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Abstract

This paper discusses the situation of irrigated sorghum and wheat with respect to their financial and economic
profitability and international competitiveness in use of domestic resources, in light of declared government policy
which emphasizes shifting from traditional rainfed sector to irrigated sector for production of staple foodgrain.
Domestic resource cost analysis has been employed using official and shadow exchange rates. Measures of domestic
resource cost ratio, international value added, international competitiveness, nominal and effective protection
coefficients were also estimated. Results indicate that the economic profitability has been significantly higher than
the financial one due mainly to variability in international prices, yields and overvalued exchange rates; but
devaluation of the currency is not a sufficient condition for paying higher prices to farmers.

The Sudan agricultural sector is composed of
two distinct subsectors: irrigated and rainfed. The
irrigated subsector is mostly concentrated in par-
tially sponsored governmental schemes along the
banks of the Nile River and its tributaries. It
occupies 4.5 million feddans (one feddan = 0.42
ha) dominated by gravity irrigation schemes. The
major schemes of this subsector include, the
Gezira (2.12 million feddans), New Halfa (330 000
feddans), Rahad (300000 feddans) and pump
schemes. The main crops grown include cotton,
wheat, sorghum, groundnut and vegetables.

* Corresponding author.

The rainfed subsector, largely encompasses
private mechanized farming schemes of growing
importance. The dominant crops grown in the
rainfed areas are sorghum and millet, however,
returns from crops in this subsector are highly
fluctuating and increasingly unstable relative to
international standards, with a coefficient of pro-
duction variation of 28% (Maxwell, 1988). This
level of variability is attributed to the horizontal
expansion of the mechanized rainfed areas and
unpredictable annual rainfall levels. The irrigated
subsector produces all of the country local sup-
plies of wheat while it contributes about 15-36%
of sorghum during seasons of high and low rain-
fall respectively with provision of a more stable
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production (Hamid et al., 1992). In general, the
country is in surplus in most years for sorghum,
exporting more than 500000 t annually, and nearly
in balance for millet. However, it is in great
deficit for wheat due to declining production
output which coincides with rising consumption.
While consumption is increasing at a rate of 3%
per annum, production is growing at 2% only
(World Bank, 1990a). This discrepancy is miti-
gated by a continuous carry-over of sorghum
stocks under the buffer-stock programme and
balanced by imports. During the 1980’s Sudan
typically imported 75% of its total wheat supplies
due mainly to faster consumption growth rate,
particularly among urban consumers.

Since 1989, a planned shift of emphasis to the
irrigated subsector, with regard to foodgrain
(wheat and sorghum) has been adopted. This
shift was undertaken to provide broadly-based
and reasonably steady production growth rate for
the future (Government of Sudan, 1990). Expan-
sion of cultivable area and liberalisation of the
domestic marketing, particularly devaluation of
the currency are the two main options which are
sought to provide incentives for foodgrain pro-
ducers. Consequently, wheat cultivated area in
the irrigated schemes increased by 182% between
1989 and 1992 and that of sorghum increased by
77% during the same period.

The main objective of this study was to investi-
gate the following: (1) the competition provided
by the market structure of goodgrain in the Su-
dan; (2) the extent of effectiveness of devaluation
with regard to competitiveness of the two crops;
(3) the full benefit of devaluation (in terms of
comparative advantage); and (4) the likely impact
of alternative policies.

The approach followed here consisted essen-
tially in deriving the cost structure to reveal the
competitiveness and comparative advantage of
the two crops. The results can be used to identify
what kind of farmers (categorized by schemes
under consideration) and the technology they use,
are competitive under current policies affecting
input-output prices and how profit changes as
policies change. Although the context is food-
grain in the Sudan, the lessons are applicable to
many other countries.

1. Methodology and theoretical basis

The theory behind production profitability for
international competitiveness lies in the opportu-
nity to exploit the net economic profitability of a
productive activity. The starting point of such an
evaluation was to derive actual costs of produc-
tion by adjusting domestic costs and tradable
products for taxes, subsidies and other price dis-
tortions. Once the real costs of production are
estimated, competitiveness will be evaluated along
the lines initially developed by Bruno (1967) in
his measurement of domestic resource costs and
the various refinements that subsequently have
been introduced (Corden, 1974; Ingram and
Pearson, 1981; Pearson et al., 1987; Monke and
Pearson, 1989).

To calculate the net economic profitability all
inputs and outputs must be valued at their re-
spective shadow prices. The net economic prof-
itability (nep) of the xth production activity may
be written as the difference between the eco-
nomic value of outputs and the economic value of
inputs used, plus externalities:

NEP, = quxps - Zaixvi +Ex (1)
K i

where g, is the quantity of the sth output from
the xth activity, and P, is its shadow price; a;, is
the amount of the ith input to xth activity, and V;
is its shadow price; E, is a general term covering
external costs and benefits.

When traded outputs are produced and some
traded inputs are used in the process, Eq. (1), can
be written as follows:

nee, = (L a,, pi- Tl vf) v°
N X
i

where ‘t” and ‘d’ represent traded and non-traded
products, respectively. The corresponding shadow
prices are v} and v and since the activity in
question produces a traded product, we designate
its price as p; in foreign exchange and V¢ is the
shadow price of foreign exchange (in terms of
domestic currency).

Based on Eq. (2), the international value added
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(1va) by the x™ activity in foreign exchange may
be written as follows:

IVA , = quxp;_ Za;x Uit (3)
s i

when Eq. (3) is multiplied by the shadow ex-
change rate (V/°) it is the international value
added in domestic currency terms. Having the
domestic resource cost (DRC)

DRC, = Za?x Uz'd - Ex (4)
i

Eq. (2) may be written as follows:
NEP, = 1VAY — DRC, ®))

If NEP, is positive, the productive activity en-
joys a comparative advantage in world trade.

By using V¢ to value traded inputs and prod-
ucts, it is possible to ask whether or not a given
activity earns sufficient (1va) to bid effectively for
the domestic resources. Consequently, positive
(~EP) is an indication of efficient competition in
the world market.

For empirical approximation of policy impact,
the framework utilizing Egs. (1) through (5) can
perhaps be explained most clearly by the use of
Policy Analysis Matrix (PAM) developed by
Monke and Pearson (1989). PAM approach is
shown in Table 1.

2. Financial analysis

The concept of (NEP) rests on the utilization of
economic prices rather than financial ones. How-
ever, the economic benefits in an activity that
enjoys a comparative advantage requires that pro-
duction operates in an environment of financial
(market) prices. In the Sudan, till recently, there
were substantial tax and subsidy distortions which
derive a wedge between financial and economic
prices (Nashashibi, 1980; Osterdiekhoft and
Wohlmuth, 1983; Hussain and Thirlwall, 1984;
D’Silva, 1985, 1986; D’Silva and El Badawi, 1988).

In order to analyze financial profitability, it is
necessary to construct budgets for individual pro-
ductive activities and to link these budgets where
farming system considerations arise. Referring to
Table 1, financial calculations show the competi-

Table 1
Policy analysis matrix
Reve- Cost Profits
MU€ " Tradable Domestic
inputs factors
(Foreign  (Local)
exchange)
Financial prices A B C D
Economic prices E F G H
Effects of efficiency 1 J K L
policy and market
imperfections

where D = (A —B—C): financial profitability H=(E—F-G):
economic profitability I = (A — E): output transfers J = (F— B):
input transfers K = (G —C): factor transfers L=(D—-H =1—
J—K): net transfers.

tiveness of the agricultural system, given current
technologies, output values, input costs and pol-
icy transfers.

3. Economic analysis

Economic calculations depend on the process
of disaggregation to separate intermediate costs
into four categories: tradable inputs, domestic
factors, transfers (taxes and subsidies) and non-
tradable inputs (which themselves have to be
further disaggregated). Ultimately, all compo-
nents are classified into tradable inputs and do-
mestic factors (Table 1) and as such economic
revenues and costs permit computation of (NEp),
H, net transfers from all policies, L, and output,
input and factor transfer (I, J, and K, respec-
tively). The analysis, thus permits comparison of
the effects of market failures and distorting poli-
cies on commodity systems.

4, International competitiveness analysis

Using the described framework, measures of
comparative advantages could be estimated with
reference to Table 1. The most important ratios
are the following:

(1) International value added (1va): gross rev-
enue less foreign exchange component of all
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cost (A — B) in financial analysis (in foreign (3) Nominal protection coefficient (npc =(A/
exchange) or (E — F) in economic analysis (in E)): revenue at market prices divided by the
local currency). revenue at world price equivalent.

(2) Domestic resource cost ratio (brc =[G /(E — (4) Effective rate of protection (Erp = (A —
B)]): cost of domestic resources divided by the B)/(E — F)): ratio of value added at market
(1va) in local currency. prices to value added at world prices.

Table 2.1

- International comparative advantage indicators for sorghum production in some irrigated schemes
A) Gezira

NEP FP DRC VA cic NPC ERP
1986 /87
0 (2.5) —7.51 —18.46 1.15 26.65 5.19 0.77 1.10
S(8.2) 0.70 24.25 5.71 0.45 0.61
1987 /88
0@4.35) 426.32 —49.03 1.72 34.56 5.92 2.15 3.81
S (10.86) 0.70 26.96 7.59 1.01 2.02
1988 /89
0@4.5) 261.79 183.54 0.70 50.57 8.57 0.78 1.00
S (11.52) 3.65 10.31 42.04 0.83 5.21
1989 /90
0 (4.5) 676.42 —-127.42 1.27 38.86 15.48 1.60 2.64
S (20.1) —-1.20 —2493 —-24.14 1.06 —-2.50
1990 /91
0(12.2) 4283.19 —773.86 3.13 29.72 38.24 5.62 15.32
S(29.1) -1.01 —3851 —29.51 2.82 —4.96
1991 /92:
0 (15.0) 2653.90 1714.89 0.53 66.17 29.08 0.95 1.12
S (66.75) -0.74 —38.89 —49.49 0.79 —-1.57
B) New Halfa

NEP FP DRC VA cic NPC ERC

1986 /87
0.5 3.96 -17.12 0.86 44.11 3.87 0.88 0.99
S(8.2) 0.50 41.71 4.09 0.46 0.57
1987 /88:
0 4.5 165.36 —32.78 1.21 34.87 5.44 1.46 2.21
S (10.86) 0.97 24.81 9.72 0.74 1.38
1988 /89
0 (4.5) —5.45 252.63 0.59 50.97 7.24 0.53 0.59
S(11.52) 1.33 24.17 15.27 0.56 1.31
1989 /90
0 (4.5) 290.34 —-71.38 1.14 40.91 13.94 1.16 1.75
S (20.10) —1.64 —-17.26 —33.06 0.77 —-2.52
1990 /91
0(12.2) 6611.64 —104.80 1.16 55.56 14.18 6.19 10.87

S (29.10) -1.15 —30.40 —33.42 2.92 —6.35




Y.T. Gumaa et al. / Agricultural Economics 11 (1994) 325-333 329

Table 2.1 (continued)

C) Rahad
NEP FP DRC VA CIC NPC ERP

1986 /87

0(2.5) 3.96 -17.12 1.09 4336 4.89 0.81 1.09
S (8.20) 0.63 40.96 5.18 0.46 0.61
1987 /88

0 (4.5 85.63 -97.27 1.68 31.95 7.54 1.46 2.38
S (10.86) 0.91 2434 9.90 0.69 1.30
1988 /89

0 (4.5 188.12 52.94 0.89 37.89 10.80 052 0.58
S (11.52) 3.09 11.53 35.49 0.54 2.03
1989 /90

0 (4.5 33.79 106.81 1.44 35.09 17.52 1.10 1.54
S (20.10) -255 —~11.99 -51.29 0.74 273
1990 /91

0 (12.2) 4416.40 —558.36 222 37.51 27.08 5.79 1227
S (29.10) -115 —30.40 -33.42 2.92 -6.35

Figures in parenthesis are exchange rates. O, with official exchange

(5) Coefficient of international competitiveness
(cic = (C/1va)): ratio of domestic resource
cost to 1va in foreign exchange.

5. Data sources and estimation procedure

Approximate economic prices of wheat and
sorghum were considered as c.i.f. import prices
and the f.o.b. export prices respectively. Given
world prices, border-equivalent farmgate prices
were calculated (by adjusting for transport costs
to or from producer and consumer locations,
storage costs and other elements of marketing
margins). These were then compared with aver-
age producer prices. The cost of non-tradable
inputs were disaggregated into their underlying
tradable inputs and domestic factor costs. The
former changed as a function of the change in the
exchange rate used.

After netting out all direct policy effects on
prices (excise, taxes and custom duties (sub-
tracted), subsidies (added), the ratio of total eco-
nomic cost to total financial cost was referred to
as ‘conversion factor’ and used to convert finan-
cial values to economic values.

rate; S, with shadow exchange rate

Weighted average exchange rates (official, reg-
ulated parallel, sanctioned free market and un-
sanctioned free market rates) were computed and
used together with the official exchange rates for
comparison of policies’ impact. This was neces-
sary due to the presence of multi-exchange rates
operating at any point in time since 1978
(Nashashibi, 1980; World Bank, 1990b) with no
agreed-upon way of defining the correct exchange
rate (Harvey, 1988; Krueger et al., 1988).

Data was collected from the schemes annual
economic reports supplemented with farm sur-
veys and single interviews with key resource per-
sonnel. International prices were collected from
available FAO records and other international
publications. Foreign components for specific
items are based on the calculations of imports
and exports parity prices to farm-gates of the
respective schemes. Machinery and transport for-
eign component costs are based on estimates
provided by the officials in the schemes.

Using Quatro Pro spreadsheet software pack-
age, worksheets were prepared to allow sensitivity
analysis and updating.

‘Files’ were created for each crop for each
year at each scheme.
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6. Results and discussion

Results of comparative advantage indicators
are presented in Table 2.1 for sorghum in Gezira,
New Halfa and Rahad and in Table 2.2 for wheat
in all irrigated schemes.

Generally, the net economic profitability (NEP)

and financial profitability (FP) of the two crops in
the different schemes and through time were
unstable. They fluctuated between negative prof-
itabilities and fairly positive ones, and this was
attributed to changes in exchange rates, interna-
tional prices, cost of production and seasonal
variability of yield. Moreover, economic prof-

Table 2.2
International comparative advantage indicators for wheat production in irrigation schemes
A) Gezira

NEP FP DRC VA cic NPC ERC
1986 /87
0(2.5) 25.00 125.00 0.40 57.33 1.81 0.99 1.16
S(8.2) 0.23 55.52 1.07 0.55 0.66
1987 /88
0 4.5 61.00 166.00 0.43 64.80 1.95 1.14 1.31
S (10.86) 0.19 68.06 2.10 2.10 0.49
1988 / 89
04.5) 554.00 197.00 0.53 93.82 2.40 1.82 2.64
S(11.52) 0.23 84.96 2.63 0.75 1.14
1989 /90
04.35) —747.00 26.00 0.95 85.02 4.19 0.69 0.56
S (20.10) 0.27 66.81 5.34 0.17 0.16
1990 /91
0(12.2) —618.00 —628.00 443 14.99 54.06 2.20 7.47
S$(29.2) —-0.76 —38.11 —22.23 0.79 —-1.78
1991 /92
0 (15.00) 1966.00 —385.00 1.30 84.76 19.54 2.09 541
S (66.75) —-1.22 —90.82 —18.24 0.50 —-5.05
B) New Halfa

NEP FP DRC VA cIc NPC ERC
1986 /87
0Q5 —37.00 85.00 0.56 42.33 2.50 1.02 1.25
S (8.20 0.31 41.12 2.57 0.57 0.71
1987 / 88
0 4.5) —4.00 78.00 0.63 46.26 2.85 1.24 1.52
S (10.86) 0.28 43.36 3.04 0.53 0.67
1988 / 89
0O (4.5) 293.00 26.00 0.90 55.96 4.03 2.03 3.38
S(11.52) 0.78 51.20 441 0.83 1.44
1989 /90
0 4.5 700.00 —2.00 1.00 87.94 4.52 2.39 4.17
S (20.10) 0.26 74.99 5.20 0.57 1.10
1990 /91
0122 -169.00 —-591 7.18 7.85 87.58 2.38 17.52
S (29.10) —0.45 —52.23 13.20 0.93 —-1.11
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Table 2.2 (continued)

331

C) Other Schemes, 1990 /91

NEP FP DRC IVA cic NPC ERC
Blue Nile
0 (12.2) — 618.00 — 628.00 443 14.99 54.06 2.30 7.47
S (29.10) -0.63 —44.54 —-18.20 0.90 -1.05
Rahad
0 (12.2) —716.00 —747.00 3.61 21.79 46.48 2.28 5.69
S (29.10) —1.66 —20.93 —48.39 0.85 —2.48
White Nile
0 (12.2) —770.00 —816.00 6.14 13.00 74.94 2.17 9.67
S (29.10) —-0.69 -51.77 —18.83 0.78 -1.08
Northern Region
0(12.2) —3822.00 —2114.00 4.90 45.99 56.57 2.14 3.25
S (29.10) -1.16 —79.21 —33.71 0.77 -0.78

Figures in parenthesis are exchange rates. O, with official exchange rate; S, with shadow exchange rate

itability for both crops at official exchange rate
significantly outstripped financial profitability;
and this divergence was due mainly to the differ-
ences between economic and financial prices as a
result of government policies and market imper-
fections, which in turn was an indication of taxa-
tion of the two crops.

The competitiveness of sorghum was moderate
in the three seasons prior to 1989,/1990. It en-
joyed favourable prc with shadow exchange rates,
especially in the earlier two seasons. The interna-
tional value added was positive under both ex-
change rates, and the nominal protection coeffi-
cients were in most cases less than unity, reflect-
ing low prices received by farmers compared with
international prices. The implicit exchange rate
(Eq. 2), as indicated by the cic was generally
lower than the shadow exchange rates, reflecting
the uncompetitiveness of the crop.

The latter three seasons of the period of evalu-
ation of sorghum witnessed negative signs of brc,
vA, cic and Erp confirming Sudan’s weak com-
petitive position under attempted policy mea-
sures. It is noticeable that while the Npc on
outputs was greater than one in the majority of
cases, the ERP on inputs showed negative signs at
shadow exchange rates. That was due to the fact
that disincentives on inputs to production were
greater than the incentives or protection on sales.
Since in the absence of government policy (and

market imperfections) financial prices would be
equal to economic prices and both of the above
ratios would equal one, results would imply that
the attempts to offset part or all of the disincen-
tive effect on sorghum producers by devaluation
of the currency alone lead to further waste of
resources because of the high import content of
irrigated sorghum (57% of inputs are imported as
reported by El Hannan (1986) and Hussain and
Thirlwall (1984).

High variability in all measures existed in the
different schemes during the study period. The
iva ranged between US$10.3 and US$66.2 per
feddan, prc between 0.5 and 3.13 and that was
due primarily to annual changes in world prices,
yields and the choice of exchange rate used in the
analysis. Rahad and New Halfa schemes gener-
ally had a better comparative advantage than that
of Gezira as depicted by the 1va and the prc
values particularly at the official exchange rates
which offered some subsidies on imported inputs.

Wheat (Table 2.2) was generally more compet-
itive than sorghum under the current technology
arrangement. It realized quite favourable pRc
ratio and relatively high levels of 1va during the
period 1986 /87-1989 /90. The cic was, however,
low in that period. Lower Npc and ERP were also
recorded as compared to sorghum, showing lim-
ited protection on output and sizeable taxation in
the production process of wheat through ex-
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change rate policies. A similar situation to that of
sorghum (i.e. negative DRC, 1vA, cic and ERP)
prevailed in later seasons under study. It is to be
noted that wheat was the only crop which was
fully mechanized in the irrigated subsector and
understandably with very high import content
(estimated by El Hannan, 1986, as 89%). Average
annual yields, however, are still quite low com-
pared to either those in the irrigated sector of
neighbouring Egypt where yield is approximately
60% higher (Bright, 1990) or those obtained in
the Sudan’s agricultural research stations (Hamid
et al., 1992).

Weak competitiveness position was computed
for Blue Nile, White Nile, Rahad and Northern
Region schemes in 1990/91 for which data are
available. The former three schemes are new
areas of wheat production with less favourable
conditions for its growth and limited farmers ex-
perience. Many problems such as exceptionally
high winter temperature and limited input avail-
ability during that particular season contributed
to the poor performance.

The Northern Region suffered from the above
mentioned factors in spite of relatively better
crop management (Hamid et al., 1992). Neverthe-
less, both the 1va and the cic were high in the
North at official exchange rates as compared to
other schemes. However, a negative sign appears
also with DRrc, 1vA, cic and ERP confirming the
view that had farmers of wheat received the bor-
der-equivalent prices for their output at the
shadow exchange rates, under the current mar-
keting structure, they would have had large nega-
tive profits.

Both cereal crops were generally uncompeti-
tive under the conditions prevailing in the sea-
sons for which the analysis was made. The overall
results were consistent with the view that with
high import content, devaluation of the currency
alone can cause production cost to rise sharply
providing no incentive for producers, because
farmers face additional constraints such as physi-
cal and administrative barriers to increased sup-
ply. Agricultural inputs must be available so that
the technical conditions for raising output can be
met. Institutional arrangements that ensure that
the benefits of -higher cost of foreign exchange

and therefore higher international prices accruing
to the farmers and not to private traders must be
in place. The relevant technology must be avail-
able so that the incentive of higher prices can
significantly speed up the growth of production.
Transport bottlenecks must be solved in time to
ensure the smooth flow of inputs and outputs.

On the technology side, the average usage of
fertilizers per hectare of wheat was 7.5 Kg, com-
pared to 15.5, 46 and 62 for Zambia, Kenya and
Zimbabwe, respectively (World Bank, 1990a).
Seeds were unsufficiently handled and usually
being saved from the previous harvest (Bright,
1990). The lack of spare parts was such that an
estimated 70% of Sudan railways wagons were
out of commission in 1991 and the shortage of
fuel reduced the efficiency of road and the avail-
able rail transport (Government of Sudan, 1992).
Furthermore, the marketing boards of the irri-
gated schemes covered by the study were often
late in providing price signals (D’Silva and El
Badawi, 1988) and the organizational set-up of
these marketing agencies lead to a monopolistic
market structure for water, aerial spraying, fertil-
izers and certain mechanical operations. Further-
more, the schemes also act as monopsonists for
wheat and sorghum on the output side (Osman,
1989; Maxwell et al., 1990).

7. Summary and conclusions

Using the Policy Analysis Matrix for estimating
domestic resource cost and other efficiency mea-
sures, the competitiveness situation of two staple
foodgrain crops in state-owned schemes was dis-
cussed. The underlying assumption to the com-
petitiveness approach is based on constant costs
of production which is one of its limitations,
particularly when dealing with a highly dynamic
situation (Monke and Pearson, 1989). However,
like most publicly owned and administered
schemes, cropping changes in the Sudan irrigated
sector are rather slow and as such the competi-
tiveness approach should fairly approximate the
situation. Such implication of allocation, how-
ever, must be approached cautiously, as there
might be sharp changes in costs from one set of
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cost conditions to another. With this in mind, the
following conclusions can be drawn.

The economic profitability was significantly
higher than the financial one due mainly to vari-
ability in international prices over-valued ex-
change rates and low yields resulting from low
levels of production technology and weak institu-
tional arrangement. Moreover, the two crops were
uncompetitive at shadow exchange rates, reflect-
ing that nominal devaluation does not necessarily
result in a fall in the real exchange rates, nor in
improved terms of trade (in terms of comparative
advantage) for farmers.
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