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Abstract:

The research aimed to develop an economic plan to increase wheat production and reduce the amount of water
used in water-stressed alluvial shelf areas, using quantitative economic analysis represented by the point
estimation method and linear programming. This study showed that wheat production is concentrated in alluvial
shelf areas, where the total relative importance of alluvial shelf production reached 84.69%, while the contribution
of the Arabian Shield regions does not exceed 15.31% during the period 2018-2023. There is a disparity in wheat
productivity between regions, as productivity ranged between a minimum of 4.09 tons/ha for the Jazan region and
a maximum of 7.89 tons/ha for the Tabuk region. It was also shown that the priority areas for productive wheat
cultivation are Al-Jouf, Tabuk, Qassim, Hail, Riyadh, and the Eastern Province. The proposed economic plan
includes limiting wheat cultivation to Al-Jouf, Tabuk, Hail, and Makkah Al-Mukarramah regions. Accordingly,
wheat production can be increased by 11.2% and the amount of water used in the alluvial shelf areas can be
reduced by 6.27 million m3. The proposed plan also leads to an increase in the self-sufficiency rate for wheat
from 25.3% to 28.1%. Finally, this study recommends the need to reconsider the wheat production policy, so that
its cultivation is concentrated in areas with high productivity (Tabuk, Al-Jouf, Hail), and not in areas with low
productivity (Madinah and Jazan).

Keywords: wheat, priority areas, linear programming, proposed plan, Saudi Arabia.
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Introduction

Wheat is a strategic crop grown in the winter season, requiring less water than other crops (sorghum, maize, millet,
sesame, exposed potatoes, dates, citrus fruits, clover, and other fodder). It is known that the Kingdom of Saudi
Arabia suffers from water scarcity, and therefore Resolution (335) was issued to rationalize water consumption.
The resolution included stopping the purchase of locally produced wheat for a period not exceeding eight years,
at a rate of 12.5% annually, and thus the area planted with wheat decreased from 450.33 thousand hectares in
2007 to 84.7 thousand hectares in 2019, then increased to reach 210.1 thousand hectares in 2023. Local wheat
production also decreased from 2.56 million tons in 2007 to 500.2 thousand tons in 2019, then increased to 1.31
million tons in 2023 (Figure 1). In light of local consumption needs, the self-sufficiency rate for wheat decreased
from 103.0% in 2007 to 14.9% in 2019, then increased to 28.9% in 2023 (Ministry of Environment, Water and
Agriculture, 2023).
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Figure (1): Area and production of wheat in the Kingdom of Saudi Arabia during the period 2000-2023.

The study of (Alrwis, 2009) dealt with the impact of Resolution (335) on production, import and strategic stock
of wheat. It is expected that the total social loss will decrease from 1467.4 million riyals in 2008 to 868.3 million
riyals in 2015, while the amount of change in government spending will increase from 303.85 million riyals in
2008 to 3215.89 million riyals in 2015. This study recommended the following: (1) Reviewing the government
resolution issued regarding wheat and not abandoning its cultivation in light of the increasing global trend towards
biofuel production, (2) Focusing wheat cultivation on farms with large capacities due to their ability to achieve
high production efficiency. (Al-Nashwan, 2010) study interested in conducting an economic evaluation of the
impact of Resolution (335) issued regarding wheat, by studying the positive and negative effects according to the
method of analyzing the benefits gained and the social loss of wheat, where the ratio of benefits to social loss
reached 0.41 during the period 2009-2016. This study recommended the necessity of reconsidering the
government resolution issued regarding wheat and not abandoning wheat cultivation, especially in areas with a
comparative advantage in its production.

Some studies have addressed the agricultural crop production strategy, as the study (Ghanem et al., 2019) aimed
to develop an economic plan to increase potato production and reduce the amount of water used in water-stressed
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areas. This study showed that the proposed plan includes increasing potato production by 30.64%, to reduce the
amount of water used in water-stressed sedimentary shelf areas by 70.48%, and thus reduce the use of non-
renewable groundwater. The proposed economic plan also leads to reducing imports and increasing the self-
sufficiency rate for potatoes from 89.45% to 116.85%. This study recommended the need to reconsider the potato
production policy by focusing potato cultivation in areas with high and medium productivity according to the
priorities of the regions and the proposed economic direction of the land and water resources used in potato
production.

The study (Al Nashwan et al., 2019) aimed to develop a strategy for corn production in the Kingdom of Saudi
Arabia. This study showed that the economic orientation of land resources amounting to 17.84 thousand hectares
leads to a decrease in the amount of water used by 37.7%, an increase in corn production by 79.95%, in addition
to a decrease in the amount of imports by 1.9%, and an increase in the self-sufficiency rate from 2.32% to 4.16%.
Finally, this study recommended the need to reconsider the corn production policy by focusing on corn cultivation
in areas with high and medium productivity according to the priorities of the regions and the economic orientation
of land resources used in corn production.

The study (Ghanem et al., 2022) addressed the impact of food sovereignty of cereal crops on water consumption
in the agricultural sector during the period 1990-2020. This study showed that the total amount of water used in
cereal production amounted to 136.32 billion m3, representing 27.0% of the total amount of water used in the
agricultural sector during the period 1990-2020. A 10% increase in each of the ratio of cereal area to crop area
and the ratio of summer cereal area to its winter counterpart leads to an increase in the amount of water used in
cereal production by 10.7% and 3.66% for each, respectively. Also, a 10% increase in the estimated amount of
water used in cereal production leads to an increase in the amount of water used in the agricultural sector by 2.8%.
In light of the scarcity of water resources, the goal of rationalizing water consumption requires expanding the
cultivation of the most important winter cereal crops (wheat) and reducing the area of summer cereal crops with
high water requirements, the most important of which is sorghum.

The non-renewable groundwater used for agricultural purposes in the alluvial shelf areas (Riyadh, Eastern
Province, Qassim, Al-Jawf, Hail, Tabuk, Northern Borders) amounted to 9.36 billion m3, representing 79.5% of
the total water used in the agricultural sector, amounting to 11.77 billion m3, while the amount of renewable
groundwater used for agricultural purposes in the Arabian Shield areas (Makkah, Madinah, Asir, Jazan, Al-Baha,
Najran) amounted to 2.41 billion m3, representing 20.5% of the total used in the agricultural sector in 2023
(Ministry of Environment, Water and Agriculture, 2023).

Wheat cultivation is concentrated in the alluvial shelf areas, where the average area planted with wheat in these
areas reached 115.96 thousand hectares, representing 77.8% of the average total area planted with wheat, which
amounted to 148.98 thousand hectares, while the average area planted with wheat in the Arabian Shield areas
reached 33.02 thousand hectares, representing 22.2% of the average total area planted with wheat during the
period 2018-2023 (Ministry of Environment, Water and Agriculture, 2023). It was also noted that wheat
productivity increased in certain areas such as Tabuk (7.89 tons/ha), Hail (7.52 tons/ha), Al-Jawf (7.17 tons/ha),
while wheat productivity decreased in several areas, most notably Madinah (4.54 tons/ha), Jazan (4.09 tons/ha).
It is known that low productivity does not achieve a comparative advantage in production, due to the increased
loss of agricultural resources used and thus increased production costs of wheat in areas with low productivity. In
this field, the study raises the following question: Is it possible to increase wheat production on the one hand and
reduce the amount of water used, especially in sedimentary shelf areas on the other hand?

2- Research objectives

This research aimed to develop an economic plan to increase wheat production and reduce the amount of water
used in water-stressed alluvial shelf areas, by studying the following objectives:

The current status of wheat cultivation in the Kingdom during the period 2018-2023.

The disparity in wheat productivity between agricultural regions.

Determining the priority of productive regions in wheat cultivation.

The proposed economic plan for wheat production using linear programming.

Sensitivity analysis of the change in productivity and the specific resource constraints of the wheat
production map in the Kingdom of Saudi Arabia.

3- Study Methodology

This study relied on secondary data issued by the General Authority for Statistics, the Ministry of Environment,

Water and Agriculture, in order to achieve its objectives, in addition to a survey study and determining the crop

composition of the governorates of the Kingdom of Saudi Arabia according to the environmental systems of each

governorate (Ministry of Environment, Water and Agriculture, 2020). This study also relied on quantitative

economic analysis represented by each of:

a. Dividing the wheat production areas into three categories, by calculating the range (the difference between
the largest and smallest value) and the number of categories using the following law (Thomas and Pawel,

SR A
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2006): 2.5x%/n, where n represents the production areas, which are 13 regions, and the category length was
calculated by dividing the range by the number of categories.

b. Determining the priority of regions in wheat production, using the Scoring Technique according to several
criteria, the most important of which are (Blank, Tarquin, 1989): (1) Water requirements for wheat, (2)
Average productivity per hectare, (3) Water use efficiency in wheat production, (4) The relative importance
of wheat area in different production regions, this criterion reflects the production and environmental
characteristics and the importance of the crop from the farmers' point of view, (5) The relative importance
of the area of agricultural holdings for each region, this criterion reflects the efficiency of the size or capacity
of the production regions. A gradation of regions was used ranging from zero to one hundred, then the scores
obtained by each region were collected and their priorities in wheat production were arranged.

c. (T) The economic orientation of the agricultural resources available for wheat cultivation, using the linear
programming model, and it can be expressed as follows (Bector and Chandra, 2005):

MaxZ = CX

s.t:

AX <b

X =0
Where: Z represents the value of the objective function to be maximized, which is to maximize local wheat
production in light of resource constraints, the most important of which are land and water resources. Also, C
expresses a vector of order (nx1) for the productivity of the land unit (hectare), while X expresses a vector of
order (nx1) for the 13 productive regions. As for A, it expresses the matrix of technical coefficients of order (m
x n). A sensitivity analysis, called post-optimality analysis, was conducted to determine the degree of response
of the optimal solution or the flexibility of the proposed productive regions to meet the expected changes in the
productivity of the land unit (hectare) and resource constraints.

4- Research results

4-1 The current status of wheat cultivation and production in the Kingdom of Saudi Arabia

By studying the current status of wheat cultivation and production in various production regions during the period
2018-2023, it is clear from the data in Table (1) that the average area planted with wheat crops amounted to 148.98
thousand hectares, and the average wheat production amounted to 953.89 thousand tons during the study period.
Wheat cultivation and production are concentrated in the alluvial shelf areas: Al-Jawf (24.99%), Riyadh (18.41%),
Qassim (16.34%), Hail (14.69%), Tabuk (7.91%), Eastern Province (2.33%), Northern Borders (0.02%). From
the above, it is clear that the total relative importance of the production of the sedimentary shelf areas reached
84.69%, while the contribution of the Arabian Shield areas (Makkah, Madinah, Asir, Jazan, Najran, Al-Baha)
does not exceed 15.31%. It is known that the sedimentary shelf areas are characterized by low and variable rainfall
rates, and they depend on non-renewable groundwater. Therefore, the continuation of this situation affects the
strategic water reserve in those areas. In light of the water needs and the area planted with wheat, the average
amount of water used reached 1014.57 million m3, representing 7.9% of the average total water used in the
agricultural sector, which amounted to 12.67 billion m3 during the period 2018-2023 (Figure 2).

Table (1): Average area and wheat production in different regions during the period 2018-2023.

1 1 (o)
Region Area in thousand Production in pr’g\(\jligli?/eity Relative 'mportance_ %
hectares thousand tons Area Production
tons/hectare
Riyadh 25.93 175.62 6.77 17.41 18.41
Makkah 3.68 18.5 5.03 2.47 1.94
Madinah 0.75 3.42 4,54 0.50 0.36
Qassim 24.84 155.82 6.27 16.67 16.34
Eastern 3.7 22.24 6 2.48 2.33
Asir 7.36 36.31 4,94 4.94 3.81
Tabuk 9.57 75.5 7.89 6.42 7.91
Hail 18.64 140.17 7.52 12.51 14.69
Northern Borders 0.03 0.17 5.87 0.02 0.02
Jazan 20.23 82.7 4.09 13.58 8.67
Najran 0.28 1.32 4.79 0.19 0.14
Al-Baha 0.72 3.77 5.26 0.48 0.40
Al-Jawf 33.25 238.35 7.17 22.32 24.99
Total 148.98 953.89 6.4 100.00 100.00

Source: Calculated from: (1) General Authority for Statistics, Agricultural Statistics, period 2018-2023, (2)
Ministry of Environment, Water and Agriculture, Statistical Book, period 2018.
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Figure (2): Average amount of water used in wheat production during the period 2018-2023.

4-2 Variation in wheat productivity between agricultural regions

Productivity is a measure of the efficiency of converting agricultural resources into final output, i.e. the amount
produced by one unit of production elements, and is calculated by dividing wheat production by the cultivated
area. The data in Table (2) shows that wheat productivity ranged between a minimum of 4.09 tons/ha in Jazan
region and a maximum of 7.89 tons/ha in Tabuk region, with an average estimated at about 6.40 tons/ha during
the study period. The index was used to determine the amount of variation in wheat productivity between regions.
The productivity index could be expressed by the following equation:

Productivity index = (productivity of comparison area + productivity of base area) x 100. The wheat productivity
index was calculated, considering that the productivity of the Jazan region is equal to 100, since it is the region
with the lowest wheat productivity.

Itis also clear from the data in Table (2) that the productivity of all regions is higher than its estimated counterpart
for Jazan region, at a rate ranging between a minimum of 11.0% for Madinah region and a maximum of 92.9%
for Tabuk region. In the case of comparing the productivity of the regions with the average productivity at the
Kingdom level, it is clear from calculating the index that the productivity of Tabuk, Hail, Al-Jouf, and Riyadh
regions is higher than its estimated counterpart at the Kingdom level at rates of 23.3%, 17.5%, 12.0%, and 5.8%,
respectively. As for the productivity of the rest of the regions, it decreased from its estimated counterpart at the
Kingdom level at rates ranging between a minimum of 2.0% for Qassim region and a maximum of 36.1% for
Jazan region. The disparity in wheat productivity between regions is attributed to the disparity in the degree of
fertility of agricultural lands and the quality of water used in irrigation, in addition to the disparity in temperature,
humidity, rainfall rates, and the experience of wheat farmers.

Table (2): The amount of variation in average wheat productivity for different regions during the period 2018-2023.

The record number The standard number Rate of
Region conside_ripg that the | Rate of char]g_e in considering tha_lt _the change_ i_n
productivity of Jazan % productivity | average productivity of | productivity
region = 100 the Kingdom = 100 %
Riyadh 165.5 65.5 105.8 5.8
Makkah 123.0 23.0 78.6 -21.4
Madinah 111.0 11.0 70.9 -29.1
Qassim 153.3 53.3 98.0 -2.0
Eastern Region 146.7 46.7 93.8 -6.3
Asir 120.8 20.8 77.2 -22.8
Tabuk 192.9 92.9 123.3 23.3
Hail 183.9 83.9 1175 175
Northern Borders 143.5 43.5 91.7 -8.3
Jazan 100.0 - 63.9 -36.1
Najran 117.1 17.1 74.8 -25.2
Al-Baha 128.6 28.6 82.2 -17.8
Al-Jawf 175.3 75.3 112.0 12.0
Total 156.5 56.5 100.0 -

Source: Data in Table ().
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By distributing wheat production areas across different production categories, it is clear from the data in Table
(3) that the regions of Madinah and Jazan fall into the low production category (less than 4.6 tons/hectare), where
the percentage of cultivated area and production for low production category areas reached 14.08% and 9.03%
for each, respectively. Riyadh, Makkah, Qassim, Eastern Province, Asir, Northern Borders, Najran and Al-Baha
regions fall into the medium production category (4.6 to less than 7.0 tons/hectare), where the percentage of
cultivated area and production for medium production category areas reached 44.66% and 43.38% for each,
respectively. As for the high production category (7.0 tons/hectare and more), it includes Tabuk, Hail and Al-Jawf
regions, where the percentage of cultivated area and production for high production category areas reached
41.25% and 47.60% for each, respectively.

Table (3): Relative distribution of wheat production areas among the different production categories.

Areain Production
Production category Region thousand % in thousand %
hectares tons
Less than 4.6 tons Madinah, Jazan 20.98 14.08 86.12 9.03
Riyadh, Makkah, Qassim, Eastern
4.6 to less than 7.0 tons | Province, Asir, Northern Borders, 66.54 44.66 413.75 43.38
Najran, Al Bahah
7.0 tons and above Tabuk, Hail, Al Jawf 61.46 41.25 454.02 47.60
Total 148.98 100 953.89 100

Source: Data in Table (1).

4-3 Determining the priority of productive areas in wheat cultivation

The priority of areas in wheat cultivation was determined through the criteria mentioned in Tables (4, 5), which
show the following: (1) Hectare productivity, which ranged between a minimum of 4.09 tons/hectare in Jazan
region and a maximum of 7.89 tons/hectare in Tabuk region, (2) Water requirements, which ranged between a
minimum of 6.08 thousand m3/hectare in Tabuk region and a maximum of 8.35 thousand m3/hectare in Makkah
region, (3) Water use efficiency expressed by the average water unit productivity, which ranged between a
minimum of 0.55 tons/thousand m3 in Jazan region and a maximum of 1.30 tons/thousand m3 in Tabuk region,
(4) The percentage of the area planted with wheat crop, which ranged between a minimum of 0.02% in the
Northern Borders region and a maximum of 22.32% in Al-Jawf region, (5) The percentage of the area Agricultural
holdings, ranging from a minimum of 0.27% in the Northern Borders region to a maximum of 24.61% in the
Riyadh region.

It is clear from the data in Table (6) that the priority of productive regions in wheat cultivation places Al-Jouf
region in first place, followed by Al-Qassim and Tabuk regions, then Hail region in third place. As for Riyadh
region, it came in fourth place, followed by the Eastern Region, Asir, Al-Baha, Jazan, Makkah Al-Mukarramah,
Northern Borders, then Madinah and Najran regions, respectively.

Table (4): Average productivity, water requirements, water use efficiency, and relative importance of wheat
area and agricultural holdings during the period 2018-2023.

Water Water use
Region Productivity | requirements efficiency Wheat area Agric_ultural
tons/hectare thousand tons/thousand % % holdings area
m3/hectare m3

Riyadh 6.77 7.16 0.95 17.41 24.61
Makkah 5.03 8.35 0.60 247 5.20
Madinah 4.54 7.70 0.59 0.50 3.11
Qassim 6.27 6.07 1.03 16.67 17.61
Eastern 6 6.29 0.95 2.48 18.94
Asir 4.94 6.94 0.71 4.94 0.89
Tabuk 7.89 6.08 1.30 6.42 3.65
Hail 7.52 6.54 1.15 12.51 9.99
Northern Borders 5.87 7.81 0.75 0.02 0.27
Jazan 4.09 7.42 0.55 13.58 3.12
Najran 4.79 7.44 0.64 0.19 0.35
Al-Baha 5.26 7.42 0.71 0.48 0.55
Al-Jawf 7.17 6.90 1.04 22.32 11.71

Source: Compiled and calculated from: (1) General Authority for Statistics, Agricultural Statistics, period 2018-
2023, (2) Ministry of Environment, Water and Agriculture, Statistical Book, period 2018-2023, (3) Ministry of
Environment, Water and Agriculture, Survey Study and Determination of Crop Structure of the Governorates of
the Kingdom of Saudi Arabia According to the Environmental Systems of Each Governorate, 2020.
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Table (5): Ranking of production areas according to the criteria used during the period 2018-2023.

Ranking
Region Productivity Water Wa.“?r use Agricu_ltural
requirements efficiency Wheat area holdings
area

Riyadh 4 7 5 2 1
Makkah 9 13 9 9 6
Madinah 12 11 10 10 9
Qassim 5 1 4 3 3
Eastern 6 3 5 8 2
Asir 10 6 7 7 10
Tabuk 1 2 1 6 7
Hail 2 4 2 5 5
Northern Borders 7 12 6 13 13
Jazan 13 9 11 4 8
Najran 11 10 8 12 12
Al-Baha 8 8 7 11 11
Al-Jawf 3 5 3 1 4

Source: Data in Table (4).

Table (6): Results of the criteria for determining the priority of productive areas in wheat cultivation.

Productivity Water | Wheat | Percentage .
. . Water . Total ranking
Region per unit of : use area | of holding . -
requirements L : Points regions
land efficiency | ratio area
Riyadh 70 50 60 90 100 370 4
Makkah 30 0 20 30 50 130 9
Madinah 10 20 10 20 30 90 11
Qassim 60 100 70 80 80 390 2
Eastern 50 90 60 30 90 320 5
Asir 30 60 40 40 20 190 6
Tabuk 100 100 100 50 40 390 2
Hail 90 80 90 60 60 380 3
Northern 50 10 50 0 0 110 10
Borders
Jazan 0 40 0 70 30 140 8
Najran 20 30 30 10 0 90 11
Al-Baha 40 40 40 20 10 150 7
Al-Jawf 80 70 80 100 70 400 1

Source: Collected and calculated from the data in Table (5).

4-4 The proposed economic plan for wheat cultivation and production in the Kingdom of Saudi Arabia
The economic guidance of land and water resources was carried out using a linear programming model consisting
of an objective function that maximizes wheat production under the following resource constraints:
Land resources can be expressed in six restrictions, the first of which relates to the stability of the area planted
with wheat at the level of the Kingdom, while the restrictions from the second to the fourth relate to the
possibility of increasing the area planted with wheat in areas with high productivity (Tabuk, Hail, Al-Jawf),
while the fifth restriction relates to the possibility of increasing the area planted with wheat in areas with
priority in wheat cultivation according to the point estimation method (Al-Jawf, Tabuk, Qassim, Hail,
Riyadh, Eastern Province), while the sixth restriction relates to the possibility of limiting wheat cultivation
in areas with low productivity (Madinah, Jazan).
Water resources can be expressed with only two constraints. The first is related to the possibility of reducing
the amount of water used to produce wheat in the alluvial shelf areas (Riyadh, Qassim, Eastern Province,
Tabuk, Hail, Northern Borders, Al-Jawf), while the second is related to the possibility of increasing the
amount of water used to produce wheat in the Arabian Shield areas (Makkah, Madinah, Asir, Jazan, Najran,

1-

Al-Baha).
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The linear programming model used in the following equations was formulated:

Max: 6.77X, + 5.03X, + 4.54X; + 6.27X, + 6.0Xs + 494X, + 7.89X, + 7.52Xg + 5.87Xy + 4.09X,, +
4.79X,, + 5.26X,, + 7.17X,3

S.t.

O D I o, I o = 148.98
X, > 9.57
Xg > 18.64
X13 > 33.25
X, + X, +Xs + X, + Xg + X5 > 115.93
X3 + Xy < 20.98
7.16X, + 6.07X, + 6.29X: + 6.08X, + 6.54X; + 7.81X, + 6.90X,, < 769.46
8.35X, + 7.70X; + 6.94X, + 7.42Xo + 744X, + 7.42X,, > 245.11
ooy A - > 0

The linear programming results in Tables (7, 8) show that the proposed area for wheat cultivation is 148.98
thousand hectares, of which 67.74 thousand hectares are allocated to Tabuk region, 33.25 thousand hectares to
Al-Jouf region. An area of 29.35 and 18.64 thousand hectares is allocated to Makkah and Hail regions respectively.
The proposed economic guidance requires the use of a quantity of water in the sedimentary shelf areas amounting
to 763.19 million m3, representing 99.2% of the available water amounting to 769.46 million m3, and thus a
surplus of water resources remains in the sedimentary shelf areas amounting to 6.27 million m3, representing
0.81% of the available water amount in the sedimentary shelf areas. In the Arabian Shield areas, the amount of
water used is 245.07 million m3, which is almost equal to the amount of water available in the Arabian Shield
areas. The total wheat production according to the proposed economic guidance is 1060.66 thousand tons, and
thus the total production under the proposed economic guidance is 106.77 thousand tons higher than its counterpart
in the current situation, i.e. an increase of 11.2%. In light of the proposed economic guidance, the average
productivity per hectare is estimated at about 7.12 tons, while it reached 6.40 tons/hectare under the current
situation, and thus the average productivity per hectare of wheat crop in the proposed economic guidance is 0.72
tons/hectare higher than its counterpart in the current situation. In light of the average local wheat consumption
of 3772 thousand tons, implementing the proposed plan will lead to an increase in the self-sufficiency rate for
wheat from 25.29% to 28.12%, due to the increase in production in the proposed plan by 106.77 thousand tons.

Table (7): Cultivated area, production, and sensitivity analysis of productivity change in the proposed guidance.

Cultivated area in Local production in Raﬂge of produgtlvllcty
: Productivity | thousand hectares thousand tons change per unit o
REI in tons land
Current | Suggested | Current | Suggested | Minimum | Maximum
Riyadh 6.77 25.93 - 175.62 - - 7.89
Makkah 5.03 3.68 29.35 18.5 147.63 4.93 7.89
Madinah 4.54 0.75 - 3.42 - - 5.25
Qassim 6.27 24.84 - 155.82 - - 7.89
Eastern 6 3.7 - 22.24 - - 7.89
Asir 4.94 7.36 - 36.31 - - 5.51
Tabuk 7.89 9.57 67.74 75.5 534.47 7.52 -
Hail 7.52 18.64 18.64 140.17 140.17 - 7.89
Northern 5.87 0.03 : 0.17 : i 7.89
Borders
Jazan 4.09 20.23 - 82.7 - - 5.35
Najran 4.79 0.28 - 1.32 - - 5.34
Al-Baha 5.26 0.72 - 3.77 - - 5.35
Al-Jawf 7.17 33.25 33.25 238.35 238.40 - 7.89
Total - 148.98 148.98 953.89 1060.66 - -

Source: Linear programming results using Linear Interactive and Discrete Optimizer (Lindo).

By conducting a sensitivity analysis of the linear programming model to determine the sensitivity of the solution
to changes in both productivity and resource determinants, and to what extent these changes can be addressed
without the need to change the proposed economic guidance pattern or the optimal solution of the linear
programming model. With regard to the changes that may occur in the productivity of the land unit (hectare),
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it is clear from the data in Table (7) that the productivity of the land unit (hectare) can be reduced in the regions
of Tabuk and Makkah Al-Mukarramah, while the productivity of the rest of the regions can be increased to
maximum limits without changing the proposed guidance pattern.

As for the changes that may occur in the resource determinants, it is clear from the data in Table (8) that the
total area planted with wheat can be changed within minimum and maximum limits, while the rest of the
determinants related to the wheat area in each of the Tabuk, Hail, and Al-Jawf regions can be increased within
maximum limits only. Finally, with regard to the water resources determinant in the sedimentary shelf areas, it
was found that the quantities used can be reduced within minimum limits only, while in the Arabian Shield areas,
it was found that the quantities used of water can be changed within minimum and maximum limits without the
need to change the proposed guidance pattern.

Table (8): The amount available and used and the sensitivity analysis to changes in resource determinants in the
proposed directive.

Range of resource change
Resource determinants Available user Surplgs_and _g_ : g
deficit Minimum Maximum
Total area in thousand hectares 148.98 148.98 0 145.28 150.02
Area planted with wheat in high productivity areas:
Tabuk 9.57 67.74 58.17- - 67.74
Hail 18.64 18.64 0 0 32.33
Al-Jawf 33.25 33.25 0 0 40.93
Priority areas for wheat 115.93 119.63 3.7- i 119.63
cultivation
Area of low productivity areas 20.98 0 20.98 0 -
Water resources of the
sedimentary shelf in million m3 769.46 763.19 6.27 763.16 )
Water resources of the Arabian 245.11 245.07 0 236.46 275.97
Shield in million m3

Source: Linear programming results using Linear Interactive and Discrete Optimizer (Lindo).

5- Conclusion:

Wheat is concentrated in the water-stressed alluvial shelf areas (Riyadh, Eastern Province, Qassim, Al-Jawf, Hail
and Tabuk), and there is a disparity in productivity between agricultural regions, ranging from a minimum of 4.09
tons/ha for Jazan region to a maximum of 7.89 tons/ha for Tabuk region during the period 2018-2023. The regions
with low productivity (Madinah, Jazan) are unable to achieve a comparative advantage, in addition to the waste
of agricultural resources used in wheat production. By determining the priority of regions using the point
estimation method and the proposed economic plan using linear programming, it was found that in light of the
stability of the total area planted with wheat crops at 148.98 thousand hectares, production can be increased by
11.2% and the amount of water used in the water-stressed alluvial shelf areas can be reduced by 6.27 million m3.
The proposed economic guidance also entails replacing the increase in production with imports. In light of the
average local consumption of wheat of 3,772 thousand tons, implementing the proposed economic guidance will
lead to an increase in the self-sufficiency rate from 25.3% to 28.1%. In light of the results of this study, it is
recommended that the Ministry of Environment, Water and Agriculture reconsider its wheat production policy,
so that its cultivation is focused on areas with high productivity (Tabuk, Al-Jouf, Hail) and not in areas with low
productivity (Madinah, Jazan).
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