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Introduction
-Briefly introduce water scarcity, and state how engineers may have solutions.
Overview of water scarcity
-What is water scarcity?
Shortage of available usable water.
-Facts about water scarcity.
Water consumption increasing, demand increasing.
Global use times 3 since 1950, 4340 km^3, 8 times annual flow of Mississippi river.
Floods, power, irrigation, industrial supplies, drinking water.
Water tables falling, lakes down, wetlands down, aquatic life down.
Agriculture takes ⅔ of all water removed from rivers, lakes, streams, and aquifers.
-Who/what does it impact.
Primarily water scarce countries, Africa, middle east. 26 countries 232 million people 9 of 14 countries in Africa. But all places are vulnerable.
For poor countries, “a crisis that currently forces more than one billion people to drink from sources contaminated with human waste, and leaves millions more with insufficient supplies to water their crops, or to spur industrial development” (The world's forgotten crisis).
-Conflicts
       	Beijing, New Delhi, Phoenix, competition between residents and farmers who use same water supply
       	Middle East has almost had wars over water
Proposed engineering solutions to water scarcity (by source)
Water Scarcity-Sandra Postel
-” Meeting human needs while facing up to water’s limits-economical, ecological, and political-entails developing a wholly new relationship to water” (Water Scarcity, Postel).
-Traditionally society has managed water by only manipulating natural systems to its benefit.
-Used whatever engineering know how to meet the needs of society. 36000 large dams.
-Society has taken water for granted, and has used water as a resource that is simply there to take. 
-Ignored environmental impacts. 
-Conservation is developing from emergency response to an effective way of saving water, money, and the environment. -recycling, reuse, and conservation yield more than traditional projects. 
-Agriculture conservation (⅔ of water removed from rivers, lakes, aquifers)-Irrigation needs down one tenth would double available water for domestic use.
-Texas is facing depletion of the Ogallala aquifer. -Adapted furrow system (Huge Waste, flooding field) to surge technique (Less Waste, water released at intervals to reduce runoff). -25% savings.
-Drip Irrigation pioneered in Israel. Delivers water directly to roots by using a network of porous pipes. -efficiencies of 95%. 
-Drip irrigation is one of the most promising ways to save water as agriculture is concerned. Nearly 1.6 million hectares are watered this way. One third the water and better yields. 
-Raising efficiency of surface canal systems that are all over the world's irrigated lands.
-Well maintained irrigation works.
-Industry (¼ world's water use)- Industrial water productivity is already improved. Industry water use is down 24% since 1973.-Industrial output up to $77 dollars per cubic meter of water. Compared to $21 in 1965.
-Residential use (1/10 world’s water use). Water efficient fixtures, industrial water audits, leak detection and repair. Boston reduced demand by 16% bringing to level of 1960s and no need for new sources of water. 
-Farmers 10-50%, industry 40-90%, cities ⅓ 
Russia revives epic river plan 
-Engineers divert waterways which provide water to areas that otherwise do not have it.
-Russia wants to divert some of Siberia’s biggest rivers to the former soviet republic of central Asia. $40 billion-dollar project. -Irrigation for central Asia cotton industry. 
-Huge Engineering project to solve water scarce and environmental problems.  
-Could solve water crisis in area and replenish Aral Sea which was once the world’s 4th largest inland sea. 
-Also could reduce amount of fresh water being poured into Arctic Ocean and preserve gulf stream. 
-Could also negatively impact other areas. -threaten the Ob basin- Could destroy fisheries and upset local climate. 
-Regions engineers say "still find it easier to divert rivers than to stop inefficient irrigation"(Central Asia has grossly inefficient cotton irrigation).
A canal too far
-South-North Water Diversion Project in China -Biggest water-diversion in the world. 
-Supplies water from south china (many resources) to north china (few resources) where most of the country's farmland is. (1/5th of countries resources and 2/3rds of the farmland).
-Under 1000 cubic meters of fresh water per person per year is water scarce. Each Beijing resident has only 145 cubic meters per year.
-Over 20 billion cubic meters of water per year- temporarily fixing problem. -Demand is only growing.
-Caused over a half million relocations. -promotes spread of disease.
-$62 billion dollars not including maintenance and 13 water treatment plants.  
-Real problem is the water that is wasted. Chinese industry is 10 times less efficient than average. 
-Grossly low water costs that are not changed because china wants to maintain its low prices. 
-Possible another canal will be added when the problem is conservation. 
Challenges of implementing solutions to water scarcity
-Farmers 10-50%, industry 40-90%, cities ⅓ 
-Need to overcome policies and laws that promote wastefulness. 
-Farmers pay less than 1/5th of water cost and this does not give any incentive to save water. 
-Simple problem of implementing solutions being expensive. 
-Water diversion is very expensive and invasive.
-Conservation projects take an investment of time and money. 
-Open markets for water can be beneficial but are difficult to arrange. 
-Implementing water saving laws is very difficult, especially when water scarcity is a problem. 
How these problems may be overcome
-Society must commit as one to stop water scarcity. -Public knowledge about the issue and how everyone can be affected. 
-Laws and policies must be changed even if they are controversial. -There will always be someone unhappy, but in the long run it is needed. 
-True cost of water is essential to promote conservation. 
-Government programs to support transition to efficient methods. 
-Money, government and private, must be invested not just for profit, but for the good of the world. 
-Open markets must be promoted.
-Immediate solutions such as diversions may have to be completed before conservation can become a top priority.
-Conservation must be the endgame.
Personal recommendations/ Conclusion
-Mandatory Water efficient systems.
-As soon as possible. -People are suffering now. 
-Immediate solutions then conservation. 







Water scarcity is a prominent problem today; it is also commonly referred to as water shortage, the water crisis, and other generic terms. However, water scarcity is a simple concept that is terrifying in and of itself. Water scarcity is simply the shortage of fresh and usable water that is available for use. Water is the most important resource for sustaining life, and it is becoming a rarity.  
       	Water scarcity is often perceived as drought and heat waves which create desert like conditions. However, this is not the problem engineers are presented with. Water consumption around the world is growing at an ever-increasing rate, and this in turn increases water demands. These demands are becoming more and more difficult for engineers to meet. Global use has tripled since the 1950s and water demands are now estimated to be over 4340 km3 a year, about 8 times the annual flow of the Mississippi river. Engineers respond to this issue with solutions such as dams, over 36’000 worldwide, which negatively affect the environment. Floods, power, irrigation, industrial supplies, and drinking water are all reasons waterways are diverted, and why water is needed in places that just do not have it. Agriculture accounts for two-thirds of water removed from rivers, lakes, streams, and aquifers. This is a colossal amount and engineers must focus on reducing this significant level of depletion. Due to this endless requirement, for water; lakes are draining, wetlands are disappearing, and aquatic life is suffering (Water Scarcity, Postel). Many engineering projects are effective at providing the needed resources to resolve these conflicts but, are damaging the environment in the process. New techniques are being developed to address the increasing demand for water. These techniques do not only provide do not only provide water, but they waste as little of this precious resource as possible. 
	The clearest signs of water scarcity are evident in from water-scarce countries. A news feature by Nature Publishing Group discusses how for some of the poorest people in the world water scarcity is, “a crisis that currently forces more than one billion people to drink from sources contaminated with human waste, and leaves countless millions more with insufficient supplies to water their crops, or to spur industrial development” (The world's forgotten crisis). If no immediate action is taken, millions will be condemned to premature death, and the problem only shows signs of deterioration. Climate change along with population growth, can only mean an increasing demand of water. The destruction of ecosystems and even possible major conflicts over water could follow (The world’s forgotten crisis). In some countries, populations are growing so fast that there is simply not enough water to meet everyone’s daily needs. Countries with this problem are declared as critically scarce on water. Africa and the Middle East are the main regions severely affected by this issue. Over 26 countries worldwide suffer from water scarcity, including 9 of the 14 countries in the Middle East. This region accounts for 232 million individuals affected by water scarcity out of a total of 400 million worldwide. Water scarce countries are the most vulnerable, but there have been conflicts about water in other countries as well. In Beijing, New Delhi, Phoenix, and many other locations, farmers have fought with residents over shared water resources. Also, wars have nearly begun in the Middle East because of scarce water supplies (Water Scarcity, Postel).  These statistics are astounding, and they are why engineers are working constantly to improve them. 
The challenges of solving water scarcity are stated very well by Sandra Postel in her article about water scarcity, “Meeting human needs while facing up to water’s limits-economical, ecological, and political-entails developing a wholly new relationship to water” (Water Scarcity, Postel). These are not easy requirement to meet, and engineers concentrate on getting water where it needs to be in the most efficient manner possible. The most traditional approach to solving water scarcity consists of manipulating natural systems to meet societal needs. This method can be very effective but it also promotes wastefulness. Because of wastefulness that is so often related to water scarcity, engineers also concentrate on conservation. Conservation yields the best results overall but can be much more difficult to implement than just “digging a trench”. 
Diverting water to where it needs to go is still, to this day, the most effective and immediate way to solve water scarcity. Simply put, water diversion use whatever engineering know how available to manipulate natural systems, and divert water to where it is needed most. There are over 36’000 large dams around the world and countless major diversions (Water Scarcity, Postel). Russia has a plan to divert some of Siberia’s largest rivers to the former soviet republic of central Asia. This project could cost over $40 billion dollars, but would provide Central Asia with much needed irrigation water for its cotton industry. There are other benefits to this possible project besides quenching Central Asia’s need for water. The diversion could, along with solving the water crisis in the area, replenish the Aral Sea which was once the world’s 4th largest inland sea, and is now mostly a barren desert. This diversion would also reduce the amount of fresh water entering the Arctic Ocean and help preserve the gulf stream which greatly affects weather in the UK. Obviously, there can be some positive results by diverting water, but these diversions are accompanied by many negative impacts. The Russian project alone could destroy fisheries, upset local climate, and negatively impact the Ob River, the world’s 7th longest river (Russia revives river plan, Pearce). As diversion projects go, the Russian plan is not very invasive. However, the current water diversion system in China is a different story.
The South-North Water Diversion Project in China is the biggest water diversion project in the world. The diversion supplies water from South China to North China using two canals that are over 100 kilometers long, and between them, move more than 20 billion cubic meters of water per year. The canal was required because North China has two-thirds of the country’s farmland and only one-fifth of the country’s natural resources. In this area, residents of Beijing only have 145 cubic meters of water available per person per year of the required 1000 to be considered not water scarce. The canals temporarily fix water problems but a growing demand is becoming almost impossible to meet. Also, the construction of these canals caused over a half million relocations country wide, and cost over $62 billion dollars, not including maintenance and water treatment plants. Even after this massive engineering project, some demands are still not met and other problems have appeared. Much of the polluted water in China is now circulating and spreading disease. There is also the simple fact of millions being moved from their homes (A canal too far, The Economist). 
Because of these diversion issues, engineers are now shifting towards conservation. Society has taken water for granted and massive diversions only work to a certain extent. These limits are being reached and society must realize water is not a resource that we can afford to exploit. Despite these facts, engineers in Russia “still find it easier to divert rivers than stop inefficient irrigation” (Russia revives river plan, Pearce). These kinds of statements are true in some cases, but China’s industry being 10 times less efficient than the rest of the world is simply not acceptable (A canal too far, The Economist). Water diversion by engineers can be part of the solution, but it cannot be the only solution.
Engineers are beginning to see conservation as more than just an emergency response to water scarcity. It is becoming not only the most effective way to save water, but also the most efficient economically and environmentally. Since agriculture removes two-thirds of the water from rivers, lakes, and aquifers, engineers are concentrating on conservation within agriculture. Traditional techniques for watering crops are extremely wasteful, and much of the water used evaporates or runs off fields. New methods to save water in irrigation include surge techniques, drip irrigation, and raising efficiency of surface canal systems that provide water to irrigated lands. Surge techniques are used primarily in Texas to save water, and avoid depletion of the Ogallala Aquifer. The surge technique is adapted from the furrow system. The furrow system consists of basically flooding fields, and whatever is not used by the plants, is wasted. The surge technique releases water at intervals to reduce runoff and save water. This technique has resulted in 25% savings (Water Scarcity, Postel). Despite this, drip irrigation is the future of watering crops. It consists of a network of porous pipes that deliver water directly to the roots, and has efficiency of up to 95%. The system was pioneered in Israel where more than half their food is grown using drip irrigation methods. Also, nearly 1.6 million hectares are watered this way today. Drip irrigation uses one third of the water and causes better yields (Water Scarcity, Postel). Drip irrigation is a huge engineering breakthrough and hopefully someday, all crops will be watered this way. The only other ways to increase efficiency of agriculture comes from consistent maintenance and efficiency of water delivery. Canal systems that deliver water to irrigation works must be made more efficient and irrigation works themselves must be well maintained. 
Other areas where engineers can help conserve water include industry and residential use. Engineers have greatly increased industrial efficiency in recent years. Average industrial output is up from $21 dollars of product output per cubic meter of water in 1965 to over $77 dollars of product output per cubic meter currently. Engineered water efficient fixtures have also helped reduce water use in many urban areas. For example, Boston reduced water demand by 16% through making water efficient fixtures mandatory and promoted public knowledge about water use (Water Scarcity, Postel). Engineers have worked and continue to work on making the modern world a place where everyone has the water they need. 
[bookmark: _GoBack]The challenges of implementing solutions to water scarcity are numerous. Policies, laws, and political barriers that promote wastefulness are a huge problem and hinder progress. For example, farmers pay less than one-fifth of waters true cost. This gives farmers no incentive to save water because conservation would not change their profit. There is also the simple problem of money. Projects to divert water cost billions of dollars, and that’s including only the construction. Relocating families, maintenance, water treatment, environmental impacts, and other problems only add to the cost. Conservation projects are not much better where cost is concerned. Implementing solutions such as drip irrigation and water efficient fixtures takes a lot of money, and even though they save money in the long run, these results are not seen immediately. It takes a huge investment of time and money to implement conservation projects; this process is difficult to implement when more water is needed immediately. Diversion projects may get immediate results, but conservation is the answer to water scarcity in the long run. Farmers could cut water usage by 10 to 50%, industry by up to 90%, and cities by one-third without any impact to quality of life (Water Scarcity, Postel). Open markets for water could also be very beneficial, but are difficult to arrange due to past conflicts over water. Also, implementing new laws that could temporarily restrict water use, while conservation projects take effect, would be controversial at best. These problems are significant, but society must invest in its future to stop water scarcity. 
Even though the problems facing solutions to water scarcity are extensive, they can be overcome. The first thing that must be done is to spread public knowledge about water scarcity and bring society together. Public knowledge and showing people that everyone can be affected by water scarcity is crucial. Only when people see how much of a problem water scarcity is, can laws and policies be changed. There will always be those who are unhappy, like farmers when they are paying a fair amount for water, but change is needed. True cost is essential to promote conservation, and programs must be put in place to help with transition. Money is needed most; government and private investments must be made to fund all the changes that need to happen. The purchase and installation of systems such as drip irrigation, leak detection, and water efficient fixtures must be kick started by investments. These programs will eventually turn a profit, but results take time. Open markets are also key to promote the even distribution and sharing of water. Past conflicts must be overcome to promote a fair trade of water, and countries that have extra water must be involved. In serious cases, immediate solutions, such as diversions, may have to be completed before conservation becomes a top priority. In scarce areas, immediate needs must be met then conservation techniques can be implemented. 
If water scarcity is going to be overcome, huge changes must be made. These changes must be implemented as soon as possible. Water efficient drip irrigation, fixtures, and leak detection must become mandatory all over the world. People are suffering from water scarcity at this very moment; therefore, immediate aid must also be given. Society is at the brink of huge changes and these changes must happen, before they are forced upon us. 
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