to their villages.
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efficiency and comparative advantage while at the same tlem providing
enhanced net export earnings. Simple finncial calculations on the
basis of which decisions to mechanize have been taken in the past will
inevitably be misleading.

30. Given the importance of the 'labor shortage' issue and the
role of internal migrant labor in Sudanese agriculture, it is
essential that increased information be available for planning on the
basis of demand and supply (quantity-wage) relations. For this, data
need to be collected on a regular basis on rural wage rates (by region
and by different task and seasons), labor use and labor uigration in
the schemes and the country as a whole This is a task that should be
urgently considered and could be assigned as a *atter of priority to
the scheme level statistical units and the Department of Agricultural
Statistics in the Mnlastry of Agriculture.



Table 1: COTTON PRODUCTION, LABOR -AVAILABLEZ AND LABOR -UQUIEWNTS- FOR
COTTON ARVESTING IN TM GZIRA (19701980)

UA4 4-- U04,164-- U-b _A U..=4_4 nT..- A...411.1-%
. J t-a * *_. in' & tWm- U5 -_O

Name 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

Cotton Production
(000 KT) 3257.4 3018.5 2473.9 3026.0 2786.0 1063.6 1801.2 2231.3 1647.3 1398.6

Total Labor
(000') 552.1 557.8 556.5 586.2 493.4 325.2 469.0 503.2 462.6 435.7

family and Local
Labor (000's) 249.4 231.9 218.3 221.5 225.5 166.1 187.6 193.4 201.8 214.2

Nigrant and Floating
Labor (000'.) 303.8 325.9 338.3 337.7 267.9 159.2 281.3 309.8 260.8 222.6 1

Labor Requireaents Under Dlfferent Aspumptions

2 Guffa-12 daysa/ 1233.9 1143.4 937.1 1146.3 1055.4 402.9 682.3 845.2 624.0 529.8
3 Guffa-12 days7 822.6 762.3 624.8 764.2 703.6 268.6 454.9 563.5 416.0 353.2
2 Guffa-15 days 982.9 910.8 746.5 913.0 840.6 320.9 543.5 673.2 497.0 422.0
3 Guffa-15 days 657.7 609.5 499.5 611.0 562.5 214.8 363.7 450.5 332.6 282.4
2 Guffa-20 days 493.3 457.1 374.6 458.2 421.9 161.1 272.8 337.9 249.5 211.8
3 Guffa-20 days 329.0 304.9 249.8 305.6 281.4 107.4 182.0 225.4 166.4 141.3

Source: Production and Labor: Sudan Gesira Board.

a/ That is 2 Guffa (70 lbs) per man day and 12 harvesting days available; etc.



Table 2
ESTIMATED COTTON PRODUCTION, AREA AND LABOR 'RE "QUIR FOR COTTON HARVESTING IN SUDAN, 1980-1990

(At Varying Picking Rates and Harvesting Days Available)

Name 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

Total Cotton Area
(000 FD) 1066.0 967.0 862.4 962.4 1000.0 1040.0 1075.0 1095.0 115.0 1135.0

Total Production
(000 KT) 2302.1 2129.7 3207.0 3939.9 4151.7 4452.4 4891.8 5033.2 5074.8 5405.1

Labor Requirements Under Different Assumptions

2 Guffa-12 daysa/ 872.1 806.7 1214.8 1492.4 1572.7 1686.6 1853.0 1906.6 1922.4 2047.5
3 Guffa-12 days 581.4 537.8 809.9 995.0 1048.5 1124.4 1235.4 1271.1 1281.6 1365.0
2 Guffa-15 days 694.6 642.6 967.6 1188.8 1252.7 1343.4 1476.0 1518.7 1531.2 1630.9
3 Guffa-15 days 464.8 430.0 647.5 795.5 838.3 899.0 987.7 1016.3 1024.7 1091.4
2 Guffa-30 days 348.6 322.5 485.7 596.6 628.7 674.3 740.8 762.2 768.5 818.5 o
3 Guffa-30 days 232.4 215.0 323.8 397.8 419.2 449.5 493.9 508.1 512.3 545.7

1990
Total Cotton Area
(000 FD) 1145.0

Total Production
(000 KT) 5425.6

2 Guffa-12 days 2055.3
3 Guffa-12days 1370.2
2 Guffa-15 days 1637.1
3 Guffa-15 days 1095.5
2 Guffa-30 days 821.6
3 Guffa-30 days 547.8

our_ee Production Data: Sudan Files.

1/ That is 2 guffas (70 lbs) per man day and 12 days of harvesting time available; etc.
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Table 3
SUDAN GEZIRA BOARD: LABOR "AVAILABLE", 1970-1980

(in '000 Persons)

1970 1971 1972 1973 1974 1975

Total Labot ('000s) 524.2 552.1 557.8 556.5 586.2 493.4

(X) 100.0 100.0 100.0 100.0 100.0 100.0

Family Labor 30.4 32.6 29.6 28.3 26.6 31.5
Local Labor 12.2 12.6 12.0 10.9 11.1 14.2
Imported Labor (By Board) 7.6 8.6 13.8 15.5 19.0 13.1
Imported Latbor (By Tenants) 45.5 43.6 41.7 42.7 36.6 39.2
Floating Labor 4.3 2.6 2.9 2.6 1.9 2.0

1976 1977 1978 1979 1980

Total Labor ('OOOs) 325.2 469.0 503.2 462.7 436.7

(2) 100.0 100.0 100.( 100.0 100.0

Family Labor 34.8 27.3 25.7 28.7 31.7
Local Labor 16.2 12.7 12.8 14.9 17.4
Imported Labor (By Board) 8.9 10.4 13.5 0.0 0.0
Imported Labor (By Tenants) 38.4 48.6 46.1 54.7 49.7
Floating Labor 1.6 1.0 2.0 1.7 1.3

Source: Sudan Gezira Board, Wad Nedani.



Table 4
SUD& GEZItA hOARDTUL8 COSTS, 1971-1980

Name 191 17 93 17 1975- 1976 1977 1978 1979 --- 80

Cotton Picking ('000 LS) 5675.8 5325.5 4302.4 5648.6 6122.6 2495.7 5435.5 6238.6 8965.4 11726.9

Cotton Pulling ('000 18) 2072.8 2094.2 2064.8 2132.4 1753.9 1010.8 2149.9 2236.1 2400.0 2400.0

Total Wage Expense ('000 LS)* 7748.6 7419.7 6367.2 7781.0 7876.5 3506.5 7585.4 8474.7 11365.4 14126.9

(a) Total Waes mas

-Per Total Area Son (LS/ID) 6.5 6.5 5.2 5.6 5.4 2.0 4.7 5.3 7.2 9.6
-Per Cotton Area Sown (LS/FD) 12.8 12.3 10.5 12.9 13.1 8.8 15.2 16.3 22.8 26.1
-Per Cotton Production (LU/KT) 2.4 2.5 2.6 2.6 2.8 3.3 4.2 3.8 6.9 10.1

(b) Cotton Picking Exenses

-Per Total Are (LS/PD) 4.7 4.4 3.7 4.6 5.0 2.5 5.4 5.6 8.7 11.0
-Per Cotton Area (LS/FD) 9.4 8.8 7.1 9.4 10.1 6.3 10.9 12.0 18.00 21.7
-Per Cotton Production (LS/IT) 1.7 1.7 1.7 1.8 2.2 2.3 3.0 2.8 5.4 8.9

Indice of Real Labor Costs (Deflated byCPI (Urban-Low): 1971 m 100)

-Cotton Picking 100.0 84.0 58.0 60.3 53.0 21.1 39.4 37.8 41.5 43.3
-Cotton Pulling 100.0 90.4 76.1 62.3 41.4 23.4 41.7 37.1 30.4 24.2
-Per Cotton Production (18/IT) 100.0 85.7 62.8 60.8 49.7 21.7 40.3 37.6 38.5 38.1

(a) Total Wage Expenses

-Per Total Area 100.0 88.7 61.0 52.4 40.5 14.8 29.5 27.6 29.2 30.8
-Per Cotton Area 100.0 85.5 62.7 60.8 49.7 33.1 48.7 43.6 46.6 42.6
-Per Cotton lantar 100.0 92.5 82.7 65.4 58.2 66.6 72.9 54.9 76.1 89.0

(b) Cotton Pickng Enses

-Per Total Area 100.0 83.3 59.6 60.0 52.4 26.0 47.4 40.8 48.7 49.1
-Per Cotton Area 100.0 83.9 57.8 60.1 52.8 32.2 47.6 44.0 50.2 48.3
-Per Cotton Production (LS/KT) 100.0 90.6 76.3 64.9 61.7 64.7 71.3 55.1 82.0 100.8

-: Bud Ge!:: BAcrd t .Cotto= pickig and pulling co:el D ed.
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Annex 2.6

TRANSPORTATION COSTS AND INFORIAL CREDIT

(a) Transportation Costs

1. With Sudan's vast geographic area and sparsoe population
density, transportation plays a crucial role in the development of the
Sudan and its. agriculture. The huge distancegi involved between
regions make transportation costs an important: elemenit in determnining
the comparative advantage of different crops iin different regions.l/
Transportation costs by road and rail are high and carrying cap acities
limited. The lack of transportation is often cited as* an imporitant
factor in explaining the low export potential of the traditional
sector. 2/

2. Both road and rail are heavy users of imported inputs and
costs, though. similar, are continually increaiing. There is a lheavy
demand for transport of imported goods (coming in fron Port Sudan) and
a light demand for exporting goods, leading to differential:
import/export rates. After adjusting imported inputs to the border
prices, the average round-trip transport costii per toIl per km between
major commercial centers are calculated by T. Moe are shown in
Table 1.

3. TwO facts emerge: (a) transportationi costs are a high
proportion of total ex-Port Sudan costs for mo)st commDdities which
offers a higbh degree of protection to indigenous producers in local
markets and asn obstacle to export producers, specially those in the
interior of the country; and (b) there is a substantial degree of
subsidy implicit in the official rates being charged by Sudan
Railways.

4. How important transport costs are compared to the total
value of agricultural commodities is shown in Table 2. The data
clearly show that for the traditional sector-in Nortlh Kordofan and
South Darfur--the proportion of transportationi costs to total value of
output are nearly twice those from the closer rainfed mechanized and
irrigated subsectors. This is the measure of protection available to
local producers and the barrier presented to exporters.

1/ The distances from North to South and Eait to West are both
around 2400-2500 km. The distance from El Obeid for example in
the center-West to Port Sudan is nearly 1500 km by road. From El
Fasher further West it is over 2100 km; fErom Malakal in the South
it is over 1500 km and from Khartoum nearly 800 km.

2/ In 1982, for example, much of a bumper crop of groundnuts was
left in the West because transportation fEacilities were
inadequate and costs too high.



- 54 -

5. We have already shown that, in spite of these high
transportation costs; most of the crops grown in the rainfed
traditional sectors have a higher comparative advantage compared to
irrigated crops (ref. annex 2.3). Whether this will remain so depends
on how rapidly transportation costs rise compared to how rapidly
yields increase in the respective sectors.

6. But beyond comparative transportation costs there are severe
bottlenecks due to a limited carrying capacity in the transport
network serving the traditional areas in western Sudan. A study of
the physical "availabilities" and "requirements" commissioned by the
Government highlights this problem.3/ Although it has yet to be
completed, it concludes that agricuTtural production in the region "iLs
being limited by the difficulties in marketing due to transportation
problems." At present only about a quarter of the transport
requirements are being met by rail transport--the rest have to be met
by private road transport, at a higher cost.4/ The emerging
conclusion seems to be that additional road and more efficient rail
facilities in the west would be required before increased marketed
surpluses can be tapped for exports from the traditional sector.
Whether or not these would be economically justified remains to be
determined. But until the rail carrying capacity is increased,
additional exportable surpluses can only be moved out by higher cost
road transport--which itself is contrained by shortages of vehicles
and fuel.

(b) Informal Credit System

7. Although other institutions serving agriculture--research
extension marketing, parastatals-have received considerable
attention, credit institutions have received relatively little
attention until recently. Very little credit is available through
formal institutions, and of that, even less is available to finance
production.5/ What little credit there is, is available at far
higher effective rates for smaller, inexperienced borrowers than for

3/ Democratic Republic of Sudan: "Western Sudan Transport Study
Project: Inception Report," Transport and Communications Sector,
Ministry of Finance and Economic Planning, Khartoum, November
1982 (draft). This is a first step; to get estimates of
transportation demand, costs will have to be incorporated in thiLs
study.

4/ Some 1.3 million tons of goods and 22 million head of livestock
were estimated as being moved in and out by the transportation
system from western Sudan in 1980/81.

5/ See Ahmed Homeida Ahmed "Lender Behavior and the Recent
Performance of Rural Financial Markets in the Sudan," Ph.D.
Dissertation, Ohio State University, 1980, p.50.
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medium and large borrowers.6/ In the irrilated sector there are, in
addition, the advances made by the schemes for cotton cultivation.
These, however, are inadequate to meet the working capital
requirmeents of most tenants and sharecroppers, nor are they always
paid in the timely manner required to be useful.7/ No formal credit
exists for other crops, and tenants have to relfoin their own
resources or turn elsewhere. There were some credit cooperatives in
the 1960s, but because they were unable to repay their loans to the
Agricultural Bank of Sudan (ABS) it stopped lending to them.
Similarly in the Gezira scheme the loans to the Tenants Unioa for the
purchases of agricultural machinery were aLso stopped due to the
extremely poor record of debt repayment.

8. By default, borrowers in the traditional sector and small
borrowers in the irrigated and rainfed sect:ors havie to rely on
informal credit systems and private money ]Lenders.

9. The informal credit system and private moDney lending is
dominated by the sheil system. Under this system a local merchant or
money lender advances credit to the farmer in kind or cash to cover
part of the costs of operations and/or living expe1nses durinlg the
season. The farmer verbally pledges his unharvested crops at prices
considerably below their harvest value. Al: harvesit the crop output is
then taken by the lender. The sheil price is expressed in terms of
the discounted price the lender agrees to purchase the crop at harvest
time and varies with the period for which EL loan is made. Thus sheil
prices increase as one nears the harvest. The real interest on a
sheil loan is the difference between the agreed sheil price and the
harvest price amortized over the period of the loan. Inevitably these

6/ A. H. Ahmed has done a very careful arnalysis of all cosets
associated with borrowing by different; size borrowers. Although
the interest rates on loans were as lcow as 9Z,, by the tLme fees,
transaction costs, travel and other expenses to obtain :Loans (all
fixed costs per loan) were included thle real effective borrowing
costs for small borrowers varied between 17-30%, for medium size
borrowers between 12-16% and for large borrowers between 9-13%,
op.cit. p.164.

7/ This was particularly true in earlier years. Recently the
situation has improved. In 1981 in the Gezira scheme these
included an advance of LS 8/KT for picking and LS 14/fd for labor
recruitment. These were raised in 1982 to LS 10/KT and LS 18/fd
respectively. With wage rates nearing LS 1.2 per guffa (LS
8.4/Kr) in 1981 these advances seem adequate for picking. But in
addition weeding expenses were reported as high as LS 200/fd in
1983 for which no advances were made.
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interest rates are very high, and the 'ahell' systea can be properly

described as exploitive.8/

10. The main link in the shell system are those between credit
and the marketing of crops9/ and most of the private money leaders
are themselves traders or merchants.l0/ Given the terms described
the rates of return to money lendingiare very high. For those who are
forced to borrow, these high rates mean that the real returns to labor
in crop production (whether or not the loan is for crop production or
to meet consumption needs) are reduced considerably. Although the
money lender bears the risk of a lover harvest price than he
anticipated, he also profits from higher prices than expected. In
case of crop failure or low productivity the loan payments are
automatically postponed, so there is a tendency to increase
indebtedness. Poorer borrowers In particular are left with very low
returns and can be caught in a situation of chronic indebtedness from
which they may find it difficult to extricate themselves.
Moneylenders are in a continual position to buy outputs from such
tenants at the low prices and supply then with necessities (or loans)
at a high prices, thus keeping them in debt. And yet these
moneylenders are prefered to formal institutionsll/ because they
are flexible in terms of the urgency and type of-Toan (including
consumption loans) they are willing to give, are willing to lend small
sums for short periods on the spot with minimal hassles, demand little
or no security except the crop at harvest and will lend to the poorest
without regard to their 'financial position." They can incur higher
risks because they know their clients personally. Formal institutions
cannot successfully compete with them on these terms.

11. The dearth of formal credit and credit institutions in rural
areas means that there are no alternatives to which rural producers
can turn for their financial needs. Increased institutional credit
available at reasonable terms, from credit branches located in rural

8/ Thus for example in 1983 in Gedaref the sheil price was quoted
at LS 5/sack of groundnut and LS 10/sack of sorghum three months
before harvest. As harvest prices were LS 10 and LS 18 per sack
respectively the implicit interest rate was 200% for groundnuts
and 177% for sorghum. In the Gezira effective interest rates in
the range of 115-280Z have been reported on shell loans. In the
Gezira area one survey estimated that 29X of the credit came from
the SGB, 23% came from moneylenders and merchants, 31% from
shopkeepers and 17% from relatives and friends. See Ahmed
Homeida Ahmed: "Private Moneylenders in the Sudan Gezira
Scheme,' Faculty of Agriculture, University of Khartoum (undated
draft).

9/ Unlike in sharecropping where the links are between land, labor
and credit contracts.

10/ As cotton cannot be privately marketed, there is no "sheil" in
cotton in the schemes. Sheil is limited to those crops whose
marketing the lender can control-groundnuts, sorghum and to a
limited extent wheat.

11/ In Homeida's survey 64% of the sample preferred to borrow from
moneylenders and relatives, op.cit. p.14.



- 57 -

areas, with miLnimum delay and formality, however, can go a long way in
helping tenanl:s break away from the infromal credit system. At any
rate increased credit in the sector will be required as production
increases and greater areas are brought under cultivation.

12. We recommend that the resources available to the ABS and its
branches (and other formal institutions) for loans to agriculture be
increased significantly, ABS open many more branches in rural areas
than it currently has, ABS increase the share of its portfolio going
to short term working capital and private couaBrcial banks be
encouraged to set up rural branches and extend a larger share of their
portfolio to the agricltural sector.

13. Thigs will not eliminate the sheil system but will offer
farmers an alternative that they do not now possess. Lower rates from
the formal sector (even after the transaction costs are included) will
also mean higher real returns to producers who currently have to rely
on the informal credit system. Furthermore, riral savings can be
mobilized by offering higher interest rates on time deposits in rural
areas.
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Table 1
TRANSPORTATION COSTS IN SUDAN (1981)

A. Transport Costs by Mode Market Prices
(LS/ton/km in 1982)

Gezira light railway 0.055
Medium Size Trucks (7MT) 0.088
Truck/Trailer (25 MT) 0.059

B. Average Road Transport
C0sts Distance Border Price Rates Charged

(in km) Equivalent by Sudan
From/To Costs (LS/MT) Railways'/

Port Sudan - Khartoum 1190 70 30
Port Sudan-El Gedanef 776 46 30
Port Sudan-Wad Medani 1043 59 -
Port Sudan-Kosti 1220 72 34
Port Sudan-El Okeid 1500 89 37
Port-Sudan-Nyala 2105 124 49

El Gedaref-El Obeid 705 42 -
El Gedaref-Kadugli 890 53 -
El Gedaref-Nyala 1280 76 -
El Gedaref-Juka 1362 80 -

Source: T. Moe, Sudan: Export Development Study, Report No.4263-Su, East
Africa Regional Office, December 82, Annex 5, p. 3 .

1/ In effect in March 1981 for transportation of gasoline from Port Sudan.
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Table 2
TRANSPORTATION COSTS FOR AGRICULTURAL CONMODITIES

AS A PERCENTAGE OF NET VALUE OF OUTPUT
(Both at Border Prices)

Moe Study Sattar Study
(1982,,a/ L980/81b/
(Percent)

Cotton-LS-Gezira 3.2 (13.0) 3.9

Cotton-MS-Gezira 3.4 (12.1) 4.9

Cotton MS-Rahad 3.5 (12.1) 3.6c/

Wheat-Irrigated-Gezira 2.8 (4.7) 8.5

Sorghum-Irrigated-Gezira 9.7 (21.1) 7.6

Sorghum-Traditional 9.7 (20.8) 17.5d/

Groundcauts-Irrigated-Gezira 5.3 (21.3) 8.0

Groundauts-Traditional 5.3 (21.2) 14.1d/

Sesame-Mechanized-Rainfed 3.4 6.3e/

Millet-Traditional 12.8 (15.4) 17. 6d/

SorghurN-Mechanized-Rainfed 9.6 (19.4) 10.1e/

Cotton-Mechanized-Rainfed 4.0 (12.0) -

Sesame-Traditional - 1 7.3d/

a/ Figures in brackets give total marketing, distribution and
transportation costs.

b/ Transportation from fields to Port Sudan as; a percentage of
F.O.B. cost.

c/ In Suki.

d/ In North Kardofan and South Darfur.

e| In Gedaref.


