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A key question in water utility planning is how much supply is enough?  In most developed countries, water utility customers have come to expect that water will be available when, where, and in the quantity they want it.  This “on-demand” service model requires that utilities size their water systems so they can meet maximum hour, day, and season demands without risk of running short.  Where supply is variable, meeting demands reliably can impose significant costs on water systems and their customers if doing so requires building in supply redundancy. In such cases it is prudent to ask the question: is it worth it?
[image: ]The answer depends in part on what costs consumers incur if their water demands are not met.  That is, if during some periods, they must forgo consuming as much as they would like.  Much of California is currently in such a situation, where water users have been asked, and in some cases mandated, to curb their consumption in order to balance available supplies with demand.  It is clear consumers are made worse off when their consumption is restricted in this way.  Had their use not been restricted, they would have freely chosen to purchase the restricted units of water at the prevailing water rate, so the water they had to give up is worth at least that much to them.  And for most consumers it will be worth much more than that.  Thus when reliability declines and the frequency or magnitude of shortages increases, consumer costs of forgone consumption go up.  Conversely, when reliability improves and the frequency or magnitude of shortages decreases, consumer costs of forgone consumption go down.  Note that consumer costs move in the opposite direction as system costs with changes in reliability. Increasing reliability raises system costs and lowers consumer costs and vice versa.Figure 1. Total Cost of Water Supply Reliability

The forgoing means that reliability planning involves balancing consumer losses from shortages against system costs incurred to avoid such shortages.  This is shown in Figure 1, which illustrates that beyond some point more reliability stops being worth it to consumers. That point is where the two lower lines in the figure cross.  To the right of that point the cost of adding new resources to the system exceeds the consumer loss those new resources would mitigate.  In other words, new resources beyond that point would not be worth it to consumers if their only purpose was to mitigate shortage losses.
For any given level of reliability, the total cost to the community is the consumer losses from shortages at that reliability level plus the resource cost incurred to provide that level of reliability.  This is the u-shaped curve in Figure 1 labeled Total Cost.  From a least-cost perspective, the reliability sweet spot occurs at the bottom of the u.  At that level of reliability, total consumer cost is minimized.  It is important to emphasize that resource cost is meant to be viewed broadly to include the full spectrum of socio-economic costs associated with adding new system resources, not simply the direct financial cost of a project.
A useful framework for translating water supply shortages into consumer losses is illustrated in Figure 2.  As noted by Dixon, et al (1996), “the size of the water supply cutbacks, the drought management strategies adopted by water agencies, and customer response to these policies together determine the effect of water supply shortages on consumer welfare.”
Figure 2. Translating Water Supply Shortages into Consumer Losses
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For residential water users, typical shortage-induced changes in economic welfare include:
· Constraints on behavior – such as shorter showers or restrictions on when or how water can be used.
· Quality of life impacts – such as desiccated landscapes, impaired parks and play fields, and dirty cars, windows, and hardscapes.
· Increased water costs due to drought rates or penalties.
· Increased household expenses for installing conservation fixtures or replacing destroyed landscaping.
For commercial and industrial water users, typical shortage-induced impacts include:
· Reduced profits due to restrictions on output, increases in production costs, or reductions in product or service demand.
· Reduced labor income and employment.
· Loss of customer goodwill and market share.
Measuring these impacts is an important though challenging empirical exercise that we do not delve into here.  Rather, for the remainder of this brief, we provide an overview of some of the findings from the published empirical literature on economic costs of water shortages.
Residential Cost of Water Shortage
One measure of change in economic welfare that is widely used in the economics literature is willingness-to-pay (WTP).  In the context of residential water shortages, WTP is defined as the maximum dollar amount households would be willing to pay to avoid the drought management strategies adopted by their water agencies.  The ranges in WTP reported in four empirical studies of residential WTP to avoid water shortages lasting one-year are illustrated in Figure 3. Note that for low magnitude shortages (<= 15%), the low end of the range is zero, indicating that households may not find low magnitude shortages terribly disruptive and thus would be willing to pay little or nothing to avoid them.  WTP increases with shortage magnitude, possibly in a non-linear fashion.  The very large range in WTP for a 50% shortage reflects the rarity of such events and corresponding uncertainty in WTP to avoid them.
Figure 3. Residential WTP to Avoid Water Shortage Lasting One-Year
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RAND examined residential impacts of water shortages resulting from California’s 1987-92 drought.  It found the largest impacts were in the residential sector. Drought policies mostly shielded commercial and industrial users – though some sectors, such as the green industry were significantly impacted.  Based on residential demand models estimated for a water agency in the east bay, residential impacts due to restrictions during the summer of 1991 were in the range of $40 to $60 million (2012 dollars) for the Bay Area as a whole.
Commercial and Industrial Water Shortage Impacts
The green industry is comprised of nurseries, landscape installers, and landscape service providers.  It is at risk of both reductions in consumer demand and changes in input costs during water shortages and therefore is one of the more vulnerable business sectors to water shortages. A study by Foster and Associates (1994) estimated that statewide 4,500 green industry jobs and $129 million in wages and salaries (2012 dollars) were directly lost due to water shortages in 1991.  The 1991 recession was a confounding factor, and the study estimated it directly accounted for the loss of an additional 4,000 green industry jobs and $100 million in wages and salaries.  A further 13,500 jobs and $382 million in wages and salaries were lost through a combination of causes.  In total, the study concluded water shortages were the primary cause of 18% of total green industry job loss and 21% of total output loss.
A 2007 study by the Bay Area Economic Forum on economic impacts of water shortages in the Bay Area reported the ranges of employment impacts that would result from a one-year shortage shown in Table 1. Note the very limited impact associated with low magnitude shortages, particularly for commercial customers.  However, for a 30% shortage potential impacts rise sharply.
Table 1. Bay Area Economic Forum Water Shortage Employment Impact Estimates
	Shortage
Magnitude
	Payroll Losses
(%)

	
	Industrial
	Commercial

	10%
	0.8-1.1
	0.1

	20%
	1.6-2.0
	0.2

	30%
	4.9-6.8
	3.0-6.0



Macro-Economic Impacts
Water shortage impacts do not occur in isolation from the rest of the economy.  Impacts ripple throughout and, for large enough shortages, can be detected in macro-economic indicators.  Australia’s 10-year drought, which Australians refer to as the “Big Dry” is a case in point.  At a macro-level, the following range of impacts were reported in the literature:
· Australia’s agricultural exports were decimated by the drought.  Rice exports were especially hard hit, falling by 90%.
· In agricultural regions, household consumption fell by 5-11%, gross regional product by up to 11%, and employment by up to 21%.
· In 2002-03, nationwide the drought shaved 1.6% off GDP growth, 0.8% off employment growth, and 0.9% off wage growth. Exports fell by 5%. 40% of the reduction in GDP growth was associated with non-agricultural industries.
· Wholesale electricity costs doubled in 2007 due to loss of hydropower.
· The Australian government provided more than $4.4 billion (U.S. dollars) in drought economic assistance to distressed communities and businesses.
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