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Research Background 

The Dutch agro-food representation in the Gulf Cooperation 
Council (GCC) countries is facilitating the Dutch private, public, 
and knowledge sectors in the region. Its aim is to contribute to 
durable development of the agricultural sector in the Gulf through 
Dutch innovations, concepts, and technologies. Hans van der Beek is 
heading this Dutch representation at present. Ameen Kim, who lived 
part of her life in Saudi Arabia, has been working with van der Beek at 
the Embassy in Riyadh as part of her graduate studies. The approach 
presented in this article is based on van der Beek’s wide experience in 
agro-food in the Arab world. In addition, Kim conducted a series of 
interviews in 2016 in KSA to gather information for this paper. 
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Abstract

Prior to the emergence of the oil industry and the subsequent rapid 
agricultural expansion of the 1970s, there has been little to no concern 
about water for agriculture in Saudi Arabia since prehistoric times. 
However, a rapid expansion—a so-called “agricultural revolution”—
introduced rampant use of highly water-consuming irrigation 
systems, mainly by center pivots, without any limitation. This has 
greatly compromised the future of nonrenewable water availability 
for agriculture. Current measures to alleviate the dilemma of water 
scarcity and sustainable agricultural development for the country 
have been challenging not only due to technical difficulties, but also 
because of overarching ideological and political factors. Based on the 
concluding findings in this article, a holistic approach combining 
both technical and sociopolitical recommendations is proposed, and 
is presented for alleviating the predicament.  
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Saudi Arabia: One of the World’s Most Water-Scarce Nations

The Kingdom of Saudi Arabia takes up the bulk of the Arabian peninsula, 
where water scarcity in the Arabian desert is worse than in any other arid area 
in the world. The country’s arid climate, geographical features, and irrigation 
intensity has meant that it is—with Yemen—the only land in the world where 
all its inhabitants experience year-round water scarcity.1 Worldwide, water 
consumption for agriculture is a major concern contributing to the increase 
in water scarcity.2 Despite the fact that a mere one percent of Saudi Arabia’s 
land is considered to be arable,3 the country has become one of the largest 
agricultural producers in the region. Historically, water scarcity has proven to 
be an inescapable reality for the agricultural sector, and serious concerns were 
raised in the early 2000s.4 Saudi agriculture uses an estimated ninety percent 
of all freshwater withdrawal, mostly extracted from the groundwater of fossil 
water aquifers with low or no replenishment rates. Renewable sources of 
water, such as surface water, have been used for agriculture in restricted areas 
like the Asir region in the southwest, and in the very north of the country 
near the Jordanian border. These, however, have limited capacities. As a 
result, increasing water demand has rapidly depleted fossil water aquifers at 
an estimated 1 to 2 meters in depth annually, according to the majority of 
farmers encountered by the authors at various locations in the kingdom. This 
depletion has produced a critical situation that calls for immediate action of 
a holistic nature. 

This article describes the situation pre-1970s, followed by the so-
called “agricultural revolution” that began in the 1970s, and then the 
current period of increasing awareness of the effect of agriculture on 
water scarcity in Saudi Arabia. In conclusion, we recommend a multi-
dimensional approach for a transition to a sustainable agricultural sector 
with a certain degree of self-sufficiency. 

1  Mesfin M. Mekonnen and Arjen Y. Hoekstra, “Four Billion People Facing Severe Water Scarcity,” 
Science Advances 2, no. 2 (2016): 6. Water scarcity is defined as an excess of water demand over 
available supply. See Jean-Marc Faurès, Jippe Hoogeveen, and Jim Winpenny, “Coping with Water 
Scarcity: An Action Framework for Agriculture and Food Security,” Water Reports 38, Food and 
Agricultural Organization, Rome, 2012.
2  Laura Scherer and Stephan Pfister, “Dealing with Uncertainty in Water Scarcity Footprints,” 
Environmental Research Letters 11, no. 5 (2016): 1–9.
3  Food and Agriculture Organization of the United Nations, Aquastat, “Saudi Arabia,” 2008, www.
fao.org/nr/water/aquastat/countries_regions/sau/index.stm.  
4  Eddy De Pauw, “An Agroecological Exploration of the Arabian Peninsula,” International Center for 
Agricultural Research, Aleppo, Syria, 2002.
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Past Sustainable Conditions 

Until only about half a century ago, Saudi Arabian agriculture was primarily 
characterized by small, owner-occupied farms and sparse arable land 
separated by gulfs of barren desert. Together with nomadic activities, these 
depended on immediately available natural sources of water. Water from 
oases, springs, rainfall, and floods, was carefully collected and managed in 
dams and cisterns since pre-Islamic times. There is evidence of pre-Islamic 
wells and masonry dams that stored floodwaters on the western coast 
near prominent ports and in the Nejd. In the late 1800s, the Ottomans 
constructed water systems with tunnels that transported water from 
wadis (valleys that are dry except in rainy seasons) near Jeddah to nearby 
settlements for both public water usage and agriculture. In particular, date 
cultivation in the Arabian peninsula was a historical practice, and successful 
date farms existed all across the country. Although the date palm was present 
in the Middle East since the prehistoric ‘Ubaid period, oasis agriculture is 
believed to have started only in the early Bronze Age (late fourth/early third 
millennia BC). This involved intercropping of fruit trees as a second layer 
under the palms with annual crops underneath, irrigated from sub-surface 
water resources.5 Such so-called pluri-story date palm gardens, with layers 
of plantation underneath the palms, include those in the area of Jeddah and 
in Al-Hasa, which were efficiently watered through a system of aquifers, 
wells, and dams.6 Subsequently, these settlements developed into present 
day major date-producing areas. Currently, modern date farms are largely 
monocultures, and fruit trees—like citrus species—are only occasionally 
planted as a second layer.

Up until the 1940s, agriculture was almost entirely dependent on such 
systems, with water collected from floods channeled into diversion dams 
and dikes. According to Karl Twitchell, a US engineer and geologist who 
conducted the kingdom’s first water and agriculture survey, the irrigation 
method used was similar to the “bolsa” type of irrigation of southern Arizona 
and Mexico, in which water was used unsparingly through flooding fields 
completely surrounded by small dikes to occasionally yield crops.7 A major 
challenge for the Saudi government, up until the 1950s, was a lack of 

5  Margareta Tengberg, “Beginnings and Early History of Date Palm Garden Cultivation in the 
Middle East,” Journal of Arid Environments 86 (2012).
6  Peter Beaumont, “Water and Development in Saudi Arabia,” The Geographical Journal 143, no. 1 
(1977): 42–60.
7  Ibid.
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hydrogeological data to assess the country’s water resources for agriculture. 
There was little research on how to mitigate against the vulnerability of 
surface-water storage systems and irrigation methods to evaporation and 
surface runoffs,8 causing the traditional flood and furrow irrigation methods 
to be unsustainable due to high water wastage. Nevertheless, prior to the 
1970s, unsustainability of agriculture did not result in large negative effects, 
due to the comparatively small population size, higher precipitation rates, 
and small-scale farming. In addition, the rulers of the kingdom did not yet 
recognize the depletion of water reserves as a problem, though, by the 1970s, 
there were indications of the unsustainability of over-pumping practices.9

Historically, due to the scarcity of water, communities in the kingdom 
were naturally centered around oases—a trend that continued even after the 
establishment of the third Saudi State by King Abdelaziz Al Saud. Finding 
it difficult to maintain authority over such scant settlements distributed over 
massive swathes of land, the government perceived technology as a means to 
counter social, political, and agricultural challenges. Building dams and other 
irrigation, and draining projects throughout the country created a connected 
network that depended on the state for administrative and financial support. 
For the government, controlling the agricultural sector meant that it could 
also control nomadic areas; the so-called Ikhwan settlements were established 
for political stability and to avoid nomadic raids. These settlements began 
in the second Saud dynasty and continued under Ibn Saud.10 Agricultural 
development became increasingly important in the 1960s, and, in 1964, the 
Saudi Agricultural Bank was established to expand agriculture to encourage 
the running of smaller farms. Signs of larger farming activities were observed 
with the introduction of the motor pump in the 1920s and 1930s, and of the 
central pivot system after World War II.11 To the astonishment of the world, 
agriculture in Saudi Arabia expanded at an extraordinary rate, marking the 
beginning of an agricultural revolution in the 1970s.12

8  Ibid.
9  Eckart Woertz, Oil for Food: The Global Food Crisis and the Middle East (New York: Oxford University 
Press, 2013).
10  Khaled Al-Radihan, “Adaptation of Bedouin in Saudi Arabia to the 21st Century: Mobility and 
Stasis among the Shararat,” in Nomadic Societies in the Middle East and North Africa: Entering the 21st 
Century, ed. Dawn Chatty (Leiden: Brill, 2006), 840–64.
11  Woertz, Oil for Food.
12  Bernard Haykel, Thomas Hegghammer, and Stéphane Lacroix, Saudi Arabia in Transition: Insights 
on Social, Political, Economic, and Religious Change (Cambridge: Cambridge University Press, 2015).
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The Quest for Self-Sufficiency at the Expense of Nonrenewable Water

From the mid-1970s into the 1990s, Saudi agriculture was booming, 
reaching its peak of production in 1993.13 This development was facilitated 
by an increase in the country’s GDP that skyrocketed from the 1970s 
onward, providing unprecedented national wealth because of the successful 
hydrocarbon industry and the high oil prices that quadrupled in 1973.14 The 
country’s agricultural strategy was drawn according to a self-sufficiency policy 
during this time. The government facilitated the importation of technical 
systems and machinery, and invested in ambitious agricultural plans, mostly 
focusing on irrigation by the center pivot systems that proved immensely 
successful and became incredibly widespread. The most notable was the 
country’s wheat production plan, with remarkably high productions during 
these years and up until in the 1990s (e.g. 64,000 tons in 1973; 142,000 tons 
in 1980; 2,135,000 tons in 1985; 3,580,000 tons in 1990; 4,124,000 tons 
in 1992).15 Not only did Saudi Arabia create a wheat industry by becoming 
the world’s sixth largest exporter of wheat;16 in addition, eggs, poultry, dairy 
products, and consumption potatoes in later years were exported from the 
surplus of production, mainly to other GCC countries. 

From 1980 to 1985, the agricultural sector grew at an astonishing rate, 
at an average of eight percent annually. Using oil revenues, the government 
established generous subsidies and interest-free credit to facilitate this 
growth. In 1983, government loans to farmers exceeded $1 billion dollars, up 
from $5 million in 1971.17 For wheat and fodder, for example, the government 
agreed to buy from producers at subsidized prices, and the producer received 
subsidies for production. In recent years, alfalfa production became the 
largest agricultural annual crop in the kingdom, which consumed nearly 
seventy-five percent of all water resources for agriculture in 2015 (Figure 
1). However, the excessive wheat and fodder production was based entirely 
on water reserves from ancient aquifers, making the endeavor completely 

13  Elie Elhadj, “Camels Don’t Fly, Deserts Don’t Bloom: An Assessment of Saudi Arabia’s Experiment 
in Desert Agriculture,” Occasional Paper 48, Water Issues Study Group, SOAS/KCL, University of 
London, 2004, 38.
14  Trading Economics, “Saudi Arabia Population,” www.tradingeconomics.com/saudi-arabia/
population. 
15  Elhadj, “Camels Don’t Fly,” 38.
16  Alan Richards and John Waterbury, A Political Economy of the Middle East (Boulder, CO: Westview 
Press, 1998).
17  Melani Cammett, Ishac Diwan, Alan Richards, and John Waterbury, A Political Economy of the 
Middle East, 4th ed. (Boulder, CO: Westview Press, 2015), 215.
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Figure 1. Area and water-use for the ten main crops in KSA
Source: 2015 data gathered from various sources.
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unsustainable.18 Currently, the average water level in the country differs 
greatly by region, ranging from 300 meters in Harreth to 600 meters in Hail 
annually.19 These groundwater reserves are largely nonrenewable and there 
are predictions that water reserves could run out long before oil reserves do.20 

This is not an issue confined to Saudi Arabia, however. There is 
worldwide concern for the depletion of groundwater, but the effects will hit 
arid areas like the Middle East the hardest. With global warming, rainfall 
will continue to decrease with no viable chances of refilling the aquifers.21 
The Intergovernmental Panel on Climate Change (IPCC) predicted that the 
Middle East and North Africa region would face a 10 to 25 percent decline 
in rainfall over the twenty-first century, while evaporation rates will increase 
up to 20 percent.22 

In addition to these issues, the kingdom has seen a tremendous 
population increase from 4.0 million in 1960 to 30.8 million in 2014.23 This 
upward trend is predicted to continue, further stressing the already scarce 
water supply. Decreasing precipitation and increasing water demand are 
important contributing factors to water scarcity, but some experts believe that 
the root of the crisis lies more in the realm of management and governance.24 
Difficulties in keeping quality production, storage, irrigation, and water 
usage have compromised water conservation efforts.25 

18  Vahid Nowshirvani, “The Yellow Brick Road: Self-Sufficiency or Self-Enrichment in Saudi 
Agriculture?” MERIP, Middle East Report 145, 1987: 7–13.
19  Mustafa Abdulhamid, Agro Commercial Director, NADEC, phone conversation with Ameen 
Kim, May 2016.
20  Elhadj, “Camels Don’t Fly;” John Kemp, “Saudi Arabia’s Oil Reserves: How Big are They Really?” 
Reuters, July 15, 2016, www.reuters.com/article/us-saudi-oil-kemp-idUSKCN0ZL1X6; OPEC, 
“Annual Statistical Bulletin 2015,” www.opec.org/opec_web/static_files_project/media/downloads/
publications/ASB2015.pdf.
21  Devin Powell, “Satellites Show Groundwater Dropping Globally,” Science News 181, no. 1 (2012): 
5–6.
22  Robert T. Watson, Marufu C. Zinyowera, and Richard H. Moss, eds. The Regional Impacts of Climate 
Change: An Assessment of Vulnerability (Cambridge: Cambridge University Press, 1997). 
23  Trading Economics, “Saudi Arabia GDP Per Capita,” www.tradingeconomics.com/saudi-arabia/
gdp-per-capita.
24  N. Vijay Jagannathan, Ahmed Shawky Mohamed, and Christopher J. Perry, “Introduction: 
Beyond WRM—Unbundling Water Management in MNA Countries,” in Water in the Arab World: 
Management Perspectives and Innovations, eds. N. Vijay Jagannathan, Ahmed Shawky Mohamed, and 
Alexander Kremer (Washington, DC: World Bank, World Press, 2009), 1–16.
25  Jan Selby, “The Geopolitics of Water in the Middle East: Fantasies and Realities,” Third World 
Quarterly 26, no. 2 (2005): 329–49.
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Currently, desalination of water is the most popular method of acquiring 
water for domestic and industrial purposes in Saudi Arabia, though it has 
been argued that aquifer water could be used for household needs.26 The 
country has the largest desalination plants in the world, producing about 
one-third of all desalinated water in the world,27 almost all of which is used 
for human consumption, leaving little (estimated at 4 percent) available for 
the agricultural sector. Although production incentives were reduced already 
in the 1980s and 1990s,28 full awareness of sustainable agriculture became 
a reality in the early 2000s when the government began to decrease wheat 
subsidies, and eventually stopped purchasing wheat from farmers. Despite 
such phasing out of the wheat production that began in 2008, high-value 
or drought-tolerant crops have not been grown as replacements so far. Since 
no clear alternative plan was presented to farmers, and since the private 
sector did not provide enough research on appropriate crops and agricultural 
methods for arid conditions, farmers began to produce alfalfa and other 
fodder crops in place of wheat. The decrease in wheat production was partly 
compensated by an increase in the production of alfalfa, which ironically 
created the opposite effect of what the government intended when it phased 
out the production of wheat. Since alfalfa is not a seasonal winter crop and 
is planted all year-round, it consumes five times the amount of water needed 
for wheat.29 

The phaseout of government subsidies in some agricultural sectors has 
created another dimension of social stress. The rapid decrease in governmental 
subsidies has made it extremely difficult for small enterprises to survive 
under the pressure, leaving some farmers in unmanageable situations. In 
addition, despite the intent of the government to provide more jobs for local 
citizens through extravagant agricultural investments, there is still a lack of 
Saudi representation in the sector. One reason is that agriculture is highly 

26  Elie Elhadj, “Household Water and Sanitation Services in Saudi Arabia: An Analysis of Economic, 
Political, and Ecological Issues,” Occasional Paper 56, SOAS/KCL Water Research Studies Group, 
University of London, 2004, 22. 
27  Center for Strategic and International Studies, “Water and National Strength in Saudi Arabia,” 
CSIS, Middle East Program Analysis Paper, 2011.
28  Woertz, Oil for Food.
29  M. A. A. Hashim, N. Siam, A. Al-Dosari, K. A. Asl-Gaadi, V. C. Patil, E. H. M. Tola, M. 
Rangaswamy and M. S. Samdani. “Determination of Water Requirement and Crop Water 
Productivity of Crops Grown in the Makkah Region of Saudi Arabia,” Australian Journal of Basic 
and Applied Sciences 6, no. 9 (2012): 196–206.
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mechanized with imported products, causing a dependence on foreign 
workers for their expertise. More importantly, the general image of agriculture 
does not appeal to a large segment of the Saudi population. Foreign workers, 
mainly from Asian countries, preoccupy even in nonspecialized labor, 
including in primary production on-farm work. In addition, the employment 
of Saudis in the agricultural sector is mainly applicable to managerial and 
nontechnical positions,30 though even these higher positions are generally 
not popular among Saudis and are mainly taken up by Westerners. Despite 
the modernization of the agricultural sector, this will not easily contribute 
significantly to solving the country’s labor problem. One aspect of this 
problem is the dependence on expatriate workers. Additionally, the Saudi 
Kingdom deals with extremely young demographics, and the number of 
job seekers exceeds job opportunities.31 One of the government policies 
implemented to reduce dependence of Saudi Arabia’s economy on foreign 
knowledge and workers is Saudization—the policy to replace foreign workers 
with nationals. This is part of the government’s larger vision for the future, 
Vision 2030. Apart from aiming to become economically independent of oil 
revenues, one of the country’s ambitions is to create 450,000 jobs—including 
for women—to address the current labor situation. A significant challenge, 
however, is the quality and capability of the national workforce. 

The Saudi Government’s Response Initiatives

The growing awareness of the need for a sustainable policy in using 
nonrenewable water for agriculture came during a time when, along with a 
rise in commodity prices, food prices became extremely high worldwide. In 
2008, prices of agricultural commodities increased tremendously, shocking 
many Arab countries that largely depended on food imports. These countries’ 
growing populations, lack of arable land, and minor cereal production, 
are factors that contribute to the reality of increasing poverty and poorer 
nutrition. GCC countries, particularly Saudi Arabia, will remain vulnerable 
to food price shocks as long as they continue to be largely dependent on 
oil exports,32 necessitating a diversification of the Saudi economy. Although 
economic growth and employment are important factors in promoting 
food security, a more holistic approach is needed. For example, agricultural 

30  Mustafa Abdulhamid, personal communication with Ameen Kim, 2016; Mohamed Ali Bob, 
personal communication with Ameen Kim, 2016.
31  Central Intelligence Agency, “The World Factbook, Middle East: Saudi Arabia,” www.cia.gov/
library/publications/resources/the-world-factbook/geos/sa.html.
32  The World Bank, “Improving Food Security in Arab Countries,” 2009, http://siteresources.
worldbank.org/INTMENA/Resources/FoodSecfinal.pdf. 
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growth is a key factor for improvements on the macro-level Middle Eastern 
countries, including expanding sustainable high-value exports, providing 
jobs for rural sectors, and advancement of governing systems through such 
expansion.33 As agricultural growth will always compete with freshwater 
withdrawal under current agricultural practices, new insights on the sector are 
needed. The question remains: to what extent and under which conditions is 
local production for food security justified in terms of sustainability in Saudi 
Arabia? A more radical transition of the sector is required, and a holistic 
approach is proposed here, based on modern and smart agricultural solutions 
and concepts.

The causes of food insecurity in Saudi Arabia are multidimensional and 
comprehensive. Causes include the “nutrition transition” system, which is 
the shift from traditional diets of fresh produce to modern diets of processed 
foods; and the “supermarket transition” system, the shift of food production 
and processing from small- to industrial-scale units. Major concerns of food 
insecurity in the GCC region include the highly centralized production 
of food, leading to the abandonment of agriculture in marginal lands; and 
modern diets of poor nutritional value, causing serious health concerns 
among the population.34 Additionally, modern diets have created a massive 
demand for costly food imports. A majority of Saudis and expatriates are 
predominantly meat and rice consumers, encouraging the country to import 
large quantities of meat and about 1.5 metric tons of rice annually.35 The 
numbers of domestic livestock continue to grow and the massive alfalfa 
production to feed the huge numbers of animals reflects this reality. 

Facing both a serious food security concern and a serious water-for-food 
concern in the kingdom, the Saudi government took initiatives to drastically 
transform agricultural policies. Horizontal expansion—i.e. increasing the 
area of arable land—was reduced, and measures were taken to phase out 
certain crops and limit the export of produce in order to safeguard precious 
water reserves. The export of fresh potatoes—and, recently, potato products—
was banned, and the export of dairy products needed to be compensated with 
import of comparable quantities of alfalfa. At the same time, agriculture 

33  Clemens Breisinger, Olivier Ecker, Perrihan Al-Riffai, and Bingxin Yu, “Beyond the Arab 
Awakening: Policies and Investments for Poverty Reduction and Food Security,” International Food 
Policy Research Institute, Food Policy Report. IFPRI, Washington, DC, 2012. 
34  Karin Seyfert, Jad Chaaban, and Hala Ghattas, “Food Security and the Supermarket Transition in 
the Middle East—Two Case Studies,” in Food Security in the Middle East, eds. Zahra Babar and Suzi 
Mirgani (New York: Oxford University Press, 2014), 185–219.
35  Agrochart, “Saudi Arabia. Rice Annual. Mar 2015,” www.agrochart.com/ru/news/2981/saudi-
arabia-rice-annual-mar-2015.html. 
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investments abroad, strategic national storage of wheat, and water-use 
efficiency concepts and techniques were increased in order to meet food 
security goals and to maintain a certain level of self-sufficiency in agriculture. 
For example, the Ministry of Agriculture began to emphasize more efficient 
water usage methods, such as drip irrigation, submerged irrigation (Figure 
2), and the use of greenhouses. Additionally, the government is heavily 
promoting aquaculture, which includes fish farming and the production of 
crustacea and of algae—targeting a three-fold increase in its production by 
2020. Recently, the government began sharply reducing subsidies for fodder 
in animal production and dairy farms in favor of high-protein manufactured 
feed.36 Also, the Saudi government plans to ban the production of fodder.37 

36  Thomas W. Lippman, “Saudi Arabia’s Quest for Food Security,” Middle East Policy 17, no. 1 (2010).
37  Government of Kingdom of Saudi Arabia, Ministry of Environment, Water and Agriculture, 
Ministerial Decree No. 66, “Phasing out the green fodder in the period of three year,” [translated 
from Arabic], 25 Saffar 1437 (Hejri calendar; corresponding to December 8, 2015). 

Figure 2. Example of submerged irrigation in potato production in Wadi Al Dawasir, KSA
Photo by Hans van der Beek, 2015.
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More recently, details to implement the ban on cultivation of fodder crops 
were disclosed, allowing farmers to grow wheat again instead of fodder under 
certain conditions, depending on the farm size.38

The government has mandated an initiative to use treated wastewater 
for crop irrigation. So far, the country produces 1500 million m3/y of treated 
wastewater, which is set to continue increasing in the future.39 Despite 
the initial national reluctance to reuse wastewater prior to the 1970s, the 
city of Riyadh has successfully used fifty percent of its treated wastewater 
for agriculture and for groundwater recharge, among other uses.40 Treated 
wastewater from Al Khobar is mixed with underground water for irrigation 
in the Al Hasa region in the east. In Bisha, in the south, plans to use treated 
wastewater for irrigation are being developed. As part of the recently launched 
Vision 2030, a national transition plan merged the Ministry of Agriculture 
with the Ministry of Water to form the Ministry of Environment, Water, and 
Agriculture. Other objectives for 2030 include targets for sixteen initiatives 
focusing on environment, water, and agriculture.41 Measures taken to reduce 
nonrenewable water for agriculture are targeted to result in a fifty percent 
reduction of nonrenewable water, relative to the total available renewable 
water resources by 2020. At the same time, a nearly threefold increase in the 
use of renewable water—from 13 to 35 percent—is the agriculture goal. 

Although such initiatives to achieve sustainable domestic agriculture 
are collectively promising, the issue of water scarcity in the kingdom is so 
pervasive that the government has been encouraging a foreign agriculture 
investment program; namely, the King Abdullah Initiative for Saudi 
Agricultural Investment Abroad (KAISAIA). Investment abroad by 
Saudi Arabia, and by other GCC countries, is characterized by some key 
elements:42 firstly, the need for food security because of limited arable land 
and water resources; secondly, to increase Saudi’s political influence in target 

38  Government of Kingdom of Saudi Arabia, Ministry of Environment, Water and Agriculture. 
Ministerial Decree No 39, “The mechanism of implementation to ban fodder crop cultivation”[translated 
from Arabic], 16 Muharrem 1438 (Hejri calendar; corresponding to October 17, 2016).
39  Omar K. M. Ouda, “Impacts of Agricultural Policy on Irrigation Water Demand: A Case Study of 
Saudi Arabia,” International Journal of Water Resources Development 30, no. 2 (2014): 282–92.
40  Omar K. M. Ouda, “Treated Waste Water Use in Saudi Arabia: Challenges and Initiatives,” 
International Journal of Water Resources Development 32, no. 5 (2016): 799–809.
41  Government of the Kingdom of Saudi Arabia, “Vision 2030,” www.vision2030.gov.sa. 
42  Gerben Nooteboom and Laurens Bakker, “Beyond the Gulf State Investment Hype: The Case of 
Indonesia and the Philippines,” in The Global Land Grab, eds. Mayke Kaag and Annelies Zoomers 
(New York: Zed Books, 2014), 170–84.
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countries;43 and, thirdly, national governments of developing countries 
seek to attract investments to revive their rural sectors. Besides becoming 
largely dependent on the world market for staple food products, agricultural 
investments abroad are considered a suitable option for food security in 
the Gulf states. Another measure taken by GCC countries to become 
less dependent on world markets, and thus avoid volatile price hikes, is 
increasing strategic food storage—although some argue that this option 
will not solve the food security problem, and is too expensive.44 KAISAIA 
encourages private Saudi corporations to develop agricultural resources 
primarily in economically poor countries with arable lands in Africa, as 
well as in the Americas and in East Asia.45 In reality, it appeared over time 
that these companies tended to invest in stable countries in Europe and 
North America. Foreign agricultural investment programs have caused 
both international and national controversies, with some critics claiming 
that such investments are a breach of ethics and are unsustainable for both 
parties.46 Such criticism occurs due to concerns for the local populations in 
poorer host countries who may lose natural resources as well as revenues 
through exploitative investments by richer countries. Meanwhile, domestic 
critics claim that such foreign investments would simply be nonsensical in 
countries where political strife, natural disasters, and economic instabilities 
are a strong likelihood.47 Additionally, there is criticism over the long-term 
unsustainability of some of these programs.

Although these concerns are genuine, an internal study by the Embassy 
of the Netherlands in Riyadh shows that with the correct business policies 
and cooperative relations, agricultural investment programs between GCC 
countries and host countries can be a positive and sustainable practice for 

43  Benjamin Shepherd, “Above Carrying Capacity: Saudi Arabia’s External Policies for Security Food 
Supplies,” paper presented at World Congress of Middle Eastern Studies, Barcelona, July 19-24, 2010.
44  Eckart Woertz, “The Governance of Gulf Agro-Investments,” Globalizations 10, no. 1 (2013): 87–104.
45  Abdullah A. Al-Obaid, “King Abdullah’s Initiative for Saudi Agricultural Initiative for Saudi 
Agricultural Investment Abroad: A Way of Enhancing Saudi Food Security,” meeting on Achieving 
Food Security in Member Countries in Post-Crisis World, Islamic Development Ban, Jeddah, Saudi 
Arabia, May 2–3, 2010. 
46  “Seized! The 2008 Land Grab for Food and Financial Security,” Grain, October 24, 2008, www.
grain.org/article/entries/93-seized-the-2008-landgrab-for-food-and-financial-security; Shepherd, 
“Above Carrying Capacity.”
47  Lippman, “Saudi Arabia’s Quest for Food Security,” 90–98.
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both parties, as has been confirmed by other studies.48 These investments 
are predominantly initiated by large GCC-based private companies, and 
are driven by investment goals rather than food security goals per se. The 
Saudi public sector, through the above-mentioned King Abdullah Initiative, 
has been involved in very few investments projects so far. The recent Saudi 
government began the King Abdullah Initiative for Agricultural Investment 
Abroad, through which the private sector facilitated investments. In 2016, 
foreign agriculture investment is still a high priority for the government, and 
The National Transformation Program 2020 revealed statements made by 
the Minister of Environment, Water, and Agriculture on the discussion that 
foreign investments will continue to be a part of the nation’s plan for food 
security, as a follow-up of the initial plans made under the King Abdullah 
Initiative.49 However, as the public involvement in food security projects has 
been extremely limited so far, despite large expectations, it remains uncertain 
whether there will be significant implementation of these follow-up plans.

As all GCC countries are facing substantial water risks, transnational 
relations are predicted to be strained when the situation worsens with time. 
This is particularly true for countries that share resources, such as Saudi 
Arabia and Jordan’s use of the Disi sandstone aquifer. The two counties 
are in a “silent pumping race” without any foreseeable negotiations for 
an agreement.50 This is a clear example that illustrates the absence of 
international laws concerning the communal usage of groundwater, causing 
resources to be easily exploited and manipulated by parties.51 The Nubian 
Sandstone Aquifer System (NSAS), the largest underground fossil water 
reservoir in the world, located in northeast Africa, is another resource that 
has become of interest to Saudi Arabia in its foreign agricultural investment 
programs. Water levels in the NSAS have been reduced by only 1-2 meters in 
the last six years, which is significantly less than average reduction in Saudi 
Arabia, estimated at 0.5-1 meters or more per year. This would be acceptable 

48  Mary Ann Tétreault, Deborah L. Wheeler, and Benjamin Shepherd, “Win-Win versus Lose-Lose: 
Investment in Foreign Agriculture as a Food Security for the Persian Gulf States,” in Food Security 
in the Middle East, eds. Zahra Babar and Suzi Mirgani (Oxford: Oxford University Press, 2014), 
221–47.
49  “National Transformation Program 2020 to Spur Growth,” Arab News, June 8, 2016, www.
arabnews.com/node/936346/saudi-arabia.
50  John A. Allen, “Transboundary Water Resources: Disi Aquifer Jordan and Saudi Arabia,” working 
paper (University of Texas, Austin, ECE, 2010).
51  Kendra Patterson, “A Case for Integrating Groundwater and Surface Water Management,” in 
Troubled Waters: Climate Change, Hydropolitics, and Transboundary Resources,” eds. David Michel and 
Amit Pandya (Washington, DC: Stimson Center, 2009), 63–72.
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according to some investors.52 Since water has become an international 
commodity, these transboundary underground water reservoirs form a 
potential threat for regional political conflict, and the challenge remains to 
maintain cooperation among states in the near future.

An Integrated Approach to the Sustainability of Fresh Water

The assessment so far, regarding the water-for-agriculture dilemma in Saudi 
Arabia, brings to the surface the need for a holistic approach consisting of 
cohesive participation from citizens, the private and knowledge sectors, as 
well as the government. This involves measures of various natures including 
technical, managerial, regulatory, social, political, and raising awareness, as 
well as strong commitments of all parties involved. The following section 
highlights some of the factors necessary for an integrated approach that are 
currently being implemented, or that are under consideration, in Saudi Arabia 
and elsewhere in the GCC. These measures can be used as steps toward a 
wider holistic approach, adding to a successful transition in the sustainable 
use of precious freshwater resources for agriculture in the kingdom.

Management

The crisis of water scarcity lies in management and governance. Fortunately, 
some good examples for adequate management and governance exist in 
the kingdom and could serve as models. For example, the results of sound 
management and staff training were extraordinary at Al Mohamadia Dates 
Company, in Al Kharj, Saudi Arabia. The new management improved 
production not only through application of more efficient water distribution 
systems, but also through an increase in the welfare and coaching of 
employees. In less than three years, from 2012 to 2015, the farm increased its 
quality production of dates by 120 percent. About 60 percent of the change 
has contributed to improved water distribution and water management, and 
about 25 percent has contributed to management and training.53 

Awareness

Although often overlooked as insignificant, public awareness of general water 
scarcity is crucial to solving the problem. According to a survey of Saudi 
citizens conducted in 2013, a majority of respondents could not correctly 
identify the main source of water in the kingdom, and only 52 percent 

52  UAE-based company Al Dahra, personal interview with Hans van der Beek, November 2016.
53  Mohamed Ali Bob, personal interview with Ameen Kim at Al Mohamadia Farm, KSA, May 2016.
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of the respondents believed the kingdom had a water shortage problem. 
On the positive side, a majority believed that the best method to tackle 
the issue is through water conservation. This is an important foundation to 
build upon with further awareness campaigns. There are numerous methods 
currently available to change the low level of public awareness, including 
through the media and education initiatives, and through effective pricing 
systems of domestic water.54 

Another way to raise public awareness of the water scarcity issue in 
agriculture can be through the previously stated “nutrition transition” 
system. Currently, a majority of the Saudi population relies on modern diets 
constituting large proportions of saturated fats, sugar, and processed foods. 
The emergence of global chain franchises has transformed traditional diets 
of fresh produce and cereal to more processed foods. More public awareness 
of the region’s high risk for food-related diseases, such as diabetes, could 
encourage the public to revert to more traditional diets, and change the current 
demand in the market.55 Such an initiative could promote the production of 
fresh produce, organic products, and even support for small farm businesses 
in rural areas. According to Omar Ouda, if cereal and fodder production 
is phased out by 2020, and the sustainable production of fresh produce is 
increased, Saudi Arabia can reach a 30 percent level of self-sufficiency in 
fresh produce by 2030.56 Consequentially, this should help alleviate some of 
the problems of water scarcity, food insecurity, and public health concerns, 
since fresh produce has proven to be a more sustainable and healthier option, 
as well as more environmentally friendly and economically reliable.

Since agricultural products contain water and are produced and mostly 
processed with water, they represent “virtual water.” This is the water used to 
create consumption products, including irrigation, cleaning, and processing 
water. In international trade of agro-food products, the issue of trading 
virtual water is also important. This trading aspect is very relevant with 
regard to global impact of international land investment for human food 
and animal feed security. Therefore, another way of creating awareness is to 
present crops and agro-food products alongside their water footprint, which 

54  Omar K. M. Ouda, “Towards Assessment of Saudi Arabia Public Awareness of Water Shortage 
Problem,” Resources and Environment 3, no. 1 (2013): 10–13.
55  Karin Seyfert, Jad Chaaban, and Hala Ghattas, “Food Security and the Supermarket Transition in 
the Middle East,” in Food Security in the Middle East, eds. Zahra Babar and Suzi Mirgani (New York: 
Oxford University Press, 2014), 185–219.
56  Ouda, “Impact of Agricultural Policy on Irrigation Water Demand.”
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is the total amount of water used in production, processing, and services 
of food products. For example, the water footprint for nine common agro-
food products in Saudi Arabia is presented in Figure 3. The perception of an 
agro-food product changes with knowledge about its water footprint. The 
three crops or food products with the highest water footprint from these 
data are fresh fruits, dates, and alfalfa. Alfalfa has the highest production 
in Saudi Arabia,57 but, as discussed earlier, will be phased out in the near 
future. Fruit trees and date palms have a high water footprint, even though 
efficient management of water use is very feasible. Action is thus needed 
to make these cultures more sustainable. Crops like onions, potatoes, and 
vegetables show lower water footprints, despite widely used pad-and-fan 
systems for vegetables, which are extremely water consuming. For cow milk 
and poultry meat, the low footprint is probably not taking into account 
the resources used in feed production. Additionally, the international 
trade in virtual water in feed—as it is done presently to compensate for 
the alfalfa needs in the kingdom—is raising questions on global durability 
because it requires sustainable solutions in production and transport. The 
governmental decision to reduce the domestic production of alfalfa in Saudi 
Arabia is obliging companies to find alternatives, such as producing abroad 
or compensating essential nutritive elements in alfalfa from other agro-food 
sources. The challenge is to find sustainable alternatives, not only for the 
kingdom, but also on a global scale. In this respect, production circumstances 
and transport distances are relevant.

Changing Crop Patterns

Certain measures in changing crop patterns have already been undertaken 
by the Saudi government, especially in reducing and banning cereals and 
fodder crops, as noted above. Any change in crop patterns is usually difficult 
to implement within existing agricultural traditions, which normally last for 
generations. However, the present water scarcity challenges, and the firm 
measures that are currently being implemented, will likely facilitate the 
introduction of alternative crop patterns, including more water-efficient and 
drought- and salt-tolerant varieties. In order to further save water and energy 

57  Christopher Napoli, Ben Wise, David Wogan, and Lama Yaseen, “Policy Options for Reducing 
Water for Agriculture in Saudi Arabia,” King Abdullah Petroleum Studies and Research Center 
(KAPSARC), 2016, www.kapsarc.org/wp-content/uploads/2016/04/KS-1630-DP024A-Policy-
Options-for-Reducing-Water-for-Agriculture-in-SA.pdf.
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in agricultural production, the potential effects in various simulations was 
calculated in a scenario study conducted by the King Abdullah Petroleum 
Studies and Research Center (KAPSARC); including a scenario in which the 
total agricultural productivity would remain the same and not compromise 
current food security levels.58 The study reveals that the elimination of wheat 
and fodder would result in approximately 50 percent water reduction, while 
dairy, meat, vegetables, and fruit is increased to reach the same level of 
production. This would also imply a saving of 20 percent in energy. While 
this study is promising in the technical sense, it does not include social 
aspects. Nevertheless, the results support the steps undertaken by the Saudi 
government, and are even more promising when combined with modern 
water-saving techniques and the introduction of crop varieties that require 
less water.

58  Ibid.

Figure 3. Water footprint (Y-axis: m3 water/ton) related to the production (X-axis: x103 ton) 
of nine common crops and agro-food products in KSA. The size of the bullets is relative to 
the revenue (x$103/ton) for each crop/product.
Source: Diagram is based on data from 2013, as presented by Napoli et al., 2016.
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Water-Saving Techniques

In order to meet the food needs of an ever-growing world population, global 
agricultural scenarios project that an increase in irrigation area between 30 
and 45 percent is needed.59 However, current reservoir capacity and inefficient 
irrigation in large parts of the world would limit irrigated food production 
by 20 percent in order to reach that goal. One beneficial method to growing 
fresh produce is through a high-tech greenhouse system, which conserves 
water at high rates. For example, water use in the pad-and-fan system—
which is widely used in GCC countries—is 242 l/kg of tomato, while only 
5 l/kg is used in the closed greenhouse.60 The difference between these two 
systems is the cooling in the greenhouse. With a pad-and-fan system, it 
comes from humid air that is sucked from a water-fed pad on one side of the 
greenhouse by fans on the other side, while an air-conditioning unit cools a 
closed greenhouse, or with an advanced pad-and-fan system in a semi-closed 
system. With Saudi Arabia’s abundant year-round solar radiation, the results 
of large-scale implementation of such closed, or semi-closed systems could 
be extremely beneficial. The low energy prices in Saudi Arabia are likely to 
rise in the future, due to the cuts in subsidies, which is a factor to take into 
consideration when deciding on which greenhouse concept to apply. 

More research and development is needed to further develop an energy-
and-water-saving greenhouse concept suitable for Saudi conditions. In 
addition, the Dutch AgriGulf consortium estimates a considerable reduction 
in water usage in arable crops. For example, in date production in Saudi 
Arabia, up to 6 million liters per year per ha is anticipated with their approach 
for high-quality date production.61 This approach comprises a sophisticated 
system of submerged irrigation that prevents evaporation (Figure 4); a 
monitoring system that estimates a sensible amount of extraction of water 
for irrigation (Figure 5); modern soil analyses; monitoring for sustainable 
extraction from the aquifer; and a comprehensive training program for crop 
management. The entire system is a prime example of a comprehensive 
approach to improve current agricultural practices in Saudi Arabia.  

59  Hester Biemans and Ronald Hutjes, “Climate Change and Global Water Resources: Adaptation 
Strategies for the Agricultural Sector,” in The Food Puzzle: Pathways to Securing Food for All, eds. Thom 
Achterbosch et al. (Wageningen: Wageningen UR, 2014), 27–29.
60  Bram van der Kooij of Bom Group for Greenhouse Concepts, interview with Hans van der Beek, 
October 2016.
61  Mink Vermeer, Delphy agro-food solutions, interview with Hans van der Beek at Global Forum of 
Innovations in Agriculture in Abu Dhabi, February 2016.
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Figure 4. Schematic display of customized irrigation with automatic steering
Source: Courtesy AgriGulf, 2017.
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Vertical farming is another promising method for increasing production 
of fresh produce, while effectively conserving water up to 80 percent. Since 
it uses the environmental control unit with regulated temperature and LED 
lighting, the technology can be used for shortening growth cycles and 
for year-round production, especially for high-value crops like herbs and 
lettuce. The technique is further useful for speeding up the breeding process 
of various crops, as more cycles per year are possible. Vertical farming is 
encouraging a continual production of high-value crops and breeding 
material using water conservation for high-quality and healthy products.62 

Treated wastewater usage also has large implications for the region 
since the amount of industrial and public wastewater is projected to increase 

62  Anne Rummenie, Thomas de Krom, Marianne Bosman, Carmen S. Cuesta, and Beatriz A. Perry, 
“Strengthening the Food-Water-Energy Nexus in the GCC Region: Opportunities for the Dutch 
Agro-Food Complex,” ACT report, Wageningen University, The Netherlands, Project ID 1629, 
December 2015.

Figure 5. “Dacom” weather station as part of a monitoring system in a date farm 
production field in Bisha, KSA
Photo by Hans van der Beek, 2015
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immensely. Though there is room for improvement, Saudi Arabia has been 
actively reusing wastewater in recent years. A technological innovation, the 
Aerobic Granular Sludge (AGS) technology, can further maximize the use of 
wastewater for agriculture with thorough purification. The AGS technology 
is based on the growth of microorganisms in granules instead of flocs.63 In 
the Netherlands, sustainable wastewater technology based on AGS has an 
energy usage of 58–63 percent lower than the average wastewater treatment 
plants.64 In addition, the Aquifer Storage and Recovery (ASR) and Aquifer 
Recharge and Recovery (ARR) are systems that can further aid water 
conservation. These systems store and treat water collected from natural 
sources, as well as unnatural ones—such as excess water from desalination 
plants and processing plants—to maximize the use of water through reuse 
and recharge.65

The hydroponics system, as an alternative for soil-grown horticultural 
crops in traditional plastic tunnel greenhouses, has large potential for the 
kingdom. Through this system, crops can be grown on inert media such as 
rockwool or lava rocks. Aside from the more obvious benefits, the challenges 
of high water usage, absence of fertile soils, and infestation by soil-born 
plant diseases, can also be curbed through this system.66 The hydroponics 
system is already applied by some farmers and will be thoroughly tested 
in the Estidamah project in Riyadh, aimed at finding medium- and high-
tech alternatives in horticulture under Saudi environmental circumstances. 
Saline agriculture has the advantage of being independent from freshwater 
resources. With the correct approach, this could end the country’s sole 
reliance on fertile soil and freshwater to increase food production. In saline 
agriculture, salt-tolerant crops can be grown in saline soil and irrigated with 
brackish water. Genotypes of crops like potatoes, tomatoes, and quinoa are 
being developed for saline agriculture, and are already at a commercial stage 
of development. Certain date palm varieties are also tolerant to various 
salt levels. In addition, to save freshwater resources, saline agriculture can 
expand the agricultural sector in the kingdom to unprecedented measures. 
Along with such implementation of salt-water produce, the cultivation of 

63  Sunil Adav, Duu-Jong Lee, Kuan-Yeow Show, and Joo-Hwa Tay, “Aerobic Granular Sludge: Recent 
Advances,” Biotechnology Advances 26, no. 5 (2008): 411-23.
64  M. Pronk, M. K. de Kreuk, B. de Bruin, P. Kamminga, R. Kleerebezem, and M. C. van Loosdrecht, 
“Full Scale Performance of the Aerobic Granular Sludge Process for Sewage Treatment,” Water 
Research 84 (2014): 207–17.
65  Rummenie, et al., Strengthening the Food-Water-Energy Nexus in the GCC Region.
66  Ibid.
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some macro-algae can also provide nutritious food for both humans and 
animals. For example, algae is a potential replacement for fodder crops like 
alfalfa for dairy farming.67 As algae is grown in the sea, the crop does not 
require precious freshwater resources. The Red Sea is considered to provide 
suitable locations for macro-algae cultivation as it already produces natural 
macro-algae.

Agriculture Investment Abroad 

The Saudi government’s expansion of agricultural investment programs 
abroad is another strategy in achieving food security. In the past, investment 
in agriculture abroad has often been undisclosed, and little information 
has been released on the exact terms and conditions.68 On the theme of 
responsible agricultural investment for food security, a number of roundtables 
were held at the initiative of the Netherlands in the GCC from 2014 
onwards, including various international stakeholders from GCC partners 
and target countries. In October 2014, the Committee on World Food 
Security adopted the Principles for Responsible Investment in Agriculture 
and Food Systems,69 which are voluntary frameworks for responsible 
investments. Land investment programs are often viewed negatively as “land 
grabs,”70 damaging the investor’s reputation. Unfortunately, there is evidence 
of negative practices in some cases. Private and state-owned companies 
from the GCC are investing in various parts of the world, and it has been 
strongly suggested that the ways in which these investments are made need 
to be reconsidered.71 Some of our own observations outside the scope of 
this publication—conducted through interviews with investors, a literature 
survey, and site visits—show overall responsible investment activities from 
some GCC parties.72 Despite this, concerns with creating comparable 
environmental tragedies in other parts of the world, as well as negative social 
impact from investment activities, will remain significant. 

67  Ibid.
68  United Nations Economic and Social Commission for Western Asia (ESCWA), “Food Security 
and Conflict in the ESCWA Region,” 2010. https://www.unescwa.org/sites/www.unescwa.org/files/
publications/files/e_escwa_ecri_10_1_e.pdf.
69  Food and Agriculture Organization. Committee on World Food Security (CFS), “Principles for
Responsible Investment in Agriculture and Food Systems,” 2014. 
70  Eli D. Lazarus, “Land Grabbing as a Driver of Environmental Change,” Area 46, no. 1 (2014): 
74–82.
71  Benjamin Shephard, “GCC States’ Land Investments Abroad: The Case of Ethiopia,” CIRS 
Summary Report no. 8 (Doha, Qatar: Center for International and Regional Studies), 1.
72  Bart Hilhorst, “GCC-Agro-Investments in Sub-Saharan Africa: Synthesis Report,” report for the 
Dutch Ministry of Economic Affairs, March 2015.
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This issue is why the Netherlands has recently proposed a trilateral 
approach for GCC partners investing in agriculture in Africa.73 The 
approach binds the Netherlands, GCC partners, and invested countries into 
a voluntary agreement that guarantees food security and good agricultural 
practice for all parties. With long-standing experience in Africa through the 
International Development Cooperation program and other initiatives by 
various institutions and private parties, the Netherlands is a suitable third 
party to ensure both African interests and GCC ambitions. This is especially 
relevant for African nations that suffer from hunger and under-nourishment. 
The trilateral approach has the possibility of minimizing exploitation and 
other risks through long-term sustainable investment for rural and private 
sectors in development and trade. It is anticipated that through this approach, 
the investing party, the African country, and the Netherlands will benefit 
economically and socially.

The Water-Energy-Food Nexus

Water, energy, and food are inseparably linked to each other, and this is 
especially true in areas where these elements are under stress. Where one is 
affected, the other two will also be directly affected. Saudi Arabia is one of 
those places where this stress situation is very prominent, being one of the 
highest water-stressed countries in the world. It imports the majority of its 
food, and is affected significantly by decreasing oil prices. Saudi’s economy 
is predominantly dependent on the petrochemical industry, and recent low-
oil prices prompted the Saudi rulers to swiftly announce a transformation in 
the national economy, resulting in the Vision 2030.74 Food production relies 
heavily on energy and water, and price fluctuations in the latter two have 
a direct influence on food prices, which will affect the food security of the 
nation. At the same time, an increase in agricultural activity for domestic 
food production will have an imminent effect on the other two. 

The interrelationship between the three is called the “water-energy-
food nexus” or the “stress nexus.” Most of the research being done on 
the stress nexus is on the interrelationship between water and food. The 
relationship between these two is often expressed as crop water productivity, 
which measures water-use-efficiency of crops. Crop water productivity 
varies according to climate, irrigation management, and soil nutrition 
management, among other factors, and can be influenced by breeding as 

73  This was an internal decision in the Dutch Ministry of Foreign Affairs. 
74  Government of the Kingdom of Saudi Arabia, “Vision 2030.”
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well. Zwart and Bastiaanssen find that higher crop water productivity can 
be reached for wheat and maize by applying less irrigation, which is not 
always in the interest of the commercial farmer whose aim is maximum 
land productivity and economic profitability.75 This would need a paradigm 
change from “maximum irrigation for maximum yield” strategies to “less 
irrigation for maximum crop water productivity” policies, and its relevancy 
would need to be examined for the Saudi situation. 

The relationship between energy and water in connection to food has 
been investigated less. In a first attempt to understand water productivity 
and energy-water productivity, Napoli and García-Téllez demonstrate that 
countries with the highest levels of water and energy productivity are typically 
those that rely on rainfall and surface water for agriculture.76 They also show 
that there may be a limit to how much a water-scarce country like Saudi Arabia 
can improve water and energy-water productivity for its agriculture. Overall, 
water productivity for wheat in Saudi Arabia is close to that of Canada and 
the United States, when rainfall is included for the latter two. It demonstrates 
that Saudi Arabia is using its extracted water for agricultural productivity, 
but, given the lack of rainfall, it requires significantly more extracted water 
for production. As a result, the productivity of water and energy required for 
extraction is much lower. From Napoli and García-Téllez’s study,77 it is also 
clear that there is a correlation between the water productivity of a country 
(average for all crops and animal production per country) and energy-water 
productivity. For wheat, for example, Saudi Arabia was among the countries 
that scored lowest for both water and energy-water productivity, and so 
the conclusion would be justified that there is no economic advantage to 
growing wheat in regions without rainfall, because the value of the crop 
is low compared to the cost of water and energy. These results support the 
Saudi government’s decision to phase out domestic production of cereals 
and fodder, and suggest that Saudi Arabia would benefit from importing 
crops that are highly water-intensive. 

75  Sander J. Zwart and Wim G. M. Bastiaanssen, “Review of Measured Crop Water Productivity 
Values for Irrigated Wheat, Rice, Cotton and Maize,” Agricultural Water Management 69 (2004): 
115–33.
76  Christopher Napoli and Bernice García-Téllez, “Energy for Water in Agriculture: A Partial Factor 
Productivity Analysis,” King Abdullah Petroleum Studies and Research Center (KAPSARC), 
2016, www.kapsarc.org/wp-content/uploads/2016/04/KS-1632-DP026A-Energy-for-Water-in-
Agriculture.pdf. 
77  Ibid.
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Conclusion 

The scholars and engineers interviewed during the course of this study all 
agree on the grim circumstances of water scarcity in Saudi Arabia, particularly 
for agriculture. However, they also believe that there is a definite possibility 
that sustainable agriculture can be realized, to a certain extent, through 
proper management, usage of technology, and water conservation. This 
paper suggests that in order to reach such a sustainable agricultural sector in 
KSA, a holistic approach is necessary. Some of the methods, concepts, and 
techniques involved are already available for immediate implementation, 
but others, like the application of macro algae for fodder, still need applied 
research. A solution to the challenges includes a wide range of short- and 
long-term actions, including all kinds of technical, cultural, and conceptual 
input. As water, energy, and food are inextricably linked to each other, and all 
three are highly relevant for the Saudi context, it is recommended to further 
study these three areas in connection to each other. 

The complexity of the water issue requires full attention regarding both 
technical as well as social solutions to not only reach food security goals, 
but also to avoid transboundary conflicts. Swift action is necessary by both 
the government and the private sector in order to implement some of these 
innovations and to assure a certain level of self-sufficiency in agriculture 
before it is too late. The history of agriculture in the kingdom is a truly unique 
one; the country created a fast pathway in response to the realization of water 
scarcity that the entire globe will eventually face. If Saudi Arabia takes major 
steps in securing water resources and assuring sustainable agriculture, it can 
serve as a leading model for other countries that are similarly working against 
all environmental and sociopolitical odds. 
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