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Abstract 

This research aimed to identify the economic dimension of the loss of wheat 
and how it relates to loss in agricultural resources and food security in Saudi Arabia 
during 1990–2014. This study attempted to achieve its objectives using economic 
equations and economic analysis standards. Results of this study showed the 
following: (a) increased losses of wheat at an average annual growth rate of 1.24% 
until the losses reached 88.02 thousand tons in 2014; (b) an increase in the loss ratio 
to local wheat production at an average annual growth rate of 6.03%; (c) a decrease 
in the loss ratio to domestic consumption of wheat at an average annual decrease of 
0.98%; (d) a social loss of 139.98 million riyals in 2014 as a result of the loss of land 
resources, agricultural water, labour, and chemical fertilizers; and (e) an increase in 
the periods adequacy of production and to cover imports for domestic consumption 
by 10% lead to increased food security for wheat at 13.9% and 3.3% each, 
respectively, while an increase in the size of losses for wheat by 10% leads to a 
decrease in food security for wheat by 75.6%.  
Keywords: Agricultural resources, Food security,  Losses, Nutrition food, Saudi 
Arabia, Wheat. 
1. Introduction 

Arab countries paid attention to standard specifications which trade in goods and 
agricultural products motion controller, in addition to interest in the establishment 
and development of government agencies to emphasize the quality of various 
commodities in order to reduce waste and enhance the competitive forces of Arab 
agricultural products over imported counterparts and to create markets for Arab 
agricultural products, especially in light of economic changes and developments the 
world has witnessed after the liberalization of international trade (Al-Najjar, 2002). 
Most of the marketing operations of goods and traditional methods can result in 
increased losses, and any loss as a result of increased social loss in agricultural 
resources contributes to the production of the equivalent of the missing quantities of 
food commodities. Because of the spread of the phenomenon of extravagance and 
wasteful loss of consumer food in Saudi Arabia has increased until it reached 250 kg / 
capita per year (Ministry of Agriculture, 2015), indicating the presence of large 
amounts of food not being used, especially in urban areas where the proportion of 
consumer waste is about 34%, which affects the level of food security for the most 
important strategic goods. 
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2. Research objectives 
This research aimed to identify the economic dimension of the loss of wheat and 

how that loss relates to agricultural resources and food security in Saudi Arabia from 
1990 to 2014, through the study of the following objectives: 

 The evolution of the volume of the loss attributed to the production and 
domestic consumption of wheat. 

 An estimation of the social loss resulting from the loss of agricultural resources 
used in the production of an equivalent amount of losses of wheat. 

 An estimation of the impact of losses of wheat on the level of food security for 
wheat during the study period. 

3. Study methodology 
This research adopted standard economic analysis techniques, specifically the use 

of the following equations and models: 
 Economic equations to estimate the loss in agricultural resources (land, labour, 

water, and chemical fertilizers) used in the production of an equivalent loss of 
wheat. These equations (Kamra, 2008) measure (a) the amount of loss in the 
earth's resources = (the amount of waste ÷ average productivity per hectare) 
and (b) the amount of loss in water resources and chemical fertilizers = [(losses 
amount × resources need) ÷ average hectare productivity]. 

 A proposed model to study the impact of the loss of wheat on the level of food 
security from 1990 to 2014. The proposed model consists of four behavioural 
equations: 

 
 

 
 

The proposed model includes endogenous and exogenous variables. 
Endogenous variables are four variables represented in both the adequacy of 
production for the local consumption day period ( ), cover imports for the local 
consumption day period ( ), the amount of losses of wheat per thousand tons ( ), 
and the coefficient of food security expressed in the deficit to the annual domestic 
consumption by the amount of surplus ( ). 

Exogenous variables are three variables represented in the domestic production 
in thousand tons ( ), domestic consumption in thousand tons ( ), and the amount 
of Saudi imports of wheat per thousand tons ( ), in addition to random errors 

. 
We used discrimination behavioural equations contained in the structural form 

of the proposed model by applying the requirement rank order condition and rank 
condition. The total number of internal and external variables of the proposed model 
(k) minus the number of internal and external variables given by the subject of the 
definition (L) is greater than the number of internal variables (M) minus one, that is, 
(K-L)> (M-1). The equations behavioural check condition order and rank condition 
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which redundant equations over-identified, with the exception of the fourth equation, 
are exactly the characteristic equation, which means it is possible to use the method 
of two-stage least squares (2SLS) in the estimation of the proposed model. The least 
squares method can be applied with phases according to the following steps 
(Makridakis, Wheelwright, & McGee, 2003): (a) conducting regression model for 
endogenous variables on each of the specific variables in advance in the reduced form 
and (b) estimating the relationship between the dependent variable in each equation 
and the estimated values of the explanatory variables of the interior, as well as other 
external variables that contain them and the structural form equations. 
4. Previous studies 

Some studies have addressed the economic losses and food. Kamra (2008) 
studied the impact of post-harvest technology to the losses of the most important fruit 
and vegetables on the market and how that relates to social loss or loss in agricultural 
economic resources in Alexandria. It emerged from this study that the value of social 
loss as a result of the loss of land resources, agricultural labour, water resources, and 
chemical fertilizers amounted to about a million pounds, and thus became the 
marketing policy of the most important fruit and vegetables to reduce the natural risk 
(market loss).  

Bdour (2010) estimated the post-harvest losses for some vegetable crops in 
Jordan. The study found that the proportion of losses at the farm level and wholesaler 
and retailer of cucumbers, peppers, beans, and tomatoes amounted to about 25%, 
23.9%, 23%, and 22%, respectively. The higher loss was attributed to lack of interest 
in Jordanian farm technology, and post-harvest operations for cooling, washing, 
sorting, and grading. 

The Arab Organization for Agricultural Development report (2012) on the 
Arab food security situation found that post-harvest losses to the Arab production rate 
ranged from a minimum of 9.8% for legumes and a maximum of 17.5% for 
vegetables. This study recommended reducing food waste by raising awareness 
among producers and consumers; developing storage infrastructure, transport, and 
refrigeration; developing marketing services and systems market information; and 
raising food manufacturing efficiency.  

Finally, the Food and Agriculture Organization report (2013) explained that the 
amount of food wasted every year amounts to 1.3 billion tons, with a direct economic 
cost of 750 billion dollar. There is no doubt that food waste not only leads to huge 
economic losses, but also to serious damage to the natural and human resources that 
depends on this food. In addition, food that is produced but not consumed every year 
swallows a quantity of water comparable to the annual flow of the River Volga in 
Russia, It also adds about 3.3 billion tons of greenhouse gasses to the atmosphere of 
the planet. 

It is clear that some of the previous studies dealt with the loss and how it 
relates to the marketing of loss in agricultural resources, while other research studied 
food waste and its impact on natural resources and the environment. These studies, 
however, neglected the impact of commodity losses on the level of food security, 
which is what this study sought to do.  
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5. Research results 
5.1 The evolution of losses attributed to the production and domestic consumption 

of wheat 
Studying the evolution of losses attributed to the production and domestic 

consumption of wheat during the period 1990–2014, it is clear from the data in Table 
(1) losses of wheat ranged from a minimum of 26.00 thousand tons in 1996 and 
reached a high of 88.02 thousand tons in 2014, with an annual average loss of about 
53.09 thousand tons. The loss of wheat increased annually at a rate of 1.24% during 
the study period. The loss rate for local production of wheat ranged from a minimum 
of 1.68% during the period 2000–2002 and amounted to a high of 15.24% in 2014, 
with an annual average rate of 3.48% during the study period. The loss ratio to the 
local production of wheat increased at an average annual rate of 6.03% annually 
during the study period. Losses to domestic consumption of wheat ranged from a 
minimum of 1.47% in 1998 to a high of 3.39% in 1993–1994, with an annual average 
of 2.25% during the study period. The loss ratio to the domestic consumption of 
wheat fell to 0.98% annually during the study period. 

Table (1): Statistical analysis of the evolution of the losses attributed to the 
production and domestic consumption of wheat during the period 1990–2014. 

Statement 
Losses in 
thousands 

of tons 

Proportion of 
losses to local 
production 

Proportion of losses to domestic 
consumption 

Average 53.09 3.48 2.25 
Lower limit 26.0 1.68 1.47 
Upper limit 88.02 15.24 3.39 
Standard deviation 16.69 3.50 0.55 
The coefficient of 
variation% 31.44 100.57 24.44 

Statement Growth 
rate% F  Model 

Losses—size 1.24 31.75 0.74  
 

Losses—percent to 
production 6.03 44.89 0.80  

 
Losses—percent to 
consumption -0.98 14.85 0.57  

 
** Significant at the level of 1% probability. 
Source: Collected and calculated from Ministry of Agriculture, Studies and Statistics 

Department. Annual Agricultural Statistical Yearbook, various issues, the period 1990- 
2014 and the Food and Agriculture Organization (FAO), the period 1990 to 2011. 

 

5.2 Losses in agricultural resources used in the production of the equivalent of 
the loss of wheat 

Data in Table (2) show that the amount of loss in agricultural resources in the 
light of the resources needed and the amount of losses of wheat was calculated to be a 
loss in the earth's resources of 13.69 thousand hectares. With an average rental value 
for a wheat season of 2.5 thousand riyals production per hectare, the loss in the value 
of the land resources amounted to 34.22 million riyals. The loss in water resources 
reached a total of 109.51 million m3. With the average cost per unit of water used for 
agricultural purposes amounting to 0.622 riyals per m3, the water loss was calculated 
to be 68.12 million riyals.  
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In agricultural employment, the loss amounted to about 342.22 thousand per 
man per day. With a worker’s average wage of 75 riyals per day, the loss in the value 
of agricultural employment was 25.67 million riyals. Finally, the amount of chemical 
fertilizers involved in the loss was about 4.79 million tons and the average retail price 
of chemical fertilizers was 2.5 riyal per kilogram, making the loss in value of 
chemical fertilizers 11.98 million riyals. 

Based on these data points, it is clear that the value of social losses resulting in 
the loss of agricultural land resources, labour, water, and chemical fertilizers 
amounted to 139.98 million riyals in 2014. 

Table (2): Resource needs, size of losses for wheat, and equivalent loss of 
agricultural resources in 2014. 

Statement Quantity Resources prices Value in million 
riyals 

Losses—quantity 88.02 thousand ton  s  
Resources needs per hectare: 

Labour man/day 25 
Water(million m3) 8.0 
Chemical 
fertilizers(kg/hectare) 350 
Hectare( productivity) 6.43 

Amount of loss in agricultural resources 
Land(thousands hectare) 13.69 2,500 riyals/hectare 34.22 
Labour man/day 342.22  75 riyals/day 25.67 
Water(million m3) 109.51 0.622 riyals /m3 68.12 
Chemical fertilizers 
(thousands ton) 4.79 2.525  riyals/kg 11.98 

Total - - 139.98 
Source: Collected and calculated from data in Table (1) and from Qunaibet and Ghanem, 2015. 
 

5.3 The impact of losses on food security level for wheat 
The impact of losses on food security for wheat was measured by estimating 

the reduced form equations and proposed structural model of a two-stage least 
squares (2SLS) method. Tables (3) and (4) show that increasing the domestic 
production of wheat ( ) by 10% led to an increase in the production adequacy for 
local consumption period by 9.4%. The data also show that an increase in the 
domestic consumption of wheat ( ) by 10% led to diminishing production adequacy 
period and imports coverage for local consumption by 9.7% and 9.6%, respectively. 

Further, an increase in the amount of Saudi imports of wheat ( ) of 10% led to 
an increase in the coverage of imports for local consumption by 9.9%. An increase in 
the domestic consumption of wheat ( ) in light of the spread of the phenomenon of 
extravagance and social customs erroneously led to increased losses of wheat by 2%; 
an increase in the production adequacy period to cover imports for local consumption 
by 10% led to increased food security for wheat by 13.9% and 3.3%, respectively; 
and an increase in the size of losses for wheat by 10% led to a decrease in food 
security for wheat by 75.6%. 

Statistical tests show that the equations in the proposed model in Table (4) are 
free from any autocorrelation of residuals problems, where the F value to Breusch-
Godfrey serial correlation LM test ranged from a minimum of 0.08 and a maximum 
of 0.67, which are not statistically significant at the 1% probability level. 
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Table (3): The reduced form equations of the model proposed during the period 
1990–2014. 

Level of food 
security 

 
Wheat losses 

 

Period of 
imports coverage 
to consumption 

 

Production adequacy 
period for 

consumption 
 

Statement 

22.31 
 

-2.69 
 

5.32 
 

5.89 
 

a 
 

0.73 
 

0.70 
 

0.004 
 

0.93 
  

-2.58 
 

0.20 
 

-0.96 
 

-0.99 
 

 
 

0.26 
 

-0.0008 
 

0.99 
 

-0.00002 
  

- 1.16 
 

- - Ar(1) 
0.72 0.82 0.95 0.98  

11.97 21.33 13906.95 2.42E+08 F 
 

1.52 2.12 2.13 2.68 D.W. 
 

0.72 0.05 0.26 1.96 LM test 
** Significant at the level of 1% probability. Not significant  
Source: collected and calculated from the Ministry of Agriculture, Studies and Statistics 

Department. Annual Agricultural Statistical Yearbook, various issues, 1990–2014, and 
the Food and Agriculture Organization (FAO), 1990–2011. 

 

Table (4): The structural equations of the proposed format of the model during 
the period 1990–2014. 

Level of 
food 

security 
 

Wheat losses 
 

Period of imports 
coverage to 

consumption 
 

Production adequacy 
period for 

consumption 
 

Statement 

71.92 
 

7.88 
 

5.46 
 

5.81 
 

a 
 

- - -0.96 
 

0.94 
  

- 0.20 
 

- -0.97 
 

 
 

- - 0.99 
 

-  

- 0.81 
 

- - Ar(1) 
1.39 

 
- - -  

0.33 
 

- - -  
-7.56 

 
- - -  

0.70 0.67 0.91 0.95  
9.92 20.93 21941.24 3.24E+08 F 
1.24 1.83 2.13 2.31 D.W. 
0.08 0.28 0.22 0.67 LM test 

** Significant at the level of 1% probability: 
Source: Collected and calculated from reduced equations form of growth—Ministry of 

Agriculture, Studies and Statistics Department, Annual Agriculture Statistical Yearbook, 
various issues, 1990–2014, and the Food and Agriculture Organization (FAO), 1990–2011. 
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Table (5) shows that the behavioural equations in the proposed model present 
good efficiency in the data used to estimate the representation, according to indicators 
including the Theil inequality coefficient (U-Theil), which approached a zero value.  

These data indicate that food losses of wheat lead to a social loss from the loss 
in agricultural resources and a reduction in food security, in addition to pollution of 
the environment. We therefore recommend reducing food losses by: (a) expanding 
the use of technology after the harvest, (b) not requiring the non-use of agricultural 
resources in the production of food, (c) reusing food in the context of human 
consumption chains by targeting secondary markets or donating additional food to 
charities, social groups, and the poor, (d) converting food waste to feed for cattle if it 
is not suitable for human consumption, and (e) recycling food waste to produce 
compost. 
Table (5): The efficiency of the reduced form equations and structural model of 

the proposed indicators during the period from 1990 to 2014 
Reduced equations form Indicator First Second Third Fourth 

R.M.S.E. 0.0001 0.06 3.25 0.71 
M.A.E. 0.00008 0.03 2.38 0.58 

M.A.P.E. 0.001 3.22 21.71 23.29 
(U) Theil 0.0001 0.009 0.13 0.15 
Indicator Structural shape equations 
R.M.S.E. 0.0001 0.06 0.31 0.72 
M.A.E. 0.0001 0.03 0.24 0.59 

M.A.P.E. 0.002 3.21 2.30 7.46 
(U) Theil 0.00001 0.009 0.01 0.15 

Source: Collected and calculated from reduced and structural form equations model 
contained in Tables (3) and (4). 
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  أثر الفاقد للقمح على الموارد الزراعية والأمن الغذائي للمملكة العربية السعودية
  خالد بن نهار الرويس وعادل محمد خليفة غانم وشرف الدين بكري ونجيب الدودحي

 ١١٤٥١، الرياض ٢٤٦٠ص ب  الملك سعود، كرسي الملك عبد االله بن عبد العزيز للأمن الغذائي، جامعة 

  : ملخصال
استهدف هذا البحث التعرف على البعد الإقتصادي للفاقد ومدى ارتباطه بالفقد في الموارد الزراعية 

واعتمدت هذه الدراسة في . ٢٠١٤ -١٩٩٠والأمن الغذائي للقمح في المملكة العربية السعودية خلال الفترة 
وأسفرت هذه الدراسة عن . معادلات الإقتصادية والتحليل الاقتصادي القياسيتحقيق أهدافها على بعض ال

 ألف طن ٨٨,٠٢حتى بلغ % ١,٢٤إزداد الفاقد للقمح بمعدل نمو سنوي بلغ ) ١: (مجموعة من النتائج أهمها
، في حين %٦,٠٣، كما إزدادت نسبة الفاقد إلى الإنتاج المحلي للقمح بمعدل نمو سنوي بلغ ٢٠١٤عام 

) ٢(خلال فترة الدراسة، % ٠,٩٨اجعت نسبة الفاقد إلى الإستهلاك المحلي للقمح بمعدل تناقص سنوي بلغ تر
بلغت جملة قيمة الخسارة الاجتماعية نتيجة الفقد في الموارد الأرضية والعمالة الزراعية والمياه والأسمدة 

 الوارداتية الإنتاج وتغطية  كفافترتيزيادة ) ٣(، ٢٠١٤ مليون ريال عام ١٣٩,٩٨الكيماوية بلغت 
لكل % ٣,٣، %١٣,٩ بنسبة الغذائي للقمح من الأمستوى زيادة إلى ؤديت% ١٠ بنسبةللإستهلاك المحلي 

تؤدي إلى تناقص مستوى الأمن % ١٠منهما على التوالي، في حين تبين زيادة حجم الفاقد للقمح بنسبة 
 على البيئة للمحافظةاسة بضرورة الحد من الفاقد الغذائي  هذه الدرتوصي) ٤ (،%٧٥,٦الغذائي للقمح بنسبة 

 في التوسع) أ: ( يليماوالموارد الزراعية ومستوى الأمن الغذائي للسلع الإستراتيجية وذلك من خلال 
 إعادة) ج (، إستخدام الموارد الزراعية في إنتاج غذاء غير مطلوبعدم) ب( ما بعد الحصاد، التقنية إستخدام

 للجمعيات أسواق ثانوية أو التبرع بالغذاء الإضافي كاستهداف في إطار سلاسل الاستهلاك البشريالاستخدام 
تحويل الفاقد الغذائي إلى أعلاف للماشية في حالة عدم ) د (الفقيرة،الخيرية أو المجموعات الاجتماعية 

 .لكومبوستا الفاقد الغذائي لإنتاج مخلفات تدوير إعادة )و (،ملائمته للاستهلاك الآدمي
  .الفاقد الغذائي، الموارد الزراعية، الأمن الغذائي، القمح، المملكة العربية السعودية:  دالةكلمات


