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ABSTRACT

Sudan is the largest Arab and African country in
livestock wealth, and it possesses the greatest potential to
develop this wealth to broad horizons, making it one of the
most important resources of all time. The livestock sector
in Sudan has contributed to supporting the Sudanese
economy by providing hard currency and increasing
exports, with this sector contributing 15%-22% of the total
gross domestic product in 2023.

The red meat sector is one of the most important
agricultural production activities in Egypt, as it is a major
source of agricultural income and a primary source of
animal protein needed to feed the population. Red meat
production is of particular importance in Egypt, as it is a
source of income for many rural and urban families and a
primary source of animal protein needs. The sector is
considered a distinct investment area on a commercial
scale.

Egyptian red meat production increases by
approximately 1.65% and 3.11% for each 1% increase in
the quantity of dry straw (per thousand tons) and the farm
price (per kilogram), respectively. Meanwhile, Egyptian
consumption decreases by approximately 1.03% and
1.01% for each 1% increase in imports, while production
increases by approximately 0.23% over time.

Keywords: Simultaneous model,
demand and supply, forecasting

INTRODUCTION

The issue of food has received considerable attention
from numerous scholars at both regional and global
levels, as it is regarded as one of the most critical and
strategic concerns in Egypt due to its economic, social,
and political dimensions. Food security is considered a
key pillar of national strategic security. The Egyptian
food basket is characterized by a deficiency in animal
protein products (Soliman, 1997).

determinants of

The value of agricultural production has been
increasing during the period (2005-2023) with an
average of about 447.09 billion pounds, as the minimum
value of agricultural production reached about 126.9
billion pounds in 2005, and a maximum of about
1797.03 billion pounds in 2023, (http://www.fao.org).
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Livestock production represents a significant
component of agricultural activity. The crop production
sector relies on the livestock sector to supply organic
manure necessary for fertilizing agricultural lands and
enhancing soil fertility, in addition to supporting various
farming operations. Conversely, the livestock sector
depends on the crop production sector for the provision
of fodder crops cultivated exclusively for animal
consumption (Morsi, 2013). Furthermore, agricultural
residues and crop by-products serve as important
sources of animal feed, which livestock can convert into
high-value food products such as meat and milk (EI-
Saify & EI-Mahi, 1996 and Amin, 2024).

The value of red meat is increasing during the period
(2005-2023) with an average of about 49.41 billion
pounds, with a minimum of about 18.8 billion pounds in
2005, and a maximum of about 136.21 billion pounds in
2023.

Sudan is considered the largest Arab and African
country in terms of livestock resources, possessing the
most extensive potential for developing this sector to
broader horizons, which could render it one of the most
valuable national assets. The livestock sector has played
a significant role in supporting the Sudanese economy
by generating foreign currency and increasing exports.
In 2019, this sector contributed approximately 15% to
22% of the country’s total Gross Domestic Product
(GDPy (Ahmed et al., 2007 and Mohamed, 2015).

Sudan possesses untapped economic resources, such
as livestock, which have not been utilized efficiently.
This sector faces numerous challenges that have
negatively  impacted the country’s economic
development performance. A review of previous studies
conducted in Sudan related to the subject of this
research reveals the absence of a comprehensive study
that clearly identifies the shortcomings and outlines
potential development pathways in the livestock
production sector in general, and in red meat production
in particular (Saeed, 2012).

The red meat sector is considered one of the
important agricultural production activities in Egypt,
serving as a major source of agricultural income and a
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primary provider of animal protein essential for human
nutrition. Red meat production holds particular
significance in Egypt, as it represents a source of
income for many households in both rural and urban
areas and fulfills a fundamental part of the family’s
dietary protein requirements (Soliman et al., 2012).
Moreover, the sector constitutes a prominent area for
intensive commercial investment (Metwally, 2002 and
Mahmoud, 2013).

Research Problem:

The main problem addressed in this study lies in the
insufficiency of production capacity to meet the
growing consumption demand for red meat. The total
consumption of red meat amounts to approximately
0.945 million tons, compared to a production volume of
around 0.56 million tons. This has resulted in a
production-consumption gap estimated at about 0.384
million tons in 2023, with a self-sufficiency rate of only
59.37%. Therefore, it is essential to examine the key
factors influencing red meat production in order to
reduce the food gap.

Research Objectives:

The primary objective of this study is to analyze the
key factors influencing the quantity of production,
consumption, and imports of red meat using a multiple
equation model covering the period from 2005 to 2023.
Additionally, the study employs simultaneous equations
models in an attempt to utilize them for forecasting in
the upcoming period. The ultimate aim is to provide
recommendations for enhancing integration between
Egypt and Sudan, and to emphasize the most critical
factors necessary for increasing the value of livestock
production, thereby contributing significantly to
economic growth.

Research Methodology and Data Sources:

To achieve the objectives of the study, both
descriptive and quantitative analytical methods were
employed to address the research topics. A simultaneous
econometric model was developed to identify the key
determinants of the supply and demand for red meat and
to forecast the behavior of the study variables
(Abdelkader, 1990).

The research relies on data available from online
sources such as (http://www.trademap.org),
(http://www.worldbank.org), and (http://www.fao.org),
as well as from publications of the Central Agency for
Public Mobilization and Statistics (CAPMAS), the
Ministry of Agriculture and Land Reclamation, the
Economic Affairs Sector, the Arab Organization for
Agricultural Development, and the Annual Statistical
Yearbook. In addition, relevant academic studies and
research papers were consulted to support the analysis.

Research Findings :

This section presents the statistical estimation of the
macroeconomic econometric model for the supply and
demand variables of red meat during the period 2005—
2023, using multiple-equation models. Given that
economic phenomena are often complex and cannot be
adequately described or analyzed using a single
equation, there is a consistent need to represent such
phenomena as multifaceted, involving numerous
interrelated economic relationships.

Multiple-equation models capture the mutual
influence between dependent and independent variables
within the system, unlike single-equation models, which
typically reflect only a one-way effect from the
independent to the dependent variable and fail to
account for reverse causality. Accordingly, this study
conducted a statistical estimation of the components of
red meat supply and demand using multiple-equation
models to better reflect the intricate interdependencies
among the variables.

The estimation of a multiple-equation econometric
model is relatively more complex than that of single-
equation models, due to the numerous stages and key
steps it requires. These begin with the formulation of
economic relationships based on sound economic logic,
followed by the identification of the most relevant
variables through the simple correlation matrix. Next is
the determination of the most suitable functional forms
to be used in statistical analysis. Once the model
parameters are specified, the model's identification
status is assessed, and the most appropriate estimation
methods are selected.

In this context, the study employed both aggregate
and per capita forms of variables, in addition to using
logarithmic  transformations of each. National
production value and national consumption value were
also used in both their total and per capita forms. These
various combinations and configurations of model
variables were selected based on specific criteria:
economic logic, statistical significance, and minimizing
econometric measurement problems as much as
possible. This approach was adopted to ensure the
highest possible accuracy in the estimated results,
thereby enhancing their reliability for future forecasting
puUrposes.

Specification of the Econometric Model for Red
Meat Demand and Supply Using Multiple-Equation
Models:

The key economic relationships that constitute the
econometric model for red meat demand and supply can
be identified through the formulation of both the
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demand function (consumption) and the supply function
(production and imports).

First: Estimation of the Simultaneous Econometric

relates to the factors influencing red meat production,
while the second addresses the factors affecting the
quantity of red meat imports into Egypt. The persistent

and increasing annual deficit in domestic red meat
supply relative to demand has necessitated a continual
rise in import volumes.

Model Parameters for the Red Meat Sector in Egypt
1 .Supply Function :

The supply side in the Egyptian red meat demand
model comprises two main relationships. The first
1- The Import Function Equation:

The following equation represents the import function:

Where
Yt = Quantity of red meat imports (in thousand tons)

Y1 =T (Y3 X1, X2,X3,X4, Y521 ,t)

Y 3(t—1) = Quantity of red meat consumption in the previous year (in thousand tons)

X4 = Egypt’s national income (in USD)

X, = Exchange rate

X3 = Population (in thousands)

X4 = Import price of red meat (USD per ton)

T = Time (trend variable)

Ys(t—1) = Quantity of red meat production in Sudan in the previous year (in thousand tons)

2- Production Function:

The production function for red meat can be represented by the following equation:
Where:  Ya=f (Yi¢1),Xs, X6 ,X7,X8,X9,X10X11,1)

Y 2t = Volume of red meat production (in thousand tons)

Y 1(t—1) = Quantity of red meat imports in the previous year (in thousand tons)

Xs = Number of livestock heads for red meat production (in thousand heads)

Xe = Total quantity of dry fodder (in thousand tons)

X5 = Total quantity of concentrated feed (in thousand tons)

Xg = Total quantity of green forage crops (in thousand tons)

Xo = Total area of green forage crops (in thousand feddans)

X410 = Farm-gate price of red meat (in EGP per kilogram)

X441 = Livestock sector loans (in million EGP)

T = Time (trend variable)

2. Demand Function
The demand side for red meat is represented through the consumption function, which can be expressed in the
following mathematical form:

1. The Consumption Function Equation:

The following equation represents the consumption function for red meat:

Where: Yy =f (Yz(t.l),Xl X3 ,Xlr,Y4(t.1) ,'[)

Y st = Quantity of red meat consumption (in thousand tons)

Y 2(t—1) = Quantity of red meat production in the previous year (in thousand tons)

X4 = Egypt’s national income (in USD)

X3 = Population (in thousands)

X4, = Retail price of red meat (in EGP per kilogram)

Y 4(t—1) = Quantity of Sudanese red meat exports in the previous year (in thousand tons)
T = Time (trend variable)
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Second: Estimation of the Parameters of the 2. The following equation represents the export
Simultaneous Standard Model for the Red Meat  function:

Sector in Sudan Y = (Y51, X18 X14,Xa5,Xa6, Y3 1)

1- Supply Function: Y 4t: Quantity of red meat exports (in thousand tons)

The supply side of the Sudanese demand model for red Y5(t—1): Quantity of Sudanese red meat production in the previous
. . . : . in th d t

meat includes two main relationships. The first concerns year (in Ousar? ons) - —

the factors affecting red meat production, while the Ys(t=1): Quantity of Egyptian red meat consumption in the

second pertains to the factors influencing the volume of previous year (in thousand tons)

Sudanese exports, which have led to an increase in Xa3: Sudan’s national income (in US dollars)
exports. Xj4: Sudanese exchange rate

X15: Sudan’s population (in thousand persons)
X6 Export price of Sudanese red meat (in US dollars per ton)

1 .Production Function:

This can be expressed in the following equation: T: Time (trend variable)
Where: Y= f (Yaea),Xe7, X1g,X19,t)
Yst: Volume of red meat production (in thousand tons) Statistical Estimation Results:
Y 4(t—1): Quantity of Sudanese red meat exports in the previous The previous results indicate that the model is over-
year (in thousand tons) identified, and therefore, the Three-Stage Least
Xi7: Number of livestock heads used for red meat production (in Squares (3SLS) method was the most appropriate
thousand heads) technique used for estimating the following econometric
X,g: Total area of green fodder crops (in thousand feddans) model. The statistical analysis results were as follows:
Xi9: Farm-gate price of red meat (in Sudanese pounds per kilogram), 1. Import Equation
T: Time (trend variable) INY1 =4.22 - 0.23 InX, -1.01 InX4 +1.32 InY 1) + 2.11 InYise)
(2.87% (324  (-5.01)** (3.44)*  (3.11)*
2. Demand Function: R?2=0.71 D.W=1.78 F=14.66**

The demand side for meat is represented in the form
of a consumption function for red meat. These functions 2. Egypt’s Production Equation:

can be expressed in the following mathematical form for v, = 1 19 + 1.65 InX+3.11 InX10-1.03 InYi¢1) +0.23 T
consumption and exports: (12 (346 (512 (212 (2.03)*
1. The following equation represents the R2=0.91 D.W=1.88 F=18.33**
consumption function:
Where Yz = (Yye1),X13, X5 ,X20, Yse1),t)
Y t: Quantity of red meat consumption (in thousand tons) 3. Egypt’s Consumption Equation:
Y5(t-1): Quantity of Sudanese red meat production in the previous LnY5=0.23 +0.56 X3-0.33 Xio+ 012 InY54q)  +0.31InY ey
year (in thousand tons) (4.2)** (2.78)* (-4.02)** (3.11)* (4.94)**
X13: Sudan’s national income (in US dollars) R2?=0.79 D.w=1.91 F=13.08**

X1s: Population (in thousand persons)

Xzo:.RetaiI price of red meat (in Sudanese pounds per kilogram) 4. Sudan Export Equation

T: Time (trend variable)

Y 1(t—1): Quantity of Egypt's red meat imports in the previous year InYar = 1.45 - 0.55 X5 +0.21 InX16 + 1.11 InY(e)

(in thousand tons) (3.11) (-3.43)* (5.81)** (5.11)**
R?=0.88 D.W=1.68 F=18.33**

5. Sudan’s Production Equation
INYst=0.22 + 1.12 InX17+2.34 InX15 +1.06 InY4(t.1)
(12" (3.12) (4.04)" (5.11)"
R2=0.66 D.W=156  F=11.34"
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6. Sudan’s Consumption Equation
LnYet: 0.45-0.23 Xzo- 0. |nY1(t.1)
(1.23) (-6.12)™ (-4.21)™
R?=0.77 D.W=1.89 F=12.39"
where :

**: Indicates the significance of the regression coefficients and the
model as a whole at a significance level of 0.05

*: Indicates the significance of the regression coefficients and the
model as a whole at a significance level of 0.05

ns. Indicates the insignificance of the regression coefficients and the
model as a whole.

R2 refers to the adjusted coefficient of determination value.

F: indicates the significance of the model as a whole.

Source: Collected and calculated (http://www.fao.org,
http://www.trademap.org, http://www.world bank.com).

As shown in Equation (1), the quantity of red meat
imports into Egypt increases by approximately 1.32%
and 2.11% for every 1% increase in the previous year's
consumption and Sudanese red meat production,
respectively. Conversely, the quantity of Egyptian red
meat imports decreases by about 0.23% and 1.01% for
every 1% increase in the exchange rate and the import
price of red meat, respectively. This indicates that the
most influential variables affecting the quantity of red
meat imports in a given year are, in order of impact: the
previous year's consumption, followed by the exchange
rate, import price, and Sudanese red meat production

The statistical significance was confirmed at the
0.05 level, and the overall model was found to be
statistically significant. It was also revealed that
approximately 71% of the variation in the quantity of
red meat imports can be attributed to changes in the
independent variables under study.

As shown by Equation (2), the quantity of red meat
production in Egypt increases by approximately 1.65%
and 3.11% for every 1% increase in the quantity of dry
roughage (in thousand tons) and the farm-gate price of
red meat (in EGP per Kkilogram), respectively.
Conversely, the quantity of production decreases by
about 1.03% and 1.01% for every 1% increase in the
volume of imports. Production also increases by
approximately 0.23% over time. Thus, the most
influential variables affecting the quantity of red meat
production in a given year are the quantity of dry
roughage, the farm-gate price in EGP per kilogram, the
volume of imports, and time, respectively.

The model demonstrated statistical significance at
the 0.05 level, and the overall model was also
statistically significant. It was found that approximately
91% of the variations in red meat production are
explained by the independent variables included in the
study.

Based on the above, Equation (3) indicates that the
quantity of red meat consumption in Egypt increases by
approximately 0.56%, 0.12%, and 0.31% for every 1%
increase in the population (in thousands), the quantity of
production in the previous year, and the volume of red
meat exports from Sudan (in thousand tons) in the
previous year, respectively. In contrast, the quantity of
consumption decreases by about 0.33% for every 1%
increase in the retail price of red meat. Therefore, the
most influential variables affecting the quantity of red
meat consumption in a given year are population, retail
price of red meat, quantity of production in the previous
year, and red meat exports from Sudan.

The model was statistically significant at the 0.05
level, and the overall model also proved to be
statistically significant. It was found that approximately
79% of the variations in red meat consumption are
attributed to the changes in the independent variables
under study.

As shown in Equation (4), the quantity of Sudanese
red meat exports increases by approximately 0.21% and
1.11% for every 1% increase in the export price of meat
and Egypt's red meat consumption in the previous year,
respectively. In contrast, the quantity of Sudanese
exports decreases by approximately 0.55% for every 1%
increase in population. Thus, the most influential
variables affecting the volume of red meat exports in a
given year were the previous year’s Egyptian
consumption, followed by the export price and Egyptian
red meat consumption levels.

The model was statistically significant at the 0.05
level, and the overall model also proved to be
statistically significant. It was found that approximately
88% of the variation in Sudanese red meat export
volumes can be attributed to changes in the independent
variables under study.

As also indicated by Equation (5), the quantity of
Sudanese red meat production increases by
approximately 1.12%, 2.34%, and 1.06% for every 1%
increase in the number of Sudanese livestock heads, the
area of green fodder (in thousand feddans), and the
volume of Sudanese meat exports in the previous year,
respectively. Thus, the most influential variables
affecting red meat production in a given year are, in
order of importance, the number of Sudanese livestock
heads, the area of green fodder, and the volume of
Sudanese meat exports in the previous year.
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The model was statistically significant at the 0.05
level, and the overall model also proved to be
significant. It was found that approximately 66% of the
variation in Sudanese red meat production can be
attributed to changes in the independent variables under
study.

As demonstrated by Equation (6), the quantity of
Sudanese red meat consumption decreases by
approximately 0.23% and 0.43% for every 1% increase
in the retail price of red meat and the volume of
Egyptian imports of red meat in the previous year,
respectively. This indicates that the most influential
variables affecting Sudanese red meat consumption in a
given year are the retail price of red meat and the
previous year's volume of Egyptian red meat imports.

The statistical significance of the model was
confirmed at the 0.05 level, and the overall model was
found to be statistically significant. It was also revealed
that approximately 77% of the variation in Sudanese red
meat consumption can be explained by changes in the
independent variables considered in the study.

Third: The Use of Simultaneous Equations Models
in Forecasting Future Expected Values for Red Meat

Future forecasts of economic conditions are
instrumental in shaping state policies and determining
the necessary directions to align with anticipated
developments. These forecasts enable the identification
of the economic outlook for key commodities, and
based on this insight, the government can formulate
appropriate policies concerning such goods. The
proposed econometric model can be utilized to estimate
the expected future values of the endogenous variables
included within the model.

Forecast Using Simultaneous Models for Future
Expected Values of Egyptian and Sudanese Red
Meat during the Period (2024-2028):

It is evident from Table (1) that the average
quantities of production, imports, and consumption of
Egyptian red meat during the period (2024-2028)
amounted to approximately 498.57, 207.15, and 914.46
thousand tons, respectively.

The forecast using simultaneous models for the
future expected values of Sudanese red meat during the
period (2024-2028) shows that the average quantities of
production, exports, and consumption of Sudanese red
meat amounted to approximately 878.46, 21.47, and
917.62 thousand tons, respectively.

Table 1. Forecast of Demand and Supply for the Red Meat Sector (in thousand tons) during the period (2024-

2028)
Egypt Sudan
Import . Red Meat Exports . Red Meat
Years Quantity C(olrcl)s(,)%n:g;clgn Production (1000 C(()lrg)%%rrt]g;;c;n Production
(1000 tons) (1000 tons) tons) (1000 tons)
2024 171.76 931.52 543.68 21.15 915.16 912.67
2025 196.09 923.11 520.09 21.55 916.39 900.56
2026 214.00 915.67 489.89 20.95 917.62 888.46
2027 222.00 909.22 479.68 21.49 918.84 866.36
2028 231.91 892.78 459.48 22.18 920.07 824.26
Average 207.15 914.46 498.57 21.47 917.62 878.46

Source: The data were compiled and calculated from Table (1) in the appendices.
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Recommendations :

1- Reducing farm production costs for producers by
regulating the feed trade and preventing
monopolistic practices.

2- Importing high-yield meat breeds from countries
with proven advancements in livestock production.

3- Directing agricultural policies toward the increased
allocation of substantial portions of newly reclaimed
lands for the cultivation of forage crops.

4- Activating the system of agricultural waste recycling
to increase on-farm production of livestock feed.

5- Expanding the cultivation of alfalfa (Medic ago
sativa), especially in newly reclaimed lands being
prioritized by the state, to help reduce the fodder

gap.

6- Introducing incentives to increase the cultivated area
of quinoa, given its promise as a potential forage
crop.

7- Expanding  the  establishment of  farms,
slaughterhouses, and cold storage facilities along the
Egyptian-Sudanese border to reduce costs and
preserve meat quality.
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Appendices

Table 1. Shows the quantities of production, consumption, exports, and imports of red meat in Egypt and
Sudan during the period 2005-2023

Egypt Sudan

Vs Impor Ol GO produion | ST SO produion

(1000 tons) (1000 tons)
2005 151.9 1133.0 853.0 5.65 1687.48 1692.62
2006 224.0 1312.0 877.0 0.02 1704.95 1714.44
2007 256.8 1382.0 915.0 2.17 1872.91 1891.53
2008 114.1 1176.0 959.0 6.69 1955.21 1956.70
2009 103.8 1196.0 980.0 6.00 2008.70 2008.90
2010 499.7 1052.0 791.0 8.35 2004.66 2008.90
2011 154.2 1033.0 787.0 8.10 1922.30 1930.20
2012 192.0 1052.0 788.0 61.40 1901.30 1962.20
2013 101.0 1118.0 780.0 3.52 964.70 968.01
2014 63.5 1223.0 769.0 36.40 1000.99 1037.39
2015 315.2 1408.0 793.0 36.93 1007.24 1043.45
2016 269.4 1167.0 791.0 8.30 1047.75 1055.19
2017 231.7 1155.0 792.0 15.01 1091.39 1105.80
2018 236.4 1263.0 639.0 12.74 903.31 915.30
2019 292.0 1003.0 544.0 10.05 910.35 919.30
2020 267.5 924.0 512.0 13.65 910.23 923.39
2021 190.4 1021.0 589.0 16.32 907.82 923.98
2022 170.4 960.0 612.0 17.85 914.87 932.43
2023 125.7 945.0 561.0 20.99 914.16 934.77

Source: http://www.trademap.org
https://www.fao.org/faostat/en

Ministry of Agriculture and Land Reclamation, Economic Affairs Sector, Livestock Statistics, various issues.
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