
Citation: Rajabi, Z.; Tariq, M.A.U.R.;

Muttil, N. An Estimation of Virtual

Trades of Embedded Water and Land

through Sri Lankan Seasonal Crops’

Trades to Improve the Cropping

Preferences. Water 2022, 14, 4101.

https://doi.org/10.3390/

w14244101

Academic Editor: Maria Mimikou

Received: 31 October 2022

Accepted: 12 December 2022

Published: 15 December 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

water

Article

An Estimation of Virtual Trades of Embedded Water and Land
through Sri Lankan Seasonal Crops’ Trades to Improve the
Cropping Preferences
Zohreh Rajabi 1 , Muhammad Atiq Ur Rehman Tariq 1,2,3,4,* and Nitin Muttil 1,2

1 Institute for Sustainable Industries & Livable Cities, Victoria University, Melbourne 8001, Australia
2 College of Engineering and Science, Victoria University, Melbourne 8001, Australia
3 Centre of Excellence in Water Resources Engineering, University of Engineering and Technology,

Lahore 54890, Pakistan
4 College of Engineering, IT & Environment, Charles Darwin University, Darwin 0810, Australia
* Correspondence: atiq.tariq@yahoo.com

Abstract: Due to the increase in population, growing urbanization, and higher demands for processed
and unprocessed foods, resources related to food production have become scarce. Water and land
can be considered as the primary resources to determine the crop production potential of a country.
Ideally, countries that lack water and land resources can import these in virtual form. Sri Lanka is a
country rich in water resources that faced bankruptcy recently. This study analyzes and explores the
potential for use of land–water resources in Sri Lanka. A comprehensive framework is generated to
identify the virtual land–water trade by considering ten major imports and nine major export crops
in Sri Lanka. Consequently, the top ten imports/exports and top ten import/export trade partners
are identified. The analysis reveals that Sri Lanka is a heavily import-dominant country, having seven
times higher imports compared to exports. The country imports wheat, which is 82% of its import
crops, and the same crop is the largest export (85% of crop export). Compared to its trade partners, Sri
Lanka has sufficient water resources, but availability of arable land is limited. Banana is the largest
export of the country, which involves higher embedded water and less land, matching the resource
availability to Sri Lanka, whereas the trade partners are expected to continue importing the crop due
to their water and land stress conditions. Finalization of the long-awaited agriculture policy of the
country is strongly recommended.

Keywords: water scarcity; food scarcity; virtual water; agriculture; trade; agricultural intensification;
agricultural land expansion

1. Introduction

Rapid population growth puts restraints on food, water, and energy resources and
challenges the sustainable management of natural resources [1–3]. China has experienced
a vast loss in agricultural land and a tremendous increase in food imports in the last
three decades [4]. About 800 million people in the developing world are suffering from
malnutrition. The world’s population is expected to increase to 9.3 billion by 2050 [5]. This
rapid change can aggravate negative impacts, including food scarcity. Due to population
growth and lifestyle improvements, food production should be increased 66% regarding
crops and 76% in terms of livestock production [6]. This requires an increase in agricultural
production efficiency in both developing and developed countries. Research demonstrates
the necessity of sub-Saharan Africa to generate twice the production to meet the demand
in 2050 [7,8].

Agricultural trades help to address national scarcity of food by spatial redistribution
of food from the food generators. Agricultural exports are a significant source of revenue
for some countries, and imports are crucial for food security in others. Agricultural trade
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helps to mitigate the shortage in land and water resources for many island countries [3].
For various reasons, there have long been concerns about how international trade might
improve or hinder society’s ability to balance different social and economic goals [9].

At the same time, the primal resources related to agriculture, such as water and land,
have also become limited. These resources are under stress due to expansion in urban and
pre-urban areas [10,11]. In addition, the water and land resources are becoming polluted
due to industrialization, and the availability of those resources has been further reduced
consequently. With expanding economies, efficient land use has increasingly become a
pressing issue [3]. Maximizing land use paves the way to growing economies [11,12]. An
annual increment rate of 5.73% of virtual land flow is observed from 1986 to 2016 at the
worldwide level, which shows further dependency of regions on international trade to
meet their agricultural requirements [11].

It has been widely believed that nations that rely on irrigation water to grow low-value
food crops are misguided. Around 70% of blue water is used for food production [13]. The
water used to irrigate these crops could be more valuable than the products themselves.
Countries with severe water shortages should instead grow food with cheap water by
sourcing it from regions with surplus water [14]. When a country exports a water-intensive
commodity to another country, they actually export water, and the other country saves that
amount of water [15].

Water content that involves the full cycle of production is ‘embedded’, meaning the
water contained can no longer be used for other purposes. As per many reasons, some
countries import and export those products as virtual water trades. Virtual water is the
amount of freshwater consumed by the commodity from the start to end of the process [16],
while virtual land is the area of land consumed by the production chain of a commodity. In
the same way, limitations in land availability and international trade aid the land scarcity
of island countries as water and land have been virtually transferred with goods [17,18].
The concept of virtual flows of water and land helps to understand the amount of land
and water moving not just throughout the world but also between the regions within a
country [19]. Virtual water flows are an integral part of sustainable water management.
They can also be utilized in integrated water resources management (IWRM) to address
the issue of food security [20]. Countries with either or both resources being crippled
can still sustain by importing products that embed significant quantities of water and/or
land [3,13].

• The concept can even be used by countries with ample land and water resources to
increase the resource values further.

• The concept can play a role to curtail negative ecological impacts due to deforestation,
which are associated with urbanization and higher agricultural production [21,22].

• The concept of virtual water and land trade helps in agricultural intensification and
agricultural land expansion.

• The concept develops and interlinks between the physical quantities of agricultural
products to sociological, economic, and anthropogenic domains [3].

According to an FAO report, agricultural trade across the world has grown quickly, and
international imports/exports range from 0 to 20% [7]. Furthermore, the USA, Argentina,
and Australia export 50% of their domestic food supply, and northeast Africa, South Asia,
including Sri Lanka, and China are known as net importers.

1.1. Land and Water Resources of Sri Lanka

Sri Lanka is an island with an area of 65,610 km2 located in the Indian Ocean. The
country has limited area for agriculture production of 42% (27,556 km2) but is rich in
water resources [23]. Sri Lanka depends on rain for its freshwater resources’ requirements.
The mean rainfall varies between 2500 and 5000 mm in the wet zone of the country, and
the dry areas receive a mean rainfall of 1250 mm annually [24]. The country has two
major cultivation seasons: Yala and Maha. Maha is considered as the main season, which



Water 2022, 14, 4101 3 of 28

immediately starts in October, and, usually, Yala season starts in April, which has less
harvest. However, Sri Lankan agriculture is particularly susceptible to climate change [14].

The Sri Lankan economy is profoundly influenced by agriculture; a momentous
amount of gross domestic product is contributed by this sector. Most of the people in the
country, about 80% of the population, depend on agriculture [25], mainly importing wheat,
potatoes, maize, and peas, in addition to exporting wheat, bananas, peppers, pineapples,
lemon, and limes. The Sri Lankan population’s livelihood is heavily intertwined with
agriculture. About 23.5% of jobs are provided by the agricultural sector, and 72% of the total
population livelihood is indirectly connected to the agricultural sector [26]. Accordingly,
the population of Sri Lanka is expected to grow by 2.4 million by 2050.

Being a country rich in water resources, Sri Lanka has the potential to contribute
towards the global food market. With efficient utilization of water and land resources, Sri
Lanka can increase the market value of its agricultural products to support the country’s
economy. It is essential, at the same time, to analyze the potential environmental impacts
of virtual water flows and how they can be utilized. For instance, in Sri Lanka, they have
not been utilized to improve the water quality [27]. Sri Lanka requires fixing the issues
related to agriculture and water management to gain the maximum out of the available
water resources. The water resource managers are struggling to communicate with the
policymakers about the latest approaches related to water efficiencies [14]. Efficiencies of
virtual waters and lands are closely related to the policies and strategies of a country [4].
The country needs major legislative and policy changes to not just avoid the negative
impacts of climate change but to take advantage of its water resources [28].

1.2. Problem Statement

Figure 1 illustrates the ratio of total water withdrawal to available renewable water
supplies. The scale is in a range of 0 to 1, with 1 being greater exposure to water stress.
Nearly 1.8 billion of the world’s population is in 17 countries colored in dark blue that have
the potential to have severe shortages in the future. Sri Lanka has a score of 3.66, which
is higher than average. From the content of water they use, 80% is blue and green water,
which is drying up day by day due to climate change, so agriculture and production of
goods are threatened [29]. Water stress or scarcity can be found in two different meanings
as physical and economic scarcity [30]. With the increase in water demand, one-third of the
world population is suffering from physical water scarcity.
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Sri Lanka is a country that has an annual rainfall of 2200 mm, while neighboring
India is 1100 mm and Australia is 455 mm [31]. The concern is how Sri Lanka became
a victim of water scarcity despite high rainfalls. As of now, Sri Lanka has become one
of the water-scarce countries and is financially bankrupt. On the other hand, Sri Lanka
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uses 85% of the available water for agriculture [31]. According to Figure 2, an economic
perspective/analysis is required to promote efficient methods of agricultural practices.
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1.3. Research Objectives

The aim of this research is to analyze the Sri Lankan circumstances to produce high-value
agricultural products considering their trade potential and land and water resources involvement.

The task is accomplished by analyzing the factors impacting water scarcity and eco-
nomic rent of land use while considering economic, water, and land scarcity in Sri Lanka.

A deep understanding of water and land scarcity in Sri Lanka is required to develop
its correlation to trade and to identify critical trade partners for the future. This, in return,
may help in identifying suitable agricultural practices and resource-conserving practices to
improve agricultural productivity and sustainability within Sri Lanka.

The scope of this research includes:

1. An overview of land and water resources in Sri Lanka
2. Trade balance of virtual water and land
3. Identification of efficient crops
4. Evaluation of major trade partners in terms of net flows

2. Literature Review

As agriculture covers a major part of a country’s economy, it acts as a medium that
assists virtual water transfer through the world. In the last few decades, there has been cu-
mulative growth in global agriculture trade [7]. The merchandise volume has become three
times faster than the cumulative economic output growth. Largely, developed countries
have become unresponsive to the demand, and the products that are high in demand have
been affected by those limitations in demand. However, developing countries respond
insufficiently towards reducing the net exports of agricultural products.

Several factors determine the extent of virtual water trade, such as climate change, an
increase in population, and economic growth. Climate change is a major challenge for agri-
culture and other products. Certain crops consume a massive amount of water throughout
their lifecycle. It is a challenge to the country’s water security. Climate change can directly
or indirectly influence agriculture, including the economy, employment, etc. [32,33]. Cli-
mate change is expected to worsen the food production capabilities of many countries [34].
According to Intergovernmental Panel on Climate Change (IPCC), temperatures will in-
crease by 30% over the next 100 years [33]. As the temperature on Earth increases, the effect
of climate change becomes more apparent; sea levels rise, weather patterns change, the fre-
quency of disasters increases, and dry areas grow drier. The ability of different countries to
cope and adapt to change varies according to their economic and environmental status [35].
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In a worst-case scenario, up to 170 million additional people can be at risk of hunger by
2080 [36].

Rapid emergence and growth in global trade in agricultural products have led to a
significant increase in the number of studies about the virtual water trade of these products.
Due to the large amount of water used for food production, there is a growing need for
more research on this subject [37]. In the global context, Hoekstra and Hung explored
the effects of virtual water trade on the water resources of different countries [38]. In a
study conducted by Chapagain and colleagues, they analyzed the effects of virtual water
trade on the budgets of different countries, including Sri Lanka [39]. They then used a
spatial-explicit method to calculate the water footprint of different agricultural products
from 1996 to 2005. They found that trade in crop products accounts for 76% of the total
international virtual water flows, while trade in industrial and animal products contributes
12% [39–41]. In 2004, Chen and Chen performed a multi-region study to investigate the
effects of virtual water trade on the world’s water profile [37,42]. It was also concluded that
the global trade in agricultural products has evolved along with the food trade [15].

There has been much research on the virtual water flows in agricultural products,
such as in Egypt. This research investigates the current water and food security situation
in Egypt and explores the various policies and measures that have been implemented to
address the challenges. The paper shows how virtual water can be used within a broader
framework [43–45], the European Union. The United Kingdom is a net importer of virtual
water. It relies on the European Union for a sizable portion of its water supply. During
the 2000 to 2012 period, the country imported a significant amount of virtual water from
the EU. The economic effects of the trade between the two countries were positive, while
the intensity of the virtual water flows was negatively affected. The findings of this study
suggest that the UK’s post-Brexit trade position can provide useful recommendations [46].
Further studies analyzed Iran’s virtual water flows using a multiregional input–output
framework, also considering the external and internal water footprint of each region. The
results indicated that the country’s northern region is a net importer of virtual water, while
the severely water-scarce regions are net exporters [47–50]. Another paper analyzed the
relationship between the development and population of Africa and the virtual water trade.
It found that the increasing number of virtual water imports does not lead to a reduction
in the country’s human welfare or increase its population growth. It also established a
new index that measures the openness of the virtual water trade [51]. Further studies
analyzed China’s virtual water flows from its agricultural products trade from 2001 to 2013.
It found that the country was in a trade surplus concerning its virtual water trade. The
country’s total virtual water export was 29.94 billion m3 per year, while its total virtual
water import was 155.55 billion m3. The trend in China’s export of virtual water per year
was declining, while its import was increasing [42,52,53]. A study on India’s virtual water
trade was conducted for the first time to consider the specific contents of livestock and crop
products from its partner countries, finding that the country’s average virtual water export
is 59 billion cubic meters per year and its import is 32.6 billion cubic meters per year. The
net value of its virtual water import is 26.4 billion cubic meters [54] and more.

Some investigations regarding the water trade balance of agricultural products for
many countries have been conducted in recent years [48,55]. The virtual water trade within
a country or across the states/regions has also been conducted in some countries [19].
Gkatsikos and Mattas conducted a study to investigate the virtual flow of water within the
dry and water-scarce region of the Mediterranean considering agricultural products [18].
Sustainable economics for agricultural practices are strongly linked to water pricing, al-
though a sensitive political topic [13]. Zhang et al. [52] conducted a comprehensive study
of China’s international virtual water flows from agricultural products trade and provided
a diachronic analysis from 2001 to 2013.

Zhang et al. [52] classified trade partners in terms of the ratio of virtual water being
imported and exported. Qiang et al. identified countries at the global level as land
importers, exporters, or balanced ones [11]. At present, China is running short by 30.8% of
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agricultural land to meet its food requirements and must import from other countries [56].
Qiang et al. concluded that income growth and changes in diet structure are the main
factors driving increases in virtual land trade [11]. Wu et al. [57] estimated the virtual flow
of water, land, and carbon emissions for staple crops at the interprovincial level in China.
Ma and Ma used CROPWAT to estimate the water footprints of agricultural products [19].
Yawson [58] used the projected population estimates and expected land use changes for
the United Kingdom (UK) to estimate the barley needs in the 2050s.

An analysis of the natural resources used by agricultural businesses is important
for assessing the effects of trade on the environment. The term virtual water refers to
the volume of water that is used in production and consumption of food crops [59,60].
According to Zehnder and Yang, food imports are virtual water users, which means that
they are transferring water between countries. In 2001, Wichelns defined virtual land as the
productive areas that are hidden within the products that are exported or imported from
agricultural businesses. This concept can be applied to the various natural resources that
are used by agricultural businesses [21,61]. From a national perspective, the increase in
domestic land area due to the production of fibers and food is being caused by the virtual
land outside the national borders.

The term virtual land refers to the collection of resources that are used in international
trade. This makes it easier to interpret and communicate to policymakers and the public.
The concept of ecological footprint analysis was developed by John Rees in 1992. It aims to
estimate the bio-productive area that a society needs to maintain its resource consumption
and waste assimilation [62]. Various methods and concepts have been used to explain the
relationship between the hidden resource use in agricultural trade and the production of
food. In 1965, Borgstrom presented the concept of ghost acreage to illustrate the invisible
use of cropland in trade of agricultural products [63].

In 2006, Wrtenberger and colleagues defined virtual land as the areas that are hidden
in the products that are imported or exported. This study aims to provide a comprehensive
analysis of the various land resources that are used in international trade [21]. Various
reports have been presented regarding use of land area and agricultural products in
international trade. In 2004, Erb used country-specific yields to determine Austria’s actual
land demand and found that, during the 1926 to 2000 period, the country was a net importer
of arable land [64]. In 2010, Nonhebel and Kastner noted that the Philippines’ virtual use
of land for food production increased significantly. From 1980 to 2010, the share of land
used for food production increased from 15% to 30% [65]. In 2010, Kissinger and Rees
analyzed the productive land that the US imported from 1995 to 2005. They found that
even countries that can meet most of their food needs have increasing concerns about their
external terrestrial ecosystems [66].

In 2011, Fader and colleagues analyzed the virtual land balance in international trade [22].
They found that the US, Australia, Argentina, and Canada were net exporters of virtual land.
On the other hand, some Mediterranean and Asian countries were net importers [67]. The
framework has been further enhanced by considering the numerous factors that affect produc-
tion and consumption of agricultural products. For instance, the level of local productivity can
be used to estimate the ecological footprint of a country [62,66,68–71].

Water-rich countries such as Sri Lanka have been criticized for their dependence on
water [72]. According to the data collected from 1995 to 1999, central and southern Asian
regions have the highest gross virtual water imports and Sri Lanka has a net virtual water
import of 85,693 (106 m3/yr) [73] (refer to Figure 3).
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Figure 3. (A) Gross virtual water trade between world regions in the period 1995–1999 (Gm3), (B) net
virtual water imports of central and southern Asian countries (106 m3/yr).

3. Methodology

Based on extensive literature review in Section 2, the analysis will cover the climatic
conditions of Sri Lanka, trade balance of the country over a decade, and estimation of
virtual water being traded as well as the land.

3.1. Climatic Conditions

The climate of Sri Lanka is composed of various atmospheric elements, such as tem-
perature, humidity, and precipitation. It can also vary due to the country’s location. For
instance, within the tropics, the climate of Sri Lanka is tropical [74]. The southern half of Sri
Lanka is characterized by its mountainous terrain. The central highlands region features
numerous topographical features, such as peaks, valleys, and ridges; the rest of the country
is flat [75]. However, some areas are characterized by small hills that rise abruptly from the
lowlands. These topographical features affect the development and intensity of various
climate elements, such as rainfall, temperature, and humidity, as shown in Figure 4. They
can also influence the spatial patterns of wind and precipitation [76,77].
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The annual rainfall in Sri Lanka is mainly attributed to the country’s multiple natural
phenomena, such as the monsoonal, depressional, and convectional rain [78]. The mean
annual rainfall in the country varies from around 900 mm in the southern and northwestern
regions to over 5000 mm in the western highlands [79–81].

The air temperature in Sri Lanka is different from that of other countries due to the
country’s altitude. According to Figure 5, The monthly temperatures are also influenced
by the seasonal movement of the sun. On the other hand, the annual temperature varies
widely across the country. In the lowlands, the annual temperature ranges from 26.5
degrees Celsius to 28.5 degrees Celsius. In the highlands, the temperature drops quickly as
the elevation increases. In Nuwaraeliya, the annual temperature is 15.9 degrees Celsius.
The warmest month of the year is in April and August. On the other hand, the lowest
monthly temperature is in January. The annual temperature in the coastal lowlands ranges
from 27 degrees Celsius to 16 degrees Celsius. In the central highlands, it is around 16
degrees Celsius [80]. This unique feature, which can be seen in the presence of rainforests
and sunny beaches, is a popular tourist destination [51,82,83].
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3.2. Trade Balance of Sri Lanka

Sri Lanka’s trade deficit fell to USD 404 million in May 2022 from USD 716 million a year
earlier as imports declined, and exports grew. The trade gap was the smallest since August 2020
as the rupee depreciated against the dollar. Imports dropped 9.7% to USD 1451 million, mainly
due to lower purchases of consumer goods, such as vegetables and dairy products [84,85].
Purchases of intermediate goods, such as chemicals, plastics, and articles, decreased by 0.9%.
On the other hand, investment goods dropped by 21.7%, mainly due to a decline in purchases
of machinery and equipment, building materials, and construction equipment. Exports also
grew by 17.5% to reach USD 1047 million, mainly due to sales of industrial products, petroleum
products, and textiles [86]. The trade gap decreased to USD 3535 million in May 2022 from USD
3663 million a year earlier. During the first five months of this year, the surplus was also lower,
at USD 1047 million [87].

3.3. Virtual Water Trade

Trade is very important for a global economy to keep moving forward. It can help
consumers by giving them a variety of options and increasing competition. It can also help
businesses produce high-quality goods and cost-efficient products [88]. Through virtual
water flows, we can obtain a deeper understanding of the water footprint of Sri Lanka’s
production and consumption. Virtual water trading can affect the security and political
relations of nations. It can also lead to economic disruption and political conflicts. The per
capita consumption of water varies depending on several factors, such as the country’s
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diet, lifestyle, and economic status [89]. As a result, regions with water deficits can use
their limited reserves to conserve their water. The study of virtual water has gradually
evolved into a spatial and temporal evolution. It combines the various research content
related to virtual water trade, such as the water footprint, economic development, and
impact assessment [90]. This makes the study of virtual water more complete. Despite the
numerous results of the virtual water trade study, there are still many limitations. These
include the lack of reliable data, the complexity of the model, and the data gap. There has
been a great deal of research published about the concept of virtual water, but the focus
of these studies is mainly on agricultural sectors [91]. Despite the progress that has been
made in the field of virtual water research, there are still many steps that need to be taken
to improve its accuracy and predict its future. This discipline is an interdisciplinary one
that involves the study of various factors, such as socio-economy, ecological environment,
and hydrology [37,45,46]. This research is focused on virtual trade of agricultural products.
It is generally believed that the water content of a product is equal to its production water
footprint. Before calculating the virtual water trade volume, the method used to calculate
the virtual water of a crop is the crop water requirement method. The models frequently
used in the calculation process include the CROPWAT model. CROPWAT 8.0 [92] was
designed by FAO, based on Penman–Monteith model, and the crop water requirement is
computed by estimating the accumulated crop evapotranspiration, ETc (mm/ day), which
is obtained by multiplying the reference crop evapotranspiration ET0 by the crop coefficient
Kc [93]. In this section, a detailed description of the process required for virtual water
quantification is provided.

3.3.1. Specific Water Demand

Average specific water demand per crop type could be calculated according to FAO data
and crop water requirements and crop yields [38,94]. The following equation will be applied:

SWD[s, c] =
CWR[s, c]

CY[s, c]
(1)

Whereas:
SWD is the specific water demand (m3 ton−1) of crop c in Sri Lanka s
CWR is the crop water requirement (m3 ha−1)
CY is the crop yield (ton ha−1)
Correspondingly, the crop water requirement (CWR) (m3 ton−1) could be calculated

implementing the following formula: CROPWAT software tool is used for this purpose.
Also,

ETc = Kc × ET0 (2)

Whereas:
ETc is accumulated crop evapotranspiration (mm/day) over growing period.
ET0 is reference crop evapotranspiration
And Kc is crop coefficient.
The reference crop evapotranspiration (ET0) can be calculated using Penman–Monteith

equation [93,95].

ET0 =
0.408∆(Rn − G) + γ 900

T+273 U2(ea − ed)

∆ + γ(1 + 0.34U2)
(3)

Whereas:
ET0 is the reference crop evapotranspiration [mm day−1]
Rn is net radiation at the crop surface [MJ m−2 day−1]
G is soil heat flux [MJ m−2 day−1]
T is average air temperature [◦C]
U2 is wind speed measured at 2 m height [m s−1]
ea is saturation vapors pressure [kPa]
ed is actual vapor pressure [kPa]
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ea − ed is vapor pressure deficit [kPa]
∆ is slope of the vapour pressure curve [kPa ◦C−1]
γ is psychrometric constant [kPa ◦C−1]
The graphical explanation of specific water demand is shown in Figure 6.
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3.3.2. Virtual Water Estimation

The virtual water trade is calculated using the following formula:

VWT[ne, ni, c, t] = CT[ne, ni, c, t]×SWD[ne, c] (4)

Whereas:
VWT is the virtual water trade (m3 yr−1)
CT represents the crop trade (m3 yr−1)
SWD represents the specific water demand (m3 tonne−1)
ne exporting country
ni importing country
t year
c crop
The gross virtual water imports to a country can be calculated using the following formula:

GVWI[ni, t] = ∑
ne ,c

VWT[ne, ni, c, t] (5)

The gross virtual water exports from a country can be calculated using the following formula:

GVWI[ne, t] = ∑
ni ,c

VWT[ni, ni, c, t] (6)

The virtual trade balance of the country can be calculated using the following formula:

NVWI[x, t] = GVWI[x, t]− GVWE[x, t] (7)

3.4. Virtual Land Trade

The concept of economic rent (ER) helps in assessing land-use efficiency. Economic
rent is commonly defined as the net annual income associated with a resource [96]. ER of
a land-use may be computed as the average of the annual net returns discounted to their
present value. If ‘Rn’ is the annual net return from the unit land area in year ‘n’, assuming a
constant discount rate ‘r’, then the economic rent ‘ER’ over the time ‘t’ will be the average
of discounted annual net returns. This relationship can be expressed in the following way
(Equation (8)):

ER =
n=t

∑
n=0

Rn

t(1 + r)n (8)
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The net annual return to unit land can also be defined as the gross annual return minus
the annual total non-land costs and is synonymous with economic efficiency returns [96].

3.4.1. Estimation of Virtual Land

Land can be saved or lost by importing or exporting. To analyze that, imported virtual
land and exported virtual land can be calculated.

IVLC =
9

∑
i=1

5

∑
y=1

Ic,i,y

Yec,i,y
(9)

Ic,i,y, Ec,i,y are import and export quantities of crops I, country c, and year y. Yec,i,y
means the yield of cereal i, country c, and year y.

Exported virtual land could be calculated using the following formula.

EVLC =
9

∑
i=1

5

∑
y=1

Ec,i,y

Yec,i,y
(10)

Land saving can be calculated as subtracting imported virtual land by exported virtual
land, and global total land saving can be calculated by using the following equation.

GNLS =
9

∑
i=1

GNLSi =
9

∑
i=1

∑5
y=1

(
∑n

c=1
Ic,i,y

Yec,i,y
∑n

c=1
Ec,i,y
Yec,i,y

)
5

 (11)

3.4.2. External Land Dependency

The land is a limiting factor in many countries. Its availability depends on the biodiver-
sity in each country. Therefore, it is practical to import land in the virtual format as above.
The countries that import more land from other countries have more dependency [3]. To
calculate each country’s external land dependency, following equation can be used.

ELDc =
5

∑
y=1

 ∑9
i=1

Ic,y,i
Yec,y,i

∑9
i=1 HAc,y,i

 (12)

The area of virtual land flowing between two countries can be calculated using the
following equation.

VIec−ic =
∑9

i=1 ∑5
y=1

Eec−ic,i,y
Yeec,i,y

5
(13)

Finally, the net land saving can be calculated as follows.

NLSec−ic =
∑9

i=1 ∑5
y=1

( Eec−ic,i,y
Yeic,i,y

− Eec−ic,i,y
Yeec,i,y

)
5

(14)

A positive value of NLS means the country saves land using trade. In this research,
the same as saving land using virtual water trade, the amount of water that a particular
country can save using virtual water trade can be carried out.

4. Results and Discussion

Information regarding import quantity and export quantity of agriculture crops from
2010 to 2020 has been gathered from FAOSTAT and has been analyzed with the virtual
water content data. In this research, total virtual water content has been considered rather
than considering the blue, grey, and green water content. The standard units of virtual
water content are m3/kg, and, by multiplying the quantity of exports and imports, the
number of liters can be calculated.
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4.1. Analysis of Significant Crops

As identified in Section 3.2, ten major imports and nine major exports were identified. The
analysis identified major imports and exports as well the water and land resources involved.

4.1.1. Import Crops

An analysis of the data collected between 2015 and 2020 [97–100] indicates that the
main crops imported to Sri Lanka are wheat, potatoes, peas, and maize. However, the
quantity of wheat imported is significantly more than other crops. Overall, imports of
wheat, peas, and beans are increasing. Imports of onions, potatoes, and grapes are steady.
Imports of oranges, maize, tobacco, chilies, and peppers are disturbingly decreasing. The
total quantities of the top ten crops imported from 2010 to 2020 are shown in Table 1.

Table 1. Top ten imports of Sri Lankan crops based on last eleven years (2010–2020), (N Positive
change in import of crops from 2010–2020, H Negative change in import of crops from 2010–2020).

Sr# Crops
Quantity

(kt)
2010–2020

Fluctuations Change

1 Wheat 11,692.85
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2 Potatoes 1414.57 N9.81%
3 Maize 602.24 N49.27%
4 Peas 415.87 N34.27%
5 Grapes 44.27 N34.42%
6 Oranges 28.06 H261.49%
7 Onions 22.45 N94.75%
8 Tobacco 12.70 N52.36%
9 Beans 7.05 N78.33%
10 Chilies and peppers 0.79 N59.90%

Wheat is the major import of Sri Lanka (82% of crop imports). According to data [101],
Canada (521 kilotons (kt)) and Russia (505 kt) alone supply 70% of the total import of
wheat to Sri Lanka. The following 30% is covered by countries such as the United States of
America, Ukraine, India, etc. Pakistan (1.2 kt) supplies more than 85% of the total import
of onions (the second largest import) to Sri Lanka. The remaining top four importers of
onions cover less than 10%, which includes India, China, Singapore, and the US. India (38
t) can be considered the sole provider of pepper to Sri Lanka, covering 95% of the total
import of this commodity. Indonesia (1.3 kt) supplied 37% of the total import of tobacco in
2020. Sri Lanka imported 138 kilotons (kt) of potatoes in 2020, and 57% was imported from
Pakistan (79.4 kt). The most significant importer of peas to Sri Lanka is Ukraine (24.6 kt),
which covers 48% of the total import, as shown in Table 2.

Table 2. Top ten importers of Sri Lankan crops based on last ten years (2010–2020). (N Positive change
in imports from trade partners from 2010 to 2020, H Negative change in imports from trade partners
from 2010 to 2020).

Sr# Country Quantity (kt)
2010–2020

Fluctuations Change

1 Canada 6318
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H77.93%
2 Pakistan 1976 N10.08%
3 Russia 1937 N99.53%
4 United States 1191 N43.33%
5 Australia 1054 H976.32%
6 India 997 N52.82%
7 Ukraine 349 N97.45%
8 China 317 N80.24%
9 Bangladesh 65 N74.39%

10 Netherlands 36 N90.13%
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Based on the import data (2010–2020), Canada, Pakistan, Russia, USA, Australia, and
India are the major contributors, covering 95% of crop imports. These top six exporters to
Sri Lanka are shown in Figure 7.
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Although 70% of the wheat is being imported from Russia and Canada, the remaining
30% is covered by countries such as the United States of America, Ukraine, India, etc.
According to the data collected between 2015 and 2020 [97–100], the fastest-growing wheat
import partners are India, Russia, and the United States. Meanwhile, imports of wheat from
countries such as Australia, United Arab Emirates, and Canada are rapidly declining. The
remaining top importers of potatoes are China, Netherlands, India, Bangladesh, and more.
The fastest growing import countries are United Arab Emirates (+526%), Netherlands, and
China. Imports of potatoes from India have decreased by 22% from 2015 to 2020. Other
significant importers of peas include Australia, Canada, Russia, and United States. Overall
imports from major partners are growing rapidly. Overall imports of peas have increased
by 30.7 kt since 2000. In 2016, the total import of maize was 59.8 kt, but this value increased
by 125. 2 kt in one year. Ever since, the total import is rapidly decreasing. The total weight
of maize imported to Sri Lanka in 2020 was 38.7 kt. The top five importers of maize are
India (8 kt), Pakistan (6 kt), Ukraine (5.8 kt), Romania (5.5 kt), and Myanmar (4.9 kt). The
import of maize has increased by 83% from Turkey in 5 years, and the fastest declining
import partner is Spain (−60%). Sri Lanka imported a total of 4.9 kt of fresh grapes in 2020.
The top importers include China (2.4 kt), India (1.1 kt), South Africa (0.529 kt), Australia
(0.361 kt), and Italy (0.293 kt). From data collected from 2015 to 2020, the fastest declining
import partner is the United States (−24%). The total imports of beans to Sri Lanka halved
from 2019 (8.4) to 2020 (4.1 kt), and 46% of the total import is supported by Myanmar. The
remaining top importers include India, Madagascar, Brazil, and Nigeria. Imports from
Brazil have decreased by 37% since 2015, alarming since Brazil is one of the top five trade
partners. The total import of oranges to Sri Lanka has decreased significantly since 2018.
Sri Lanka imported 9.4 kt of oranges in 2018 and reduced to 3.7 kt in 2020. South Africa (1.8
kt) supplies 50% of the total import, and the remaining is supported by Egypt, Australia,
China, and Singapore. Imports from Egypt have decreased by 18% since 2015. After a
significant increase in import of tobacco to Sri Lanka in 2016, the import of this commodity
has decreased by 27%. Indonesia (1.3 kt) supplied 37% of the total imports of tobacco in
2020. Countries such as India, Italy, Belgium, and the United States of America remain the
top importers, covering 50% of the total imports. The fastest growing import partners are
India and Germany. Since 2015, we have witnessed a continuous decline in imports from
Netherlands, Ecuador, Indonesia, Italy, and United States of America. The fastest growing
import partners for onions are India and Singapore. Vietnam and China equally share the
remaining imports of pepper. According to data collected from 2015 to 2020, the fastest
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declining importer of pepper is United Arab Emirates (−53%). The detailed analysis for
2020 is shown Figure 8.

In terms of quantity, Sri Lankan imports are almost seven times of the imports when
the top ten commodities are compared. Considering net flow, wheat is the largest import
despite being the main export as well. Other than wheat, onions and peppers are crops
that are imported and exported at the same time. About 212 kt of wheat was exported in
2020. The second largest export is banana, with 17.7 kt. Other main exports include pepper,
tobacco, onions, pineapples, peas, lemon and limes, and beans. These commodities are
exported to Vietnam, Japan, Singapore, Malaysia, Saudi Arabia, and United Arab Emirates.
The overall trend in imports shows an increasing trend, which will further extend the trade
deficit for crop trade.
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4.1.2. Export Crops

Data collected between 2015 and 2020 [97–100] show that the top export is wheat. For
a longer period, wheat is imported and exported at the same time. However, the import of
wheat is much larger compared to export (17% of wheat import in 2020). Similar behavior
is observed with pepper and onions. However, other main exports are banana, pineapple,
lemon and limes, peas, beans, and tobacco (refer to Table 3).

Table 3. Top nine exports of Sri Lankan crops based on last eleven years (2010–2020),(N Positive
change in import of crops from 2010–2020, H Negative change in import of crops from 2010–2020).

Sr# Crops Quantity
(kt)

2010–20
Fluctuations

Change

1 Wheat 1337.28
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Vietnam (739 kt) and Japan (500 kt) are the largest partners importing crops from Sri
Lanka in last eleven years, yet their imports are increasing. These countries are followed
by Malaysia, Saudi Arabia, and Singapore. All these countries, except Saudi Arabia, are
importing wheat from Sri Lanka. Saudi Arabia’s main import is banana from Sri Lanka.
Other Middle Eastern countries (United Arab Emirates, Kuwait, Qatar, and Bahrain) also
import mainly banana in addition to onions. A list of the top ten exporters based on the
last eleven years is provided in Table 4.

Table 4. Top ten exporters of Sri Lankan crops based on last eleven years (2010–2020), (N Positive
change in imports from trade partners from 2010 to 2020, H Negative change in imports from trade
partners from 2010 to 2020).

Sr# Country
Quantity

(kt) 2010–2020 Fluctuations Change

1 Vietnam 739
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In 2020, Sri Lanka exported a total of 212 kt of wheat (refer to Figure 10). According
to the data collected between 2015 and 2020 [97–100], more than 60% of total export goes
to Vietnam (64.8 kt) and Japan (63.5 kt). Sri Lanka’s remaining top export partners are
Malaysia, Singapore, and Maldives. The export of wheat to India (+37%) increased rapidly
from 2015 to 2020, and the fastest decline is United Arab Emirates at a rate of −59%. In
2020, Sri Lanka exported 17.7 kt of banana to Saudi Arabia and Qatar mainly, covering 75%
of the total export of banana. The remaining 18% was exported to United Arab Emirates,
Kuwait, and Bahrain. Export of banana to Kuwait increased at a rate of +26% from 2015 to
2020, while export to United Arab Emirates decreased by −29%. This causes concerns since
United Arab Emirates is the third-largest export partner of Sri Lanka for bananas. From
2015 to 2020 (8.2 kt), the total export of pepper deceased by almost 50%. Sri Lankas’s main
export partner for pepper is India, covering more than 80% of total export. The remaining
20% is exported to Germany, United States, Spain, China, and more. One of the export
partners of Sri Lanka is Saudi Arabia, but exports to this country have decreased by 80% in
the last 5 years. After a peak in 2013 (11.5 kt), the export of tobacco reduced significantly
by 2020; Sri Lanka exported 1.8 kt of tobacco. The top export partners of tobacco from Sri
Lanka are Hungary, Belgium, Italy, United States, and Germany. The fastest growing export
partners are Belgium (+22%) and Hungary (+14%). Export of onion from Sri Lanka has
increased by 1000 t, and 33% of total export of onions goes to Kuwait (402 t). Remaining
top export partners for this product are: United Arab Emirates, India, and Qatar, which
covers more than 47% of total export of onion. Export of onion to Bahrain, Canada, and
United Arab Emirates has increased at the minimum rate of +130% (2015–2020). The fastest
declining export partner is Germany at a rate of −30%. The export of pineapple from Sri
Lanka has decreased by 12% since 2013. The main export partners of pineapple from Sri
Lanka are United Arab Emirates and Germany, at 41% of total export of pineapple, and 34%
of total export of pineapple from Sri Lanka goes to countries such as Germany, Netherlands,
Austria, and Maldives. Export of pineapple from Sri Lanka to Japan is rapidly increasing at
a rate of +33%, and export to Bahrain and Maldives is rapidly decreasing at a minimum of
−48%. Export of beans decreased from 863 t (2012) to 85 t (2020), and 53% of total export of
beans goes to Turkey. The remaining 47% is covered by India, United Kingdom, Maldives,
and Cyprus. Export of beans to Cyprus has increased +73% from 2015 to 2020. In 2020,
Sri Lanka exported a total of 241 t of lemon and lime. This product is mainly exported to
Saudi Arabia and United Arab Emirates, covering 85% of total export. Qatar, Maldives, and
Germany are covering 13.3% of total export. From 2015 to 2020, export of lemon and lime
has increased by +18%, and export to Kuwait and Maldives has increased at a minimum
rate of −43%.
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Remarkably, wheat is one of the top exports as well, which is an indication of a
double manner of trade in Sri Lanka. Through analysis, it was detected that the main
crops exported are wheat, bananas, and peppers. Overall, exports of onions and peas
are increasing. Exports of pepper, wheat, and bananas are steady. Exports of tobacco,
pineapples, beans, olives, lemon, and limes are disturbingly decreasing. The exports of the
top ten crops are decreasing compared to the imports.

4.2. Analysis of Virtual Trade Balances

As defined in the framework described in Sections 3.3 and 3.4, the quantities along
with virtual water and lands are analyzed for each top crop and top trading partner.

4.2.1. Major Virtual Imports

As wheat is the largest import, the crop covers 82% of imports but even higher virtual
water (86%) and virtual land (85%) (refer to Figure 11). More interesting is with the second
largest import (potato), which is 10% of import quantities but carries exceptionally low
imports of water (4%) as well as land (5%). A similar trend occurs with grapes. Contrarily,
inverse differences can be observed with maize, which is 4% in quantity but 5% in virtual
water and the same in virtual land. Peas and oranges show similar behavior.
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Figure 11. Imports of Sri Lanka during 2010–2020: (A) total quantities, (B) virtual water, (C) virtual
land for top ten crops.

Canada is the largest supplier of wheat, followed by Russia (combined 70% of wheat
imports). As wheat carries relatively higher virtual quantities, the virtual quantities are
higher for Canada. All other countries are supplying virtual quantities closely matched to
the quantities of crops except Pakistan, as shown in Figure 12. Pakistan is a major supplier of
wheat, onions, potatoes, and maize. These crops contain lower virtual quantities. Therefore,
despite having 14% imports from Pakistan, virtual water is only 12% and virtual land
only 11%.
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In short, Sri Lanka has imported a total of 11,693 kt of wheat, which is equivalent to
importing 9,114,256 thousand m3 of water and 24,633 km2 of land. Similarly, a total of 1414
kt of potatoes were imported, which is equivalent to 491,936 thousand m3 of water and
1109 km2 of land, and a total of 416 kt of peas, which is equivalent to 447,178 thousand m3

of virtual water and 1223 km2 of land.

4.2.2. Major Virtual Export

Although wheat is the largest export of the country, its impact on water and land
resources has no connection due to seven times higher imports of the same commodity.
However, it is worth noting that the other exports are 12% in quantities export, 16% of
virtual waters, and only 8% of virtual land. This fluctuation is basically driven by banana
exports. Banana being the second largest export (7%) transfers 10% of virtual water but
only 4% of virtual land (refer to Figure 13).
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As far as exports to countries are concerned, there are no major differences in terms of
export quantities and virtual water and land outflows (refer to Figure 14). The only exception is
India, which imports 4% (primarily pepper), which takes 2% each of water and land.
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Figure 14. Top ten countries importing from Sri Lanka during 2010–2020: (A) total quantities, (B)
virtual water, (C) virtual land for top nine crops.

The water and land use data correspond with the quantity of the crops imported. The
quantity of wheat exported is significantly larger than other commodities, even compared
to the top ten exported crops. From 2010 to 2020, a total of 1272 kt of wheat was exported,
which is equivalent to exporting 991,862 thousand m3 of water and 2680 km2 of virtual land.
Likewise, a total of 165 kt of banana was exported, which is equivalent to 120,124 thousand m3

of water and 127 km2 of virtual land. Further, 79 kt of pepper was exported from 2010 to 2020.
This is equal to exporting 16,466 thousand m3 of virtual water and 39 km2 of virtual land.
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4.3. Trends in Water and Land Trade

In 2018, Sri Lanka’s imports and exports contributed over 50% of the country’s GDP [102].
The country’s exports were affected by the disruptions in the global supply chain and the
collapse of the demand for its goods and services. The share of the agriculture sector in the
country’s total exports increased to 23.3 percent in 2020 from 20.6 percent in 2019. However,
the export revenue of the sector decreased by about USD 125 million due to the decline in
non-agricultural products. The average value of Sri Lanka’s agriculture exports during the
period 2006 to 2018 was approximately USD 2652 million, while the imports were at about USD
2193 million. The country’s net agriculture trade was reported at about USD 458 million in 2018.
In 2013, the highest recorded net agriculture trade value was at over USD 794 million, while, in
2018, the lowest was at about 140 million. The overall trends in imports and exports show that
Sri Lanka has been experiencing higher imports compared to exports during the last decade
(refer to Figure 15). Except for 2013 and 2018, the trade deficit is on an increasing trend. The
annual change in agricultural exports is unpredictable. In 2018, the export value of agricultural
food products declined by −26.27 percent. In 2012, the agri-food imports dropped by −21.5
percent. The share of agricultural exports in Sri Lanka’s total exports has fluctuated over time
and has progressively increased.
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A further investigation is carried out to identify the trends in virtual quantities ratios with
trade. It is observed that, overall, crop trade has evolved in a way that crops containing higher
quantities are being screened out and the trend is consistently decreasing (refer to Figure 16).

4.4. Critical Crops and Trade Parners

Further investigation is carried out to identify the critical crops and trade partners to
develop a better understanding of flow dynamics of virtual quantities. For this purpose,
the trade partners are ranked using the normalized value against their water stress index
developed by Bloomberg and arable land per capita from the World Bank [29,103]. The
ranking shows that Sri Lanka is less water-stressed compared to all importers except
Malaysia and Vietnam (refer to Figure 17). However, except Pakistan, India, Australia, and
China, the imports are from countries that are more water-stressed. In terms of arable land
availability per capita, Sri Lanka is quite stressed compared to its trade partners. All the
imports are from countries that are less stressed, whereas the exports are significantly more
to land-stressed countries (refer to Figure 17).
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water and land involvement for crops as well as for trade partners.
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Figure 19 shows that Sri Lanka is in an advantageous position in terms of water
availability. However, land resources are scarce compared to other trade partners. Two
of the exports, lemons/limes and beans (fifth and eighth in export rank), involve higher
embodied quantities, but the export volume is not significant. On the other hand, the
imports are consisting of crops that have low embodied quantities.

5. Conclusions and Recommendations

Despite Sri Lanka having suitable climatic conditions for crop production, the crop
trade overall is import-dominant, which is not sustainable. About 4.9 million people
(22% of the country’s population) are experiencing food insecurity. Depreciation of the
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local currency and reduction in the country’s agricultural production have caused food
shortages and raised the cost of living [104,105]. Researchers have identified the main
reason as excessive costs of crop production [106,107]. The crop production has become
uneconomical in some areas of the island due to a lack of water resources infrastructure,
excessive costs involved, and an absence of supporting agricultural policies.

The primary import is wheat, which covers 82% of the crop imports. Wheat carries
relatively higher embedded virtual quantities. The crop is a basic need of daily food, and
the suppliers (Canada, Russia, and Ukraine) are stable in terms of export capacity and have
lower stress of land and water. The supply is most probably stable in the near future and
no main concern is detected. Potatoes are the imports that contain lower embedded water
and land. Potatoes can be avoided and can be produced locally if the climatic and soil
conditions permit.

Banana is the primary export (without being imported). Banana needs higher water
and less land, which perfectly matches the existing conditions of Sri Lanka. On the other
hand, the importers of this crop (Saudi Arabia, Qatar, United Arab Emirates, Kuwait, and
Bahrain) have no expected capacity in the near future to reduce the imports. However,
other high-ranking banana-producing countries, India and China, are more highly stressed
in water. This expected gap between demand and supply can help Sir Lanka to maintain
a balance between crop imports and exports. The second largest export is pepper to
India. This crop also fits lower embedded water and even lower land. Both crops have
higher prospects.

Lemons/limes and beans are water- and land-intensive crops. These crops are not the
best crops to be exported. Although the importers for these crops are the same as those for
banana, high much-embedded quantities of water and land make this export not feasible
in the long term, although the quantities are low.

The most important fact for sustainable agricultural growth is the more effective use
of land, labor, and other inputs through technological progress, social innovation, and new
business models. Development of agriculture policy is strongly needed as the process has
been initiated since 1995 [72]. To maintain its competitive position in the export agriculture
market, Sri Lanka needs to develop effective strategies to address the various challenges
that the industry faces.

Due to sufficiency in water resources, the export potential of the country can be untapped,
supported with supporting policies and further development of water resources infrastructure.
To overcome the higher imports of wheat crop, diversification of export products can be
remarkably effective, and divergence from the traditional crops is strongly recommended.
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