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ABSTRACT
In the twenty-first century, water scarcity and pollution have emerged as major global issues. Understanding the "water footprint" of various industries and locations has emerged as a crucial part of sustainable water management as water resources are depleted and water quality declines. This chapter explores the complicated realm of water footprints with the goal of unraveling the delicate connections between environmental effect, human activity, and water usage. The chapter emphasizes its value as a comprehensive measure of water consumption—direct and indirect—across the entire supply chain of goods and services. It covers alternative approaches for calculating water footprints, including the blue, green, and grey water components and their individual contributions to total water use, through a comprehensive review of the literature. 
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INTRODUCTION TO WATER FOOTPRINT
A country, community, corporation, or individual's entire direct or indirect freshwater use for the production of products and services is referred to as their "water footprint." It is an assessment of the volume of water used, contaminated, or lost across the whole supply chain of a good or service (1). Professor Arjen Hoekstra of the University of Twente developed the idea of the water footprint in 2002 to offer a thorough understanding of water usage and its effects beyond the conventional method of focusing only on direct water consumption(2).
There are three components of Water Footprint
1. Blue Water Footprint: The entire amount of freshwater used by a person, business, or country to produce goods or services are referred to as their "blue water footprint". It specifically takes into account how much groundwater and surface water are used up or contaminated during manufacturing (3).
2. Green Water Footprint: The amount of precipitation used up by vegetation or crops is known as the "green water footprint." It has to do with the water that plants use that is kept in the soil(4).
3. Grey Water Footprint: The term "grey water footprint" describes the amount of freshwater needed to ingest the trash and pollutants produced by human activity. It calculates the amount of water required to dilute contaminants in order to achieve water quality standards (5).
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Fig 1: Source: Tinkersprogram.com(6).
SIGNIFICANCE OF WATER FOOTPRINT IN WATER RESOURCE MANAGEMENT 
1. Awareness and Accountability: By estimating and comprehending the water footprint, people, organizations, and governments become more conscious of their water usage and the effects it has on regional and global water supplies. It encourages sustainable practices and encourages water consumption that is prudent (7).
2. Water Scarcity and Stress: Assessing water scarcity and stress in various places is made easier by the idea of water footprint. It enables decision-makers to pinpoint areas with scarce water resources and put policies in place to lessen the risks related to water shortage (8).
3. Water resource management: Water footprints offer useful data for efficient water resource management. It assists in identifying locations with excessive water use so that such regions can be targeted for efficiency and conservation measures.
4. Virtual Water Trade: Analyzing virtual water trade is made easier by being aware of the water footprint of products and services. Virtual water is the term used to describe the water that is incorporated into items that are sold abroad. By importing commodities that require a lot of water instead of producing them domestically in places with limited water supplies, nations may make the most use of their water resources(9).
5. Corporate social responsibility (CSR) and sustainability: Businesses can utilise the water footprint as a tool for CSR reporting and sustainability evaluations. It enables businesses to monitor and control their water usage, lessen their negative environmental effects, and encourage sustainable supply chain practices(10).
6. Policy Formulation: Governments can use water footprint information to create rules and laws for water management and conservation. This might entail establishing goals for water use effectiveness, implementing water pricing systems, and encouraging water-saving technologies.
CALCULATION AND ASSESSMENT OF WATER FOOTPRINT
1. Identify the Scope: Establish the parameters of the water footprint study. It could be a person, a group of people, a company, a thing, a whole nation. Be clear about the metrics being used.
2. Identify the Three Water Categories: Blue, Green, and Grey Water. These are the three elements that make up the water footprint. Understanding the various water sources and how they are used in the system under evaluation is necessary for this.
3. Gather Data: Compile information on water usage and consumption in the context of the selected scope. Water bills, agricultural records, industrial processes, and data from supply networks are a few examples of data sources. Since obtaining precise data might be difficult, guesses and averages may be employed(11).
4.  Determine your water footprint:
· Blue Water Footprint: Determine how much freshwater was taken from surface or groundwater sources for a given activity. This covers irrigation, household water use, and commercial water use.
· Calculate the amount of precipitation used up by crops or other vegetation throughout their growth. Based on the water needs of various crops and the geographical areas where they are grown, this can be estimated.
· Grey Water Footprint: Determine the amount of freshwater needed to ingest the trash and pollutants produced by human activity. Understanding pollutant types, amounts, and water body dilution potential are necessary for this(12).
5. Add up the Parts: To calculate the overall water footprint for the given scope, add the blue, green, and grey water footprints together.
6. Normalize or Convert: By connecting the water footprint to a particular unit, such as per capita (for example, litre per person per day) or per unit of production (for example, litre per kilogram of product), the water footprint can be made more understandable. This makes comparison and analysis simpler (13).
With the aid of the CROPWAT 8.0 model, the water footprint assessment manual by Hoekstra et al. offers us two options for calculating the green and blue water footprint of crops: the crop water requirement option and the irrigation schedule option. Both of these options are thoroughly explained in the manual.
EFFECTS OF WATER SCARCITY AND WATER FOOTPRINT
1. Water Stress: Water stress occurs when a region's needs cannot be met by the water resources that are now available due to high water footprints and rising water demands. Water shortages, decreased agricultural production, and weakened ecosystems can all be caused by water stress (14).
2 .Ecological Impacts: A lack of water resources can damage ecosystems by causing wetlands, rivers, and other freshwater habitats to degrade. Reduced water flow has the potential to disturb aquatic ecosystems, have an impact on fish populations, and make species that depend on freshwater more vulnerable (15).
3. Food safety: The largest portion of water used globally is for agriculture. Especially in areas that primarily rely on irrigated agriculture, water scarcity and high water footprints in agriculture can pose a danger to food security. To secure food production in water-stressed locations, effective water management and sustainable farming practices are crucial (16).
4. Socioeconomic Consequences: A lack of water may have negative social and economic effects. As communities fight for few water supplies, it may cause poverty, inequality, and violence. Additionally, water-dependent industries like manufacturing and energy generation may experience operating difficulties and higher expenses (17).
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MULTIFACETED STRATEGY TO ADDRESS GLOBAL WATER SCARCITY AND REDUCE WATER FOOTPRINT
1. Efficiency and conservation: Water resources can be released from stress by encouraging water conservation methods and enhancing water usage effectiveness in households, businesses, and agriculture.
2. Education and Awareness: Promoting responsible water usage, raising public awareness of water scarcity, and enticing people, groups, and organisations to adopt water-saving habits can all help ensure the long-term sustainability of water resources(19).
3. Governance and Policy: Governments are essential to the implementation of efficient water management plans, the promotion of water-saving technology, and the equitable distribution of water resources. To address the problems associated with transboundary water, international coordination and cooperation are also required(20).
4. Infrastructure for managing water resources: Creating and maintaining effective systems for managing water resources, such as water storage, distribution networks, and wastewater treatment facilities, can increase water availability and decrease waste.
5. Sustainable Agriculture: Using water-saving technologies, crop selection based on water availability, and precision irrigation techniques can help minimise the water footprint of agriculture while maintaining output(21).
VIRTUAL WATER TRADE
The term "virtual water trade" describes the covert transnational exchange of water incorporated into products and services. It measures the amount of water utilised in the manufacturing of goods that are traded between places with abundant and limited water supplies. A nation imports the virtual water necessary to produce things that need a lot of water. As a result of utilising water resources from exporting nations subtly, countries with a shortage of water are able to relieve strain on their local water supplies(22).
· Relation between Virtual Water ans Water Footprint
1. Virtual water as part of a product's water footprint: A product's virtual water content is essentially a component of its water footprint. In a way, importing a good with a large water footprint also entails importing the embedded virtual water needed for production(23).
2.Global Water balance: Understanding the allocation of water resources on a global scale requires knowledge of virtual water trade and water footprints. By utilising resources from water-rich locations, the trade enables regions with limited water resources to balance their water needs(24).
3. Sustainable Water Management: Countries may move towards more sustainable water management practises by taking into account the water footprint of items and promoting virtual water trade. This entails maximising water use, encouraging water-efficient technologies, and minimising wasteful water waste(25).

WATER FOOTPRINT OF FOOD AND AGRICULTURE
The entire amount of water used in the production, processing, and consumption of food and agricultural products is referred to as the "water footprint" of food and agriculture. It includes water needed for food processing, packing, and transportation as well as water used to grow crops, rear livestock, and manufacture other types of food.
The water footprint is a crucial idea because it clarifies how much water is needed to support our food systems. It sheds light on how human culinary habits and agricultural methods affect the environment, especially in areas where water is scarce(26).
	Food item
	Unit
	Global average water footprint (litres)

	 Apple or pear
	1 kg
	700

	 Banana
	1 kg
	860

	 Beef
	1 kg
	15,500

	 Beer (from barley)
	1 glass of 250 ml
	75

	 Bread (from wheat)
	1 kg
	1,300

	 Cabbage
	1 kg
	200

	 Cheese
	1 kg
	5,000

	 Chicken
	1 kg
	3,900

	 Chocolate
	1 kg
	24,000

	 Coffee
	1 cup of 125 ml
	140

	 Cucumber or pumpkin
	1 kg
	240

	 Dates
	1 kg
	3,000

	 Groundnuts (in shell)
	1 kg
	3,100

	 Lettuce
	1 kg
	130

	 Maize
	1 kg
	900

	 Mango
	1 kg
	1,600

	 Milk
	1 glass of 250 ml
	250

	 Olives
	1 kg
	4,400

	 Orange
	1 kg
	460

	 Peach or nectarine
	1 kg
	1,200 

	Pork
	1kg

	4800


	 Potato
	1 kg
	250

	Rice
	1 kg
	3,400

	 Sugar (from sugar cane)
	1 kg
	1,500

	 Tea
	1 cup of 250 ml
	30

	 Tomato
	1 kg
	180

	 Wine
	1 glass of 125 ml
	120


Table1: Food items, Units and Global Average Water Footprint(27)
The average global water footprint of different food products is shown in Table 1, and it is obvious that among the foods included, chocolate has the highest water footprint, requiring the most water during the entire production process.
CONCLUSION
Professor Arjen Hoekstra's idea of the water footprint is a crucial tool for comprehending and controlling water usage at all scales, from individuals to entire countries. The blue, green, and grey water footprints, which are the three parts of the water footprint, provide a thorough evaluation of direct and indirect water usage during the creation of goods and services.
The importance of the water footprint in managing water resources is extensive. It increases awareness, encourages accountability, and aids in locating water stress and scarcity hotspots. In order to maximise water resources internationally, rules can be developed that encourage sustainable behaviour and enable virtual water commerce.
Lastly taking into account the water footprint of food and agricultural goods is essential to comprehending how our dietary practises and agricultural practises affect the environment, particularly in areas with limited water resources. People and societies can choose more environmentally friendly consumption habits by being aware of the water footprint of various food items. We can strive towards protecting and effectively managing this priceless and limited resource by group efforts and deliberate decisions, ensuring a sustainable water future for future generations.
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