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Abstract

The issue of limited agricultural land and production, rising food demand,
and heavy reliance on imported foods in Kuwait have resulted in pressing
concerns regarding food security and equity. Currently, Kuwait heavily relies
on imports for over 90% of its food supply, which not only impacts the coun-
try’s sustainability but also affects other nations. Essential staples like rice,
wheat, corn, milk powder, cooking oil, and chicken are particularly vulner-
able to recent global price shocks. The consequences of climate change in-
clude rising temperatures, warming oceans, increasing incidences of droughts,
losses in biodiversity, heightened health risks, and a decline in overall food
production. These effects further strain an already stressed ecosystem as Ku-
wait lacks a comprehensive adaptive strategy that outlines both short-term
and long-term action plans/goals to address these challenges. Specifically,
within the agricultural, livestock, and fisheries sectors while simultaneously
equipping it to handle emergencies or hazardous crises. This paper aims to
outline the issues of limited agricultural land and production, rising food
demand, and heavy reliance on imported foods, and how Kuwait must priori-
tize the development and improvement of sustainable agricultural practices
and technologies. Furthermore, identifying key stakeholders and their current
roles and constraints.
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1. Introduction

Kuwait is situated within the Middle East bordering Iraq to the west and north,
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and Saudi Arabia to the south. Kuwait’s weather can be characterized as a dry
desert climate with extreme summers temperatures reaching up to 50°C, with
short winters and sporadic rainfall. Food security and equity are pressing issues
in Kuwait due to limited agricultural land and production, rapid growth in food
demand, and the heavy reliance on imported foods (Wheeler, 2015; Alomirah et
al., 2010). Currently, Kuwait experiences resource interdependencies both do-
mestically (e.g., the majority of Kuwait's food is imported, more than 90%), and
abroad, which, in turn, affects the sustainability of resources in other countries
(Siderius et al., 2019; Wheeler, 2015). Especially after recent global price shocks,
particularly for staples like rice, wheat, corn, milk powder, cooking oil, and chicken
(Wheeler, 2015).

Climate change effects include rising temperatures, warming oceans, increas-
ing drought, biodiversity loss, higher risks of health problems and a decrease in
food production further deteriorating an already strained ecosystem. Even though
climatic fluctuations and changes have occurred throughout history there are
limiting factors that will affect the ability of species and ecosystems to adapt in
the future. Future climate change is predicted to happen at a faster rate than ear-
lier natural changes (Brander, 2010). Meanwhile, simultaneous stresses are hin-
dering the resilience of species and ecosystems, including overfishing causing
biodiversity loss (including genetic diversity), habitat destruction, pollution, in-
troduced and invasive species, and pathogens (Brander, 2010). Other external
factors such as political conflicts, legal environment, economic climate, finances,
business structures all play a significant role in resource availability. An example
is the wheat shortage due to political conflicts in Ukraine, which has led Kuwait
to have a supply shortage and a rise in livestock fodder prices.

To tackle these obstacles and guarantee sustainable food security in the long
run, Kuwait must prioritize the adoption of resilient and sustainable agricultural
practices. The adverse effects of climate change pose a continuous challenge to
various aspects of food systems including supply chains, producers, and farmers.
Equity concerns in relation to food production encompass various aspects. Firstly,
it involves addressing the wages and working conditions of individuals involved
at every step of the food chain, which includes farmers, grocery store workers,
and restaurant staff. Secondly, equitable access to resources necessary for food
production such as land availability, subsidies, and capital is crucial. Last but
equally important is the need to safeguard the environment against pollution
associated with food production activities related to air quality degradation, wa-
ter contamination from pesticide use or other sources, and unpleasant odours
(UCL 2016). Hence, the ability of Kuwait to sustain its growing population and
promote fairness will be greatly influenced by how different stakeholders design,
structure, and manage food and agricultural systems. In order to ensure the sus-
tainable use of resources, it is imperative that there is a shift towards adopting
more environmentally friendly farming practices such as smart farming and tech-

nological innovation. This paper aims to explore two main areas: firstly, the po-
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tential impacts of climate change on Kuwait’s future food security; secondly, iden-
tifying key national stakeholders along with their current positions concerning

addressing pertinent issues.

2. Climate Change Scenarios

There are several General Circulation Models (GCMs) that are used to predict
crop yields under climate change conditions by mid-century (2040-2069) and
the end of the 21 century (2071-2100), these include; the Medium-Range Wea-
ther Forecasts (ECMWF), 40-year reanalysis (ERA40) and the European Com-
munity Hamburg Atmospheric Model (ECHAMS5) data using the UK Met Office
Regional Climate Model (PRECIS) Providing Regional Climates for Impacts Stud-
ies (IPCC, 2000; Ragab & Prudhomme, 2002; Al-Zawad & Aksakal, 2010; Al-
mazroui, 2013; Sharif, 2015; Allbed et al., 2017; Almutawa, 2022a). GCMs are
used to simulate the consequences of an increase in atmospheric CO; on the
mean global climate, both instantaneously with doubling equilibrium CO, and
time-dependently over several model years with incremental increases in CO,
concentration (Shackley et al., 1998). The low resolution and significant errors in
the simulation of regional feedback in GCMs prevent them from providing de-
tailed regional climate simulations or estimates of future regional climate change
(Shackley et al., 1998). Regional errors, however, are not assumed to compro-
mise the validity of the global response to CO, (Shackley et al., 1998). According
to the Special Report on Emission Scenarios (SRES) of the Intergovernmental
Panel on Climate Change (IPCC), the projected effects of climate change will af-
fect global food supplies under different pathways of future socio-economic de-
velopment (Table 1) (Parry et al., 2004; IPCC, 2000). The trajectory of popula-
tion growth, economic development, and agriculture’s response to changing cli-
mate conditions will affect the extent of climate change impacts on a global and
regional scale (Parry et al., 2004).

Ragab & Prudhomme (2002) using the HadCM2 model predicted that the
annual precipitation value set at <50 mm will be reduced by up to 20% depend-
ing on the location in Kuwait. Whereas the annual baseline temperature set be-
tween 27.5 to 22.5 will increase by 1.25°C to 1.5°C by 2050. Coastal areas are ex-
pected to experience lower temperature rises in comparison to those inside the
region (Ragab & Prudhomme, 2002). Although, according to Dasgupta et al,,
(2011) under a 1m-SLR (sea level rise), 68.5% of Kuwait’s total coastal area is
exposed to intensified storm surges affecting 58.7% of the population and more
than 50% of the coastal wetlands in Kuwait are likely to be subject to inundation
risks. The Middle East and North Africa (MENA) would experience the highest
impacts due to SLR affecting 7.9 million people (Dasgupta et al., 2011).

To quantify on a global scale, the impacts of extreme heat stress on maize,
spring wheat, and soybean yields resulting from 72 climate change scenarios for
the 21* century, Deryng et al. (2014) used the global crop model Predicting Eco-
system Goods And Services Using Scenarios (PEGASUS). It was determined that
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Table 1. IPCC Climate change scenarios and description (adapted from IPCC, 2000).

Climate change Description

scenario

AlF1

A2

Bl

B2

The emergence of new and more efficient technologies occurs very rapidly when the economy is rapidly
growing and the global population peaks by mid-century and falls afterwards. Regional convergence, capacity
building, and increased cultural and social interaction are major underlying themes. This is accompanied by a
substantial reduction in regional differences in per capita income which is distinguished by being fossil
intensive.

The world is very heterogeneous. Self-reliance and the preservation of local identities are the underlying
themes. There is a slow convergence of fertility patterns across regions, leading to a continuous increase in the
global population. Compared to other storylines, economic development and technological change are largely
regionally oriented.

Similarly, to the storyline in A1, convergent societies have the same global population peaking at mid-century
and declining thereafter, but with rapid changes in economic structures, with a shift toward a service and
information economy, with a reduction in material intensity and a rise in green technologies. There is a focus
on global solutions to economic, social, and environmental sustainability, including improved equity, but no
additional climate initiatives are being undertaken.

A world based on local solutions to economic, social, and environmental sustainability. It is a world with a
continuously increasing global population at a rate lower than A2. This is accompanied by intermediate levels
of economic development and less rapid and more diverse technological change than in the Bl and Al
storylines. While the scenario is also oriented toward environmental protection and social equity, it focuses on
local and regional levels.

maize yields would suffer double losses (AY = —12.8% * 6.7% versus —7.0% *
5.3% without Heat Stress at Anthesis (HSA)), reduce projected gains in spring
wheat yield by half (Y = 34.3% =+ 13.5% versus 72.0% + 10.9% without HSA and
in soybean yield by a quarter (Y = 15.3% + 26.5% versus 20.4% * 22.1% without
HSA by the 2080s (relative to the 1980s) under Representative Concentration
Pathways 8.5 (RCP 8.5), taking into account CO, fertilization effects (Deryng et
al., 2014). The various climate model scenarios resulted in differing ranges; soy-
bean produces positive and negative effects, maize generally produces negative
effects, and spring wheat generally produces positive effects. In addition, it was
determined that drastic climate mitigation policies such as those in RCP 2.6 would
avoid more than 80% of global yield losses under RCP 8.5 assuming CO, fertili-
zation effects are negligible (Deryng et al., 2014). Whereas, Tebaldi & Lobell
(2018) used the Climate Model Intercomparison Project 3 (CMIP3) dataset to
extract temperature and precipitation outputs from the historic (20C3M) and
assumed the SRES A1B emission scenario and no agricultural adaptation by 2040,
estimated expected global changes of +1.6%, —14.1%, —1.8% for wheat, maize,
and barley, with 95% probability intervals of (-4.1, +6.7)%, (-28.0, —4.3)%, (—11.0,
6.2)% of current yields, respectively.

Different development paths for global crop yields were analysed by Parry et
al., (2004) utilising the HadCM3 GCM using grids of 2" latitude by 2" longitude
on four different SRES emissions scenarios (A1FI, A2, B1, and B2). It was esti-

mated that there would be a significant increase in global temperatures, A1FI’s
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scenario predicts the greatest declines in yields both regionally and globally, es-
pecially in Africa and parts of Asia with an expected loss of 30% by the 2080s
(Parry et al., 2004). Whereas, as a result of regional increases in precipitation
that compensate for moderate temperature increases, and the direct effects of
high CO, concentrations, yield differences between developed and developing
countries are the largest under the A2a-c scenarios (Parry et al., 2004). In con-
trast, under scenarios, Bl and B2, developed and developing countries experi-
ence fewer differences in future crop yields, with B2 future crop yield changes
slightly more favourable than those of Bl (Parry et al., 2004). The results show
that under scenarios of great inequality, there will be considerable increases in
prices and hunger risk among poorer nations due to regional differences in crop
production will grow greater over time (Parry et al., 2004). The suitability of
cropping areas will be altered with low latitudes likely experiencing more water
stress from high temperatures and tropical highlands becoming more suitable
for cropping (Thornton et al., 2009). As, agriculture in the MENA region pri-
marily takes place in the semi-arid climate zone, either on the coast or in the
highlands crop yields are expected to decline by up to 30% with 1.5°C - 2°C
warming, and by up to 60% with 3°C - 4°C warming (Waha et al., 2017; Al-Bakri
et al., 2011).

There will also be a shift in fisheries production patterns in the future as spe-
cies’ biodiversity will change as they move to new habitats creating a change in
net marine primary production (Merino et al., 2012; Cheung et al., 2009). There
is considerable difficulty to assess the magnitude of the impacts, vulnerabilities,
and risks on fisheries and aquaculture through controlled experiments due to
their open and interconnected ecosystems (Gormley et al., 2015). However, in-
dividual species’ responses to climate change effects have been examined (Gorm-
ley et al., 2015). Climate projections generated using the Geophysical Fluid Dy-
namics Laboratory of the US National Oceanic and Atmospheric Administration
(GFDL’s CM 2.1) were applied to three scenarios A1B, Bl and the committed
climate change experiment (commit) (Cheung et al., 2009). It is predicted that
local extinctions will be common in the tropics, the Southern Ocean, the North
Atlantic, the Northeast Pacific coast and in semi-enclosed seas such as the
Mediterranean, the Red Sea and the Arabian Gulf (Cheung et al., 2009). Between
2001-2005 and 2040-2060, under the A1B scenario, species distribution range lim-
its are expected to shift poleward by a median of 291 km (25% to 75" percentiles
= 61 - 747 km) with 83% of the species (887 spp.) showing a positive poleward
shift (Cheung et al., 2009).

Merino et al., (2012) predicted marine fisheries and aquaculture globally to
increase by 6% in the potential catches of “large” fish and fishmeal having the
potential growth of circa 3.6% under the A1B scenario by 2050. However, on a
regional level, low-latitude and tropical regions are expected to decrease produc-
tion compared to high-latitude countries that are expected to increase produc-

tion (Merino et al., 2012). According to simulations, fishmeal production and
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consumption are relatively stable, with fishmeal price increases of —16% to 42%
and fish oil price increases of —5% to 50% (Merino et al., 2012). In contrast, high
prices (the “Ecological collapse” scenario) could ultimately cause the collapse of
small pelagic fisheries that are geographically distant (Merino et al., 2012). Short-
term fluctuations are also predicted due to environmental factors such as El
Nino and consistent price increases that correspond to the amount of fishmeal
utilised in aquaculture. With regards to human population growth, aquaculture
could be able to meet human demands in 2050 if it used 80% of the traded fish-
meal (a 20% increase from the current value), sustaining a per capita consump-
tion of 17 kilograms/year if the global FIFO ratio (fish-in-fish-out ratio) does not
fall below 0.25 (Merino et al.,, 2012). In the case that fishmeal was exclusively
used for aquaculture, the same objective would be accomplished with a lower
average technological adaptation (FIFO) of 0.28 (Merino et al., 2012).

Livestock is affected by the climate in different ways: feed-grain availability
and price, pasture and forage crop quality and quantity, health, growth, repro-
duction, and diseases and pests. Although it is likely to fair better than crops
against extreme weather events such as heat and drought (Gaughan et al., 2009;
Thornton et al., 2009; Chase, 2006; Thomas et al., 2004). The distribution of
livestock genotypes as a result of increasing mean temperature that can be toler-
ated across regions and habitat loss is unknown (Thorton et al., 2009; Thomas et
al., 2004). Thomas et al. (2004) predicted that for mid-range climate-warming
scenarios (1.8°C - 2.0°C and CO; increases of 500 - 550 p.p.m.v.) for 2050, 15% -
37% of species will be “committed to extinction”. According to Chase (2006), a
dairy cow weighing 635 kg and producing 36 kg of milk per day has a 22%
higher maintenance energy requirement at 32°C than it does at 16°C. Dry matter
intake and milk yield are predicted to decrease by 18%, and milk yield decreases
by 32% at the same temperature increase (Chase, 2006). Amundson et al. (2005)
also found that Bos taurus conception rates decline at temperatures above 23.4°C
and at high thermal heat indexes that are equal to or exceed 72.9. It is estimated
that pig, beef, and dairy milk production will decline by 1% - 2% by 2050 due to
increased heat stress in the USA, alone (Frank et al., 2001). Although, for inten-
sive livestock production systems where some control can be exercised, Rotter
and van de Geijn (1999) suggest that the impacts of heat stress may be relatively
minor. Extreme weather events can cause animals to suffer morbidity and illness
as a result of heat-related illnesses (Gaughan et al., 2009). There are a variety of
indirect impacts, including those produced by the effects of climate on the den-
sity and distribution of microbes, the distribution of vector-borne diseases, the
host’s resistance to infections, food and water shortages, and the health impacts

of food consumption (Gaughan et al., 2009).

3. Farming Practices in Kuwait

3.1. Agriculture in Kuwait

Of the 1539 km? of agricultural land, only 121 km? is under cultivation for vege-
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table crops (PAAFR, 2018; KASA, 2019). Kuwait produces a wide range of crops
of which 57 are monitored twice a year (summer and winter) which are organ-
ized into seven different categories. From the highest to lowest occupied area,
the categories are as follows: fodder (44%), fruiting vegetables (23%), grains
(13%), tubers or rooted crops (9%), leafy greens (8%), landscaping and green
space (3%) and pulses (1%) (KASA 2019). The majority of the production is un-
der open field occupying 85% of the land compared to protected production
systems (greenhouse, shade house, etc.) which total 14.2 km?. In terms of total
production and value cucumbers and tomatoes have the best returns compared
to all other crops grown with 9.37 $/sqm and 7.73 $/sqm respectively and the
highest production per sqm with 19.2 kg/sqm and 15.8 kg/sqm (Table 2). From
2015-2019 both tomatoes and cucumbers saw upward production trends of up
80% and 30% respectively, while the production of alfalfa decreased by 79%
while rhodes saw an increase in production (PAAFR, 2019). In terms of self-suffi-
ciency for fruits and vegetables, cucumber and dates are the only crops that ex-
ceed 90% self-sufficiency, with overall self-sufficiency for fresh vegetables and
fruits at only 43% (Abdullah et al., 2021; PAAFR, 2018).

Growing crops under protected areas can help prolong seasonal changes but
requires higher water inputs for irrigation and cooling (Al-Mulla, 2006). How-
ever, to reach targets, the 15% of crops grown under protected environments
need to substantially increase through efficiency, productivity, and sustainability
(Abdullah et al., 2021; Al-Nasser & Bhat, 1998). For Kuwait to achieve high self-
sufficiency of 90% for fruits and vegetables, the total area cultivated would need
to double which will require higher demands for water, labour and infrastruc-
ture. Nevertheless, it is difficult for the country to expand its greenhouse indus-
try as it requires a high investment with a prolonged time frame on the return on
investment (Al-Nasser & Bhat, 1998).

Plants have varying critical high and low-temperature thresholds that are de-
pendent on the type of species and cultivars, and with each developmental stage
different optimal temperature ranges are required (Thornton et al., 2009). Sow-
ing dates, fertilisation, and crop density need to be adjusted to address climate
change’s short-term and medium-term effects to maintain similar production
rates (del Pozo et al., 2019; Cole et al., 2018; Masud et al., 2017). An increase in
heat by just 1% during the winter season can cause a decrease of 1.12% in agri-
culture production, such values could lower when productivity is at its highest
(Alboghdady & El-Hendawy, 2016). However, other effects of climate change
may offset these impacts (Gormley et al., 2015; Wiebe et al., 2015). As total bio-
mass of C4 plants such as rhodes, maize and blue panic is only negatively af-
fected when daily mean temperatures rise above 35°C (Wiebe et al.,, 2015; Miiller
& Robertson, 2014).

Miiller et al. (2010) estimated that the Middle East carbon fertilisation effects
(CFE) will increase by 8.4% normalised to a 100 ppm increase in CO, in com-
parison to Fischer (2009) who estimated an increase of 2.4%. Plants benefit from

CO, fertilisation because it increases photosynthesis rates while limiting leaf
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Table 2. Total area during the winter and summer seasons under protected and open field production, the value ($/sqm) and total
quantity produced, and the self-sufficiency of the top three highest produced crops in Kuwait during 2019 (Adopted from PAAFR,
2019, KASA, 2019).

Total Protected (donum) Open Field (Donum)  vaye Qty Self
(donum) Summer Winter Summer Winter ($/sqm) (Kg/sqm) Sufficiency (%)
Vegetables Fruits
Tomato 6899 21% 1016 5086 0 1697 9.37 19.2 65%
Cucumber 6078 19% 3915 2081 82 0 7.73 15.8 98%
Eggplant 4869 15% 1015 1636 0 2218 2.64 8.1 82%
Others 14727 45% 1684 3338 6987 2719 2.23 4.1 -
Total 32,573 100% 7630 12,141 7069 6634 4.83 10.1 -
Leafy greens
Lettuce 2610 23% 93 192 0 2325 3.04 4.7 44%
Parsley 1877 16% 91 45 0 1741 1.73 3.5 -
Cabbage 1720 15% 0 58 0 1662 2.69 5.5 45%
Others 5172 45% 430 600 84 4066 1.53 3.1 -
Total 11,379 100% 614 895 84 9794 2.08 3.9 -

Tubers, Roots, and Bulbs

Potatoes 7613 61% 65 154 0 7394 2.24 4.6 17%
Onions 1780 14% 0 21 0 1759 2.61 4.0 6%
Fresh Onions 1450 12% 3 35 0 1412 2.24 3.4 -
Others 1685 13% 5 159 0 1611 2.13 3.4 -
Total 12,528 100% 73 369 0 12,176 2.27 4.2 -
Pulses
String Beans 896 43% 92 475 0 319 1.53 3.1 -
Cowpea 659 32% 338 247 74 0 1.55 3.2 -
Beans 461 22% 0 1 0 460 1.22 1.5 -
Others 67 3% 12 28 0 37 0.50 1.6 -
Total 2083 100% 442 751 74 816 1.44 2.7 71%
Grains
Maize 8824 46% 0 2 8822 0 2.28 2.0 15%
Barley 5533 29% 0 0 0 5533 0.49 1.0 1%
Sorghum 4065 21% 0 5 4060 0 1.17 2.0 90%
Others 594 3% 0 0 0 513 0.44 1.3 -
Total 19,016 100% 0 7 12,882 6046 1.47 1.7 -
Fodder
Rhodes 35,620 56% 0 0 13,000 22,620 0.98 5.0 -
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Continued
Blue panic 13,431 21% 0 0 2689 10,742 0.00 0.0 -
Alfalfa 12,353 20% 0 0 1841 11,412 1.10 4.8 -
Ohers 1736 3% 0 0 22 1714 7.83 96.1 -
Total 63,140 100% 0 0 17,552 46,488 0.98 6.4 64%
Final Total 140,719 8759 14,163 37,661 81,954 2.15 6.2 42%

transpiration. Increasing CO, reduces plant water use, which is also expected to
positively impact plant growth when nitrogen is abundant. However, the effect
of higher atmospheric CO; is still very uncertain owing to many complex inter-
action mechanisms and it may contribute to the loss of nutritional quality in
food and fodder, including protein and micronutrients (Wiebe et al., 2015).
However, CO;, increase could potentially help increase growth of many different
vegetables but seasonal shifts due to fluctuating temperatures may alter planting
dates.

Nutritional quality can be improved by utilizing different techniques such as;
improving crop varieties, biofortified staple crops with zinc and iron, diversify-
ing small-scale production, post-harvest fortification of foods, micronutrient
supplementation; plant breeding or genetic approaches to increase micronutri-
ent contents (Dwivedi et al., 2023; Semba et al., 2022; Beddington et al., 2012).
Transgenic technology can be a viable solution as it can improve food quality
and nutritional content (Verma et al., 2011). Developing cultivars optimised for
indoor and vertical farming to solve malnutrition might be the most effective use
of genetic engineering (Abdullah et al., 2021; Verma et al., 2011). Genetically
Modified Food (GMO) can not only be advantageous towards improving nutri-
tional quality but can also improve; pest resistance, herbicide tolerance, disease
resistance, cold tolerance, disease resistance, drought/salinity tolerance, phy-
toremediation, and pharmaceuticals. However, GMOs can also pose environ-
mental and human health risks (Verma et al., 2011). Other solutions should in-
clude better subsidies, insurance, co-ownership as a farming collective sharing
costs and equipment, or subsidies and other forms of government intervention
would provide farmers with more assurance while accepting risks associated

with new production methods.

3.2. Fisheries

A 500-kilometre shoreline along the Arabian Gulf serves as an important pisca-
torial source for Kuwait (AlHamad, 2006; Carpenter et al., 1997). Despite an av-
erage annual catch of around 4000 tons, with the highest recorded catch in 2000
at 5999 tons, the self-sufficiency rate is only 8%, relying heavily on imported
fish, which make up 60% of the total fish supply (KASA, 2000-2019; PAAFR,
2018). Yet, the data on fish caught in national reports is underestimated due to
unregulated fishing which has resulted in the severe degradation of marine bio-
diversity due to overfishing (Alsabah, 2021; Alqattan et al., 2020; Al-Abdulrazzak
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et al., 2015). The effects of overfishing have caused the reduction of fish such as
zobaidy (Pampus argenteus), suboor (Tenualosa ilisha), hamoor (Epinephelus
coioides), newaiby (Otolithes ruber) and hamra (Lutjanus malabaricus) with the
biggest impact on shrimp (Penaeus semisulcatus) stocks (Al-Husaini et al., 2015).
Fish population and biodiversity in Kuwaiti Bays are heavily impacted by an-
thropogenic and recreational undertakings through pollutants from oil-based
contaminants, sewage discharge, desalination processes, and natural oxidation-
reduction processes (Ali & Chidambaram, 2021; Alqattan & Gray, 2021; Liri et
al., 2023). By 2050 the Arabian Gulf may experience an increase of salinity of
2.24 g/l causing fish kill if temperatures continue to rise (Bashitialshaaer et al.,
2011; Liri et al., 2023). These sources of pollution pose significant risks to the
health and well-being of both the local population and consumers of Kuwaiti
fish. In light of these risks and challenges, it is imperative for Kuwait to imple-
ment effective strategies and measures to mitigate environmental pollution and
ensure the safety of the marine environment.

Fish stocks will be heavily impacted by the effects of climate change and these
actions put a vital source of food and income at great risk, as rising salinity and
temperature threaten its sustainability (Alqattan & Gray, 2021; EPA, 2019; Wab-
nitz et al., 2018; Al-Yamani et al.,, 2017; Asem & Roy, 2010). Changes in physical
and biological systems on all continents and most oceans are occurring, with
many changes following the expected trajectory of warming temperatures (Thorn-
ton et al., 2009; Rosenzweig et al., 2008). The warming of oceans, lakes, and riv-
ers impacts marine and freshwater biological systems (including changes in phe-
nology, migration, species interaction and the composition of communities of
algae, plankton, and fish) (Rosenzweig et al., 2008). From 1950-2010 a 0.57°C
increase in sea surface temperature has been observed with a possibility of 0.7°C
every decade (Hereher, 2020; Shirvani et al., 2015). A major issue legislators and
researchers face is the lack of research on the impact of climate change in the
future and alternative options in the Arabian Gulf (Ben-Hasan & Christensen,
2019). Given the significant emphasis on fisheries as a means of promoting the
growth of the “Blue Economy,” it is crucial to invest in more research and apply
new policies and regulations that can support the sustainability of the fishing
industry and address the decline in fish populations (Alqattan & Gray, 2021;
Sarwar, 2022). There is a dependence on freshwater fish farms breeding tilapia
(Oreochromis niloticus or O. spilurus) situated in the South (Wafra) and in the
North (Abdali) (Kitto & Bechara, 2004). They rely on brackish water that is pri-
marily used for vegetable crop irrigation (Kitto & Bechara, 2004). The biggest
drawback of aquaculture is the lack of proper infrastructure, increase in invest-
ment and diversifying organisms could be solutions to reducing imported foods
but the production has been stagnant with limited growth over the years aver-
aging only 412 tons (PAAFR, 2018). Different projects have been put into mo-
tion by the New Kuwait 2035 plan to create model farms to provide know-how

and potential of growing high economic valued fish and shrimps aiming to be
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completed by 2029 (New Kuwait; N.D.). The development of marine trade and
tourism has the potential to stimulate economic activities, contributing to sus-
tainable growth and the generation of employment opportunities. Additionally,
the marine sector can contribute to energy supply and food security through

advancements in offshore renewable energy and marine biotechnology.

3.3. Livestock

The livestock industry in Kuwait mainly focuses on the production of ruminants
(cattle, sheep and goats) and poultry. The majority of Kuwait’s arable land is
used for livestock, but only 15% of the country’s red meat demand is met from
domestic production (Abdullah et al., 2021). From 2015-2019 the number of
sheep and goats saw a steady increase raising from 588,618 to 714,348 and
156,543 to 234,324 but a small increase for the number of cows from, 29,263 to
34,746 (KASA, 2019). The steep increase of ruminants in 2019 decreased the
self-sufficiency of fodder from 90% in 2015 to 64% causing a higher dependency
on the environment which nearly depleted the natural flora due to overgrazing
(PAAFR, 2019; Misak & Abdulhadi, 2022). Livestock fodder quality and quantity
will be affected due to climate change both directly and indirectly as atmospheric
CO, concentrations and temperatures change, which can alter import amounts
and availability (Ciscar et al., 2009; Thornton et al., 2009; Hopkins & Del Prado,
2007). Increased heat stress and drought might offset dry matter yields, diminish
available drinking water, bring on livestock disease, and alter the length of the
grazing season (Thornton et al., 2009; Hopkins & Del Prado, 2007). Countries
like Australia which are Kuwait’s top sheep importer, supplying more than 56%
of the total import of sheep will be facing issues due to climate change causing
reduced income for farmers due to environmental stresses (Hughes et al., 2019;
Deards & Thompson, 2012; Harle et al., 2007).

Improving the livestock system in Kuwait to provide for future demands will
require high investment and modifying feed strategies while reducing demand
for imported feed and animals. The use of native plants may be an effective al-
ternative to expensive imported feed (Almutawa, 2022b). Madouh & Al-Sabbagh
(2021) identified four potential native forage species to feed livestock (Cenchrus
ciliaris, Cenchrus setigerus, Lasiurus scindicus, and Pennisetum divisum). The
use of alternative fodder could reduce the high input of hay rations which
amounted to 67,000 tons and bird fodder at 25,000 tons and increase the self-
sufficiency rate above 63% for green fodder (PAAFR, 2020-2021). Although
Kuwaiti native plants are well-adapted to the abiotic environment, they still have
a low biomass production per unit area under extremely low inputs (Madouh &
Al-Sabbagh, 2021). The utilisation of conocarpus (Conocarpus erectus) a com-
mon landscape plant that is widely spread in urban green landscapes has also
been identified as fodder (Baroon & Razzque, 2013). Breeding programs within
Kuwait are key to having offspring with higher resilience to arid conditions

(Razzaque et al., 2009). Countries like Saudi Arabia also see breeding programs
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using indigenous livestock as one of their climate change adaptation programs
(Alsarhan & Zatari, 2022).

The demand for poultry continues to increase with the rising population
causing higher imported products due to low self-sufficiency reaching only 20%
for meat but 101% for eggs (Al-Nasser et al., 2020; Al-Nasser et al., 2015). In
2018 poultry imports reached 3.2 million birds, local supply can support itself
with hatching eggs but requires a large amount of feed like corn and soybean
which are purchased from countries such as the United States of America (USA)
and India (Alsaffar, 2019; Al-Nasser et al., 2015). Rising temperatures can result
in heat stress and disease presence, and with poultry production systems in Ku-
wait managed just within poultry houses, higher energy demand will be required
to maintain a safe living environment (Cole & Desphande, 2019; Ahaotu et al.,
2019; Almatawah et al., 2023). To battle the issue of food security KISR have
proposed diverse research projects focusing on increasing the added value of
poultry to be competitive in the global market, diversifying poultry products to
include quails or ducks, and increasing productivity of broilers by reducing feed

conversion ratio from 2.0 to 1.4 (Al-Nasser et al., 2020).

3.4. Adaptation

To combat the adverse effects of climate change, adaptation strategies are essen-
tial. To maintain governmental efforts to provide agriculture programs and poli-
cies, farmers must adjust their strategies to help them adapt to climate change
and support sustainable agriculture (Masud et al., 2017). The inability of farmers
to adapt to climate change may cause dislocation, social disruption, illness, and
even death (Masud et al., 2017). Less than 1.1% of Kuwait’s workforce is con-
nected with agricultural activities (PAAFR, 2018; Al-Menaie, 2014). Therefore,
there is a heavy reliance on expat farm workers with relatively little to no farm-
ing expertise as workers’ wages have increased since the pandemic (Al-Nasser &
Bhat, 1998). There is also the issue of there being a language barrier or illiteracy
among workers which is an obstacle to communication and educating workers.
There is also the case of high worker turnover, as farmers do not want to employ
farm hands full-time and only seasonally or during labour-intensive short-term
jobs to cut overhead costs. Therefore, training competent workers who are con-
sistently on the farm is futile. As well as the fact that farming in Kuwait is new,
lacks different generations and has a generational gap. As farming is not consid-
ered a viable occupation in Kuwait due to climatic constraints, and many refuse
to undertake any manual labour (Alessa, 2017). Furthermore, farmers who do
not have an identified successor or those who view farming as a temporary oc-
cupation tend to be less inclined to invest in implementing both horizontal and
vertical adaptive changes compared to farmers with heirs (Castellano & Moroney,
2018).

There is a lack of widespread understanding and awareness about climate

change and greenhouse gases among the farming community in Kuwait. On a
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larger scale, around 80% of the public associates human unsustainable develop-
ment with causing climate change, leading to concerns about the quality of life
for future generations (Elmi, 2018; Saab, 2009). Some initiatives have been taken
to address this lack of awareness and understanding. For example, certain
schools in Kuwait, such as Kuwait National English School, have expanded their
curriculum to include teachings about climate change and its dangers as it is a
part of the “Global Network of Schools addressing Global Challenges” (KNES,
n.d.). As well as organizations like the Kuwait Red Crescent Society and the
British Council, which conduct workshops to educate the public about climate
change and its implications (Kuwait Times, 2022; British Council, 2022). The
2019 “Greening Kuwait” campaign, involving various government sectors, pri-
vate companies, and volunteers, marked the country’s first national effort to re-
store vegetation in desert areas (UN-Habitat, 2019). As the 2035 National De-
velopment Plan progresses, additional campaigns targeting key aspects of the
strategy are expected to enhance public awareness.

A gap between local and international knowledge and technology needs to be
extensively bridged. A variety of extension activities and services are offered by
the International Center for Agricultural Research in the Dry Areas (ICARDA),
the Public Authority of Agriculture and Fisheries (PAAFR), the Kuwaiti Farmers
Association and the Society of Agricultural Engineers and Environmental Pro-
tection Agency (EPA). Growers and producers can gain technical knowledge
through extension workers, who can educate them on how to increase their in-
comes and provide them with research-based information on marketing and
processing. Agricultural produce and products also face a problem when it comes
to harvest and storage, cold storage and specific packaging for perishable prod-
ucts to ensure higher quality and longer shelf life are unavailable for the majority
of the farms in Kuwait. This can be achieved by adapting technology to the food
supply chain and harmonizing all the stages of the food industry and placing a
more holistic approach through a fork-to-farm (F2F) approach (Al-Khateeb et
al., 2021). By reforming the current food supply chain and connecting farms to
manufacturers, packaging, transportation, distribution, and market-to-customer
demand waste can be eliminated, food safety can be improved and reduced, and
local food prices can be controlled. This can play a crucial role in maintaining
elevated levels of food safety, minimizing the occurrence of food-borne illnesses,
safeguarding public health, and effectively managing issues related to food waste
and loss (Al-Khateeb et al., 2021; Baig et al., 2017; Alomirah et al., 2010). To ac-
complish this, one approach is to use a computable general equilibrium model
that can assess how the economy reacts to policy changes, technological ad-
vancements, and other external factors. This modelling technique takes into ac-
count inter-industry connections. Additionally, urban farming practices that
prioritize sustainability by implementing farm-to-fork strategies include track-
ing land-based and aquatic viruses in food production systems (Mahony & van
Sinderen, 2022; Abdalla et al., 2022). In addition, the implementation of an e-

commerce platform has the potential to reduce food waste. By enabling smarter
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food chains and utilizing big data for faster creation and value chains with less
waste, this solution can be effective (Abdalla et al., 2022; Cole et al., 2018). For
instance, in Kuwait, each household generates approximately 1.37 kg of solid
waste per person/day, with around 51.1% consisting of foodstuff (Koushki &
Al-Khaleefi, 1998). Despite the existence of various adaptive measures to en-
hance farming practices and food sustainability, challenges still remain. These
challenges include limited access to technology and financial resources, inade-
quate infrastructure for proper waste management, and the need for policy re-
forms to support sustainable agricultural practices.

1) Water and energy demands

Water scarcity is one of the greatest issues faced in Kuwait, which is also
threatening the agricultural industry, rapid population growth, improper distri-
bution of water resources, increasing demand for water, hydro-political condi-
tions, deteriorating water quality, low rainfall and high evaporation rates are the
primary reasons (Fiaz et al., 2018). The main source of natural water in Kuwait is
the Kuwait group and the Dammam aquifers (Al-Maamary et al., 2017; Al-Ruwaih
& Almedeij, 2007). Kuwait is one of six GCC six countries (Saudi Arabia, Bah-
rain, Qatar, UAE, and Oman) that contribute to the recharge of the Dammam
aquifer (Al-Maamary et al., 2017). However, it is primarily recharged by direct
precipitation at the intake area, the Dammam Dome in Saudi Arabia (Al-Ruwaih
& Almedeij, 2007). According to estimates, there is 10.0 x 10° m*/d (2.2 MIGD)
of groundwater flowing to Dammam along the border with Saudi Arabia as a
result, groundwater levels have significantly decreased below the average pro-
duction of 60.01 x 10°> m*/d (13.2 MIGD) of the field (Al-Ruwaih & Almedeij,
2007). In the Dammam aquifer, groundwater salinity increases from 2500 mg/1
in the southwest to 10,000 mg/l in the centre (Al-Ruwaih & Almedeij, 2007). In
the north and east, salinity abruptly increases to over 150,000 mg/l (Al-Ruwaih
& Almedeij, 2007). Rainfall patterns will be altered impacting the availability of
water in the regeneration of the aquifers as a result of climate change effects
(Al-Maamary et al., 2017). The most reliable source of freshwater is the desalina-
tion of seawater across the Arbian Gulf and the Red Sea (Hameed et al., 2019;
Al-Ruwaih & Almedeij, 2007). There are a total of six distillation plants have
been constructed: Shuwaikh, Shuaiba North, Shuaiba South, Doha East, Doha
West, and Az-Zor South with a total distillation capacity of 1.435 million m’/d
(315.6 MIGD) (Al-Ruwaih & Almedeij, 2007). Oil and natural gas are essential
for the operation of power plants as a result, Kuwait may be unable to meet its
electricity and desalinated water needs due to increased electricity and desali-
nated water demands which could be met through the application of solar en-
ergy (Al-Maamary et al., 2017). Finally, a crucial source of agricultural produc-
tion involves the utilization of treated wastewater, with recycled water account-
ing for 19% of the total water consumed within the agricultural sector (Aleisa,
2019).

Electricity consumption per capita is twice as high as or higher than the world
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average in Kuwait (Waha et al., 2017). Around 68% of the electricity load is used
for residential purposes (private residences, investment buildings (with apart-
ments, predominantly inhabited by foreigners) and public housing (Hertog, 2020).
Regardless of the Kuwaiti authority’s intention to increase energy supplies, there
is a need to rethink the energy policy and subsidies since fossil fuels will still be
used (Al-Maamary et al., 2017). As climate change will harm water supply and
management systems, increasing their resilience is a mandatory adaptation step.
An increase in electricity and desalinated water tariffs to curb usage has been in-
effective, a s access to water is considered a fundamental right, there is strong
political opposition towards eliminating or reducing water subsidies (Aljamal et
al., 2022). A partial increase was made in 2017, however, it affected mainly cus-
tomers in the public sector, where water and electricity prices are now close to
the cost of production (Hertog, 2020). With, the average Organization for Eco-
nomic Cooperation and Development (OECD) price level for water in 2017 was
($15) in comparison to the government tariff ($13), industrial and agriculture
($4) and agricultural and industrial (producers ($2.5) (KD/1000 imp gal)
(Hertog, 2020). Since Kuwait has an average of 80% clear skies throughout the
year, its solar energy potential is among the best in the world (Reiche, 2010). A
SWOT analysis on the utilisation of solar energy in Kuwait was analysed with
strengths focusing on the long-term sustainability and potential, while two
weaknesses identified mentioned poor planning leading to postponed projects
and limited investment towards renewable energy (Al-Fadhli & Al-Habaibeh,
2020).

2) Subsidies

Governmental bodies and collective associations also support the agricultural
sector directly and indirectly by providing specific subsidies. The Public Author-
ity of Agriculture and Fisheries (PAAFR) provide; direct subsidies in the form of
purchasing farmer’s produce and subsidizing production costs based on the
amount produces (fruit and vegetable, however, herbs are not included) that are
then placed for auction in the Sulabiyah marketplace (Al-Forda), which is open
for purchase to various distributors. PAAFR has allocated different budgets for
subsidies within the different agriculture sectors. Subsidies for plant production,
fodder, fisheries, cows, palm trees and other subsidies. The largest budget allo-
cated to fodders is approximately $35 million per year and the second biggest
was plant production at $22 million between 2020-2021 (PAAFR, 2019-2020). As
well as over the years PAAFR has sporadically distributed free land for agricul-
ture, aquaculture, livestock, and stables. Indirectly PAAFR provides pesticides
and pesticides management services, and agricultural machinery for rent for a
nominal fee. As well as free courses and seminars are provided covering live-
stock and agricultural production. Additionally, nursery plants are for sale in the
growing season at a nominal fee once a year. PAAF, also offers laboratory ser-
vices (soil and water analysis and insect, pest and disease identification and con-
trol), inoculation, vaccination services and livestock fodder with some being free

and some for a nominal fee. The Ministry of Electricity and Water offers subsi-
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dies to farmers, providing water at a rate of $4 per 1000 imperial gallons and
electricity for active farms at a cost of $0.01 per kilowatt-hour (MEW, 2017).

Some societies and associations support the agricultural sector in Kuwait
through the Ministry of Social Affairs and Labor (MSAL); the Society of Agri-
cultural Engineers offers free courses and seminars, and they also cover expenses
for Kuwaiti agricultural engineers that are members for knowledge development
(travel expenses to exhibitions, conventions and lectures). The Kuwaiti Farmers
Association provides a space for distributing and selling produce (food markets
and subsidies for diesel fuel).

3) Stakeholders

To be able to address this food equity and security by the mid and end of the
21* century there is first a need to create a climate change adaptation strategy.
Currently, there is no national climate change adaptation plan that outlines
stakeholders’ goals, responsibilities and time frame to achieve those goals (Table
3). To ensure the sustainability of these food sources to reduce compounding
stresses in the future. The adaptation plan should include a framework to assess
the impact resulting from climate change and weather shocks on food security
(Karfakis et al., 2012). Stakeholders within food production, process, and regula-
tion are key to maintaining food security. Currently, the difficulties faced by
stakeholders involved; a lack of communication with one another, no follow-
through, late deadlines, lack of transparency, and nepotism (Al Mulla, 2022). Also,
there is inefficient collaboration, and integration between the research, NGOs,
private companies, governmental institutions and farmers association groups
concerning climate change adaptation in all sectors to raise awareness and em-
power local communities to propose solutions. To improve governance frame-
works and capacities, key stakeholders should participate in identifying and meas-
uring these shared risks. Therefore, when risk management and mitigation cannot

be performed by one sector alone, incentives for joint action might be proposed.

4. Conclusion

Formulating targeted adaptation strategies and policies is extremely difficult as it
is hard to quantify emission values driving climate change effects. Nonetheless,
Kuwait needs to develop an adaptation and development plan with various sce-
narios to address any issues faced regarding food accessibility and security due
to climate change with a sense of urgency. A climate change adaptation plan needs
to outline long-term and short-term action plans and goals by mid and end of the
21°* century. Any adaptation strategy should involve or include community ac-
tion to enable local participation towards a shared collective societal responsibil-
ity. Furthermore, an adaptive strategy capable of handling emergencies and hazar-
dous crises is absent. To ensure basic nutritional needs are met healthy and sus-
tainable eating habits are sustained. These targets can be expected to be met through
the reduction of food waste and loss, improving existing infrastructural plans,

and trade and subsidy policies towards improving current agricultural practices.
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Table 3. Current Stakeholder roles towards the agricultural, fisheries and livestock sectors in Kuwait.

Stakeholder Organisation Current Role
Type

Public Authority of Agriculture ~ Government e Provide subsidies for farmers directly in and indirectly in the form of
and Fisheries (PAAF) (fertilisers, pesticides, services, vaccination, laboratory analysis, extension
services etc).

e DParticipate in drafting, implementing, and enforcing food laws, regulations
and food standards.

e Agriculture import/export Regulations.

Ministry of Commerce (MOC)  Government e Participate in drafting, implementing, and enforcing food laws, regulations
and food standards (Alomirah et al., 2010).

Ministry of Health (MOH) Government e Participate in drafting, implementing, and enforcing food laws, regulations
and food standards (Alomirah et al., 2010).

e Preparation, anticipation, and prevention of health issues related to climate
change (EPA, 2019).

Ministry of Electricity and Water Government e Data collection.
(MEW) e Monitoring and evaluating networks.
e Construction of new wells (EPA, 2019).
e Technical assistance and training and education in the sector (EPA, 2019).

e Subsidised electricity and water.

Kuwait Municipality (KM) Government e Participate in drafting, implementing, and enforcing food laws, regulations
and food standards (Alomirah et al., 2010).

Kuwait Institute of Scientific Government/ e Participate in research services and projects (also collaborations with the
Research (KISR) Private UN, PAAF, PAIL KU and EPA).
¢ Education and technical training.
Kuwait University (KU) Government e Research services and projects.
e Education and technical training.
Public Authority of Industry Government e Standardization Committee
Public Authority for Applied Government e Education and technical training.

Education and Training (PAAET)

Kuwait Environmental Protection Government e Education and technical training.

Agency (KEPA) e Laboratory analysis, extension services.

Kuwait Foundation for the Private NGO e Funds research institutions, scientists and projects, mainly Kuwait

Advancement of Science (KFAS) University and KISR.

United Nations (UN)/Food and NGO e Kyoto agreement -Primarily concerned with mitigating climate change by

Agriculture Organization of the reducing carbon dioxide (CO:) emissions and sequestering it from the

United Nations (FAQO) atmosphere (Reiche, 2010; UNFCCC, 2009; Bittig et al., 2008; Behnassi et
al,, 2019).

e Habitat III (Food security and strengthening of urban-rural linkages for
sustainable urban development (FAO, 2017).

Arab Forum for Environment NGO e Periodical report on the state of the environment and natural resources in
and Development (AFED) the Middle East.
e Discuss regional reports on environmental matters and investigate their
impact on the process of sustainable development in the Middle East.
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Continued

Council of Arab Ministers NGO
Responsible for the Environment
(CAMRE)

Joint Committee on Environment NGO
and Development in the Arab
Region (JCEDAR)

Center of Environment and NGO
Development for Arab Region
and Europe (CEDARE)

Gulf Cooperation Council (GCC) NGO

Work with the business community in the Arab world to develop corporate
Environmental Responsibility Programs, adopt sustainable practices and
move towards cleaner production technologies.

Cooperating with the media and the advertising sectors to promote
environmental awareness.

Working with educational institutions on scientific research.

Supporting networking of NGOs active in the domain of environment and
development and coordinating joint programs.

2004/2005 Arab Environmental action program.

Desertification Combat to increase the arable lands and to enhance the
nomadic environment.

Specify guidelines to regulate trading in genetically engineered products
and living organisms in the Arab region.

Seminar on water resource integrated management.

Awareness-raising seminar on means of facing the depletion of natural
resources and wildlife.

Promote the concept of cleaner production and to establish national
centres for cleaner production.

complete establishing a descriptive (qualitative) and statistical database.

Follow up on all the actions and meetings of the UN International
Convention for Combating Desertification and the International
Convention on Biodiversity.

Establish an Arab bank for genetic plant species in the Arab region.

Test the indicators of desertification in a selected number of countries.
Specify guidelines to regulate trading in genetically engineered products
and living organisms in the Arab region.

Hold seminars on the complementary activities that integrate the three
international environmental agreements (desertification combat,
biodiversity and climatic changes).

Organize a training course on means of preparing projects for the
rehabilitation of the degraded land to be presented to the donation
organizations.

Hold a practical seminar on case studies of rehabilitation of degraded lands.
Call for a meeting of national contact (liaison) offices of the International
Convention on Biodiversity to address the actual implementation of
strategies and action plans for the aquatic biodiversity in the Arab region.
Organize an awareness-raising seminar on means of facing the depletion of
natural resources and wildlife, accompanied by reviewing case studies of
some countries e.g. Somalia.

Hold a seminar on water resource integrated management (JCEDAR,
2003).

Provide accredited training, rehabilitation and education programmes.

GCC Unified Customs Law and Single Customs Tarift” (UCL)-five per cent
on almost all imported foods and a single-entry point policy, a unified
guide for controls on imported food (Alomirah et al., 2010).
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Continued

Kuwait Farmers Federation (KFF) NGO

Poultry Breeders Cooperative NGO
Association

Society of Agricultural Engineers NGO
Union of Productive Societies NGO

Kuwaiti Federation of Livestock NGO
Breeders

Union of all cow breeders and NGO
fresh milk producers

Kuwait Beekeepers Association NGO

World Health Organization NGO
(WHO)
World Bank NGO

Working towards updating food laws, creating unified standards and
conformity assessment systems that are consistent with international,
regional and national needs (Alomirah et al., 2010).

Subsidies for diesel.
Technical and educational support for members.

Technical and educational support for members.

Technical and educational support for members.
Technical and educational support for members.

Technical and educational support for members.

Technical and educational support for members.

Technical and educational support for members.

Technical and educational support for members.

Strategic advisory services program (generator and connector of

development knowledge).

Monitoring programs should also be placed to track targets and the progress of
these actions, with a contingency plan if these plans do not progress accordingly.
The ability for stakeholders to cooperate will be key to maintaining a safe future

for all the residents living in Kuwait.
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