Chapter 3
ECONOMIC VALUATION OF WATER STORAGE IN THE NORTHERN PALM BEACH COUNTY REGION 
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3.1
INTRODUCTION
The purpose of this report is to provide methodologies to assist in evaluating the value of surface water storage facilities. The report provides specific examples for the North Palm Beach County (NPBC) region.  Reservoirs are designed to provide Flood Damage Reduction (e.g. detention) or Water Supply or a combination of both.  The objective of detention storage for Flood Damage Reduction goal is to reduce the flows during the actual storm event by storming them in the reservoir and then rapidly emptying the reservoir (e.g. 14 days) to ensure that storage is available for the next storm.  The objective of water supply mandates the opposite.   Specifically, that water is stored until the reservoir is full, whenever water is available, and held until needed for water supply.  It is important to note that while a reservoir may provided both Water Supply Storage and detention for Flood Damage Reduction that each of the objective require their own storage volume.  For example, for a 20 feet deep reservoir the top 10 feet could be dedicated to Flood Damage Reduction and require a rapid bleed down rate while the remaining 10 feet dedicated to Water Supply is filled when ever water is available and discharged from only to meet demands.  Only during the transitional period from the wet season to the dry season or when a large rainfall is forecast and water can be discharged from the Water Supply zone and replaced by the runoff generated by the forecasted rain.  There is usually less flexibility in the detention zone due to the costs associated with flooding.   As mentioned in the introduction considerable work has been done to quantify the process for evaluating the costs and benefits of flood damage reduction process.  The contents of this chapter focus on the quantification of the water storage benefits.

The majority of the research has focused on the conjunctive use of surface and ground water and the role of storage in meeting water demands.  Following Buras (1963), Burt (1964), Young and Bredehoeft (1972), and Knapp and Olsen (1995), the primary objectives are to determine operating rules governing optimal dynamic ground water allocations given that the availability of surface supplies determine ground water demand.  
For this report, abstracted are the dynamics of the problem and then examples are provided that focus on a single period model.  This simplification is possible in situations when aggregate water use is in a steady state.  In other words, if annual water supplies are at least as high as annual aggregate water use, then sequencing issues become negligible and static representations may be taken as an approximation of the dynamic case (Gisser and Sanchez, 1980, Gisser, 1983, Tsur, 1990).  However, to determine the optimal timing of the storage facility, dynamic considerations are central to the problem and are reintroduced in the analysis.  

The next section considers some basic economic principles required to measure the value of services a storage facility provides and to determine the optimal capacity (storage volume) of the facility.  The following section provide guidance on how optimally time the addition of capacity.  In this exposition, we introduce two simplified methods that can be used when information about the timing of future water demand is limited.  The two methods, labeled the ‘benefits based’ and ‘least cost’ approaches, are used to estimate the value of water storage in the NPBC region based on available information about water demands and the cost of storage facilities from the Comprehensive Everglades Restoration Plan (CERP).  In Chapter 8, the least cost approach is used to determine the economic value of storage in NPBC based on the NPBC simulation model presented in Chapters 6 and 7.

3.2
ECONOMIC PRINCIPLES FOR VALUATION OF WATER AND WATER STORAGE

3.2.1
Water Valuation
In this section, we present general economic principles to determine the static valuation of water storage.  The ‘value of services’ approach analytically presents the underlying theory of storage valuation and demonstrates the inherent complexities facing resource managers.  The approach follows basic economic theory in analyzing demands for the outputs of a project and rests heavily on the theory of demand.  Demand curves capture the relationship between the quantities of a commodity to price, all other factors held constant.  Each user of the commodity has an individual demand curve and market demand captures the aggregate of all users.  Each point on the market demand curves represents the maximum willingness to pay of a user for an additional unit of the commodity (or the marginal benefit of the additional unit).  Total willingness to pay, or the gross benefits for certain levels of the commodity (the value), is the sum of all beneficiaries' willingness to pay for all units up to the specified level.  Further, a welfare measure for users is likewise given by the excess of the maximum willingness to pay for each unit of the commodity over the price paid, known as consumer surplus.  These discussions are based on the average yearly demands which are expected to increase substantively in the future.  In contrast the average supply which is provide by rainfall is in the long term expected to stay reasonably unchanged without the addition of water supply sources such as reservoirs and reverse osmosis desalination of ocean water.  These discussions do not apply to the daily changes arising from individual rainfall events as the market users require a reasonably dependable water source. 
To motivate the analysis, we use the framework of Zilberman and Lipper (1999) to demonstrate the welfare implications for a generic water supply system considering the addition of storage capacity.  Within a single period, for example a year, let there be i water users, each with demand a function of the price per acre-foot of water, p, given by Di(p).  For the case of only two consumers as shown in Figure 3.1, aggregate demand, AD(p), is found by summing individuals' quantity demanded at each price.
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Figure 3.1  Aggregate Demand for Two Water Users

The inherent value of storage capacity is derived from additional stored water that would otherwise not be available.  Assume there are two states of water supply, low W1 and high W2.  Figure 3.2 illustrates the case without capacity additions.  Under low conditions, the total willingness to pay for W1 is the area under aggregate demand up to W1.  If we define the total willingness to pay by E(W1), then,
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where p1 is the price (willingness to pay) per acre-foot for volume W1.  In Figure 3.2, this would be equal to the area 0p0aW1.  If the price per acre-foot actually charged were p1, consumer surplus CS is given by the difference in willingness to pay for each unit provided and the price paid.  CS is then the area below aggregate demand above the price paid, or,
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which is the area p1p0a in Figure 3.2.  
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Figure 3.2  Aggregate Demand and Initial Water Supply Conditions
In a similar fashion for high water supply conditions, E(W2) would be found as the area 0p0bW2, and with price p2, CS(W2) would be area p2p0b in Figure 3.2.  If, initially, the system were in a high supply condition and supplies fell to low, the loss in value would be the area under demand between p1 and p2, area W1abW2.  The loss in consumer welfare from reduced supplies would similarly be captured by the change in consumer surplus, or the area p2p1abc.  
3.2.2
Valuation of Water Storage

Storage facilities smooth the availability of water, reducing the impacts of variation in supply.  Expanding our simple model to two consecutive periods, consider the case of high availability (wet season) in the first period and low in the second (dry season).  A storage facility allows the water supply authority to transfer water from the first period to the second.  Following the example in the preceding section, water supply is W2 in the high period and W1 in the low period.  To counter the low availability in the second period, an amount of water is transferred from the high period so that the available water in the low period is Ws, shown in Figure 3.3.  The addition of storage diminishes impacts of reduced supplies to Ws with willingness to pay ps.
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Figure 3.3  Differences in Water Supply and the Effects of Storage
In this scenario the storage facility allows the water supply authority to dampen the impacts of  a reduction in supply or increase competition for the same supply or a combination of both; avoid the loss in total benefits of the area under demand between pS and p1, 
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given by area W1adWS.  This avoided loss is the value the storage facility provides. 

Under this method, the value of storage defined by avoided losses is determined by the relative difference between the amounts of water available in periods of high and low availability.  This method can be put into the context of water planning in South Florida.  The District has four water shortage phases:

Phase I:
Moderate Water Shortage

Phase II:
Severe Water Shortage

Phase III:
Extreme Water Shortage

Phase IV:
Critical Water Shortage

During these phases, the District requests voluntary and eventually mandatory, cutbacks in water use.  Under conditions of a Phase I shortage, the value of avoided losses that a storage facility provides should be significantly below the value of the facility under conditions of a Phase IV shortage.  In the case of a storage facility with given capacity, the difference in the value of storage under a Phase I or Phase IV shortage is depicted in Figure  3.4.
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Figure  3.4  Aggregate Demand and Differences in the Value of Water Due to the Severity of Water Shortages
We illustrate a Phase I shortage with a realized water supply of W1I.  The storage facility allows the transfer of (WsI - W1I) from the high period supply W2, thereby increasing the low period supply.  The avoided loss is then the area under demand between pSI and p1I, 
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given by vertically shaped area W1IaIdIWS I.  A Phase IV shortage can similarly be associated with a realized water supply of W1IV.  For the same storage facility, a transfer of (WsIV - W1IV) can be made, with avoided loss,
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expressed by horizontally shaded area W1IVaIVdIVWS IV.  Comparing the value of the facility under Phase I and Phase IV shortages demonstrates that the more severe the shortage, the greater the value of the storage provided by the facility.

3.2.3 Optimal Capacity

The preceding section presents general methods to define the economic value of services provided by a storage facility.  The logic can be extended to comprehensively analyze both the value of storage and the appropriate capacity of a facility.  To simplify the analysis, we consider the water manager and water utility to be a single entity, a water user.  From the viewpoint of the representative water user, let ​S​ be the net supply of surface water (rainfall net of evaporation/transpiration).  Let q be the quantity of water used by the representative user, supplied at constant marginal cost z.  If the benefits of water use are given by U(q),
 then the representative user would maximize the net benefits of water use,
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Assuming an interior solution, the first order condition for this optimization becomes,
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where primes indicate derivatives
.  This condition indicates that water will be used up to the level at which marginal benefits of water use exactly balance marginal costs.  The level of q at which this condition holds, q*, is the amount of water demanded and serves as the basis for the derived demand curve for water, D, as shown in Figure 3.5.  If the current supply of water is W, the demand for stored water is q* – W.  If a storage facility exists to provide water to avoid this shortfall, the net benefit of the stored water is the addition to total benefit the stored water provides (over that of existing surface supplies).  Let B be the net benefit of the stored water defined as,
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The net benefits of the stored water are displayed in Figure 3.5 as the area abc which is the consumer surplus the facility provides.  


[image: image14.wmf]Volume of 

Water, acre

-

ft

 

Demand Price 

$ per acre

-

ft

 

p

 

p

0

 

D (p) 

 

z

 

q*

 

0

 

W

 

a

 

b

 

c

 


Figure 3.5  Water Demands and The Value of Storage
Extending the analysis allows the appropriate capacity of the storage facility to be determined.  Let the capacity of the storage facility be interpreted as the maximum amount of water the storage facility can provide in a year, and be given by CAP.  If the annualized fixed cost of the facility is given by a twice differentiable, convex function, C(CAP), the optimal capacity is determined through maximizing aggregate benefits of the storage facility BC (above those of the existing surface supply W) with respect to CAP, or,
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The maximization yields the necessary and sufficient conditions,
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where the concavity of the benefit function and convexity of the cost function ensure a maximum is attained.  The necessary condition can be solved for the optimal size of facility, and can be interpreted to be the size that balances the marginal benefits of water use with the marginal costs of supply and construction.  

3.3
DYNAMIC PLANNING AND STORAGE FACILITY VALUATION
3.3.1 Basic Issues
Policy Makers face major tradeoffs in water system planning, such as, how to manage existing systems, when to add facilities to the system, and how to manage augmented systems in the future.  To develop a methodology that captures these dynamic tradeoffs, a simplified theoretical treatment is used with interdependent economic and hydrologic components.  Following the literature on multiple purpose water resource development (Krutilla and Eckstein, 1958) and the conjunctive use of ground and surface water (Knapp and Olsen, 1995; Burt, 1964, and Buras, 1963), we extend the analytical approach used by Holland and Moore (2001).  

Consider a representative watershed manager who manages water supply for many users including but not limited to agriculture, environment, industry, urban demands, and salt water intrusion prevention.  Water is supplied to the system through accretion (rainfall minus  evaporation/transpiration) or from storage facilities.  Storage facilities capture "surplus" water which otherwise would be unrecoverable (e.g. discharged to tide).  Allocations and capacity expansions are made to maximize the net present value of benefits the services provide, where both operating costs and the costs of facility expansion projects are considered.  In Florida, these allocation are implemented through permits which evaluate the allocations are reasonable and prudent for the needs and are issued generally for a time period ranging from 5 to 20 years.
Water provides both human and environmental services, both of which have importance to humans.  Human services include consumptive uses of municipal, commercial and agricultural water supplies.  Environmental services concern the essential nature of water to ecosystem health.  Within any specific period of time, human services are consumed and do not accumulate with the notable exception of the infrastructure constructed for urban needs (e.g. houses, roads, and utilities).  These services, in aggregate given as Q(t) for year t, are volumes per unit time, or rates/flows.  In contrast, the accumulation of water in the environment has lasting effects and is the primary stock of interest S(t).  We assume a direct correspondence between this stock and ecosystem health so that S(t) represents ecosystem health in the model.  Within these conventions, the gross economic value of consumptive and environmental water use is given by 
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The core issue concerns sources of water for Q(t).  In the model they are defined to be consumptive use appropriations from the environmental stock q(t) or through supplies provided by the construction of a storage facility / reservoir.  To concentrate on efficient timing of construction, we abstract from the development of optimal reservoir operating rules and focus solely on analyzing the consequences on q(t) and Q(t) from additional supplies L provided by a reservoir.  Once the reservoir has been built, it is assumed to provide its full capacity every year.  

Prior to the construction of the reservoir we assume q(t) outpaces the natural rate of replenishment R(t) (excess of rainfall over evaporation transpiration).   In these periods, consumptive uses essentially mine the environmental stock.  The rate of consumption depletes the environmental stock at the cost of ecosystem health, negatively impacting welfare.  Mathematically characterizing the situation, the dynamics of S(t) are governed by,
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(3.1)

where the stock is replenished by the excess of annual rainfall over evaporation/transpiration R(t).  

In situations when the rate of human consumption exceeds R(t), the environmental stock is being degraded.  To compensate, the watershed manager can build a reservoir to provide a substitute for q(t).  Let the present value, when construction is initiated, of all construction costs be given by F.  Supplies from the facility L exhaust the facilities capacity, cost cL per unit and directly reduce q(t) as Q(t) = q(t) + L thereby reducing the rate of degradation. 

To determine efficient consumptive use appropriations and optimal timing of the reservoir, the watershed manager wishes to maximize the net present economic value of the water supply system.  These are found through the manager choosing consumptive use and the time to construct the reservoir (, subject to the equation of motion (3.1), non-negativity and initial stock constraints, and the definition of aggregate human water use without and with the storage facility.  If the interest rate is given by r the manager’s problem becomes,
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   (3.2)

The first term in the objective function is the present value of the net economic surplus from consumptive water use and ecosystem health less the cost of the water use before construction.  The second term is the present value of net surplus following construction, and the third term is the present value of construction costs of the facility.  Together, the three terms describe the net present value from consumptive water use and ecosystem health over the planning period, T.

3.3.2 Two Simplified Approaches to Storage Valuation
It is important to note the information requirements necessary to solve this optimization problem.  A solution can be determined if all costs are known and both Q and S are quantifiable in terms of the gross economic surplus for all time periods during the planning period, T.  This can be difficult information to quantify in real world water planning so a common practice is to simplify the problem by focusing on either the benefits or costs of storage.
These simplifications focus on the net present value (NPV) of the streams of economic benefits (surplus) and relevant costs generated by the project over a specified time horizon.  If all implementation and operational costs are ignored from the benefit calculation, the NPV of the stream of benefits, NPVB, accruing to consumptive water use and ecosystem health from the project is defined as,
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(3.2a)

Defining costs in a similar fashion, the NPV of costs is,
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(3.2b)

Comparing the NPVB with the NPVC of the project provides a rough measure of the value of services provided by the project and an approximation to the optimization problem posed in (3.2).  Socially efficient planning would only select projects where NPVB ( NPVC, the social benefits derived from the project at least equal the costs.  In this case, the precise timing of additions to storage capacity is not critical as long as benefits exceed costs over the life of the storage facility. 

This framework can also be used to answer an important question.  If we know the benefits of new storage capacity, how much should a water planner be willing to incur in costs to build storage?  The answer to this question provides a measure of the value of storage at a specific location.  If we express additional units of storage in a volumetric measure such as acre-feet, then the maximum willingness to pay for additional storage would be given by the formula:


NPVB ( Acre-feet in Facility i = Storage Value per Acre-foot of Facility i 

(3.2c)

If the facility can be acquired or built for an amount equal to or less than the storage value, then it is socially efficient (i.e. NPVB > NPVC).  If acquisition costs would exceed the storage value (i.e. NPVB < NPVC), the proposed facility is not an efficient use of public funds. This ‘benefits-based’ approach is used later in Section 3 of this chapter to determine one measure of the willingness to pay for storage capacity in the North Palm Beach County region.

An alternative simplified approach is to assume that the benefits provided by several alternative storage facilities are the same.  In this setting, the facility that can be built for the least cost, the minimum net present value of future costs, is preferred.  This ‘least cost’ approach provides a measure of the opportunity cost of the facility and the value of the resources needed to achieve the benefits from the project.

Implementing this framework requires that the costs of alternative projects are expressed in comparable terms.  From 3.2b above, the relevant costs of facility i are given by NPVCi.  Expressing the costs on a per acre-foot basis allows comparison across facilities,

 
NPVC ( Acre-feet in Facility i = Storage Costs per Acre-foot of Facility i. 

(3.2d)

To illustrate this approach, suppose water managers want to provide water supply for environmental purposes.  Let there be two alternative facility designs A and B that can both provide equivalent water flows to the environment.  If storage costs of facility A are $X per acre-foot, facility B costs $Y per acre-foot, and $X > $Y, then facility B is preferred.  

3.3.3
Optimal Timing of Storage Capacity

If the timing of storage additions is a critical element of the planning problem, it is necessary to solve the decision problem presented in (3.2).  The solution mirrors the procedure of Hartwick, Kemp, and Van Long (1986).  If the storage facility is built at ( the watershed manager solves the sub problem,
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(3.3)

The solution can be found from the associated current value Hamiltonian,
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(3.4)

where ((t) is the shadow price of the environmental stock of water.  Applying the maximum principle to (3.4), and neglecting time notation for brevity, results in the system of necessary conditions,
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(3.5a)
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(3.5b)
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(3.5c)

For positive q, equation (3.5a) stipulates the efficient levels of consumptive use require a balance between the marginal benefits from consumptive use and marginal supply and scarcity costs.  Equations (3.5b) and (3.5c) describe the equations of motion for the stock and its shadow value, and together with (3.5a) maximize (3.4).  Let V(() be equation (3.3) evaluated at optimal q(t)'s for given (.  Inserting this into the manager's problem, equation (3.2), allows the objective function to be restated as,
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(3.6)

The relevant current value Hamiltonian becomes,



[image: image29.wmf])]

(

)

(

)[

(

)

(

))

(

),

(

(

t

q

t

R

t

t

q

c

t

S

t

Q

U

q

-

+

-

=

m

H

,




(3.7)

with identical maximum principle conditions as given by (3.5).  To interpret the necessary conditions, first note that under the assumptions of competitive markets, optimizing consumers and no externalities, the optimal marginal benefit path is exactly that of the price of water p(t)(UQ(Q,S).  

Time differentiating (3.5a), and substituting (3.5c) allows the growth rate of net price to be found as,



[image: image30.wmf]()

(,)

()()

q

S

qq

dpcdt

UQS

r

pcpc

-

=-

--

.







(3.8)

Net price grows at a rate less than the interest rate.  The growth rate accounts for the effect of consumptive use on environmental benefits in the future.  This rate is lower than the conventional Hotelling result as the model accounts for the lost benefits from reduced ecosystem health.  Given constant marginal costs of provision, price will exhibit a positive growth rate if the interest earned on the net price r(p - cq) exceeds the marginal benefits from the environmental stock US(Q,S).  This is equivalent to positive growth when the interest on net marginal benefits from consumptive use exceeds the marginal benefits from the environment.  In the terms of our application the price will continue to rise if the rate of consumption out paces natural recharge.  

Following the construction of the reservoir a steady state is achievable.  Evaluating the maximum principle conditions at the steady state,
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(3.10)

where Qss = qss + L, and the determination of Sss discussed below.  From these conditions, in the steady state human water use leaves the environmental water stock constant, and the interest on the shadow value of the environmental stock of water (identical to the net price) will be equal to the additional benefits of an additional unit of environmental water.  Steady state stock Sss and price of water are determined from (3.10) and (3.11) being substituted into (3.5a) to find,
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(3.11)

This condition maintains that the steady state environmental stock of water must be at such a level so that the net marginal benefits of consumptive water use exactly balance the capitalized marginal benefit of the environmental stock.  The price is constant in the steady state at a level that serves as a ceiling on project feasibility (discussed below). 

Returning to the question of optimal timing, given the derivation of the before and following construction subproblems, a transversality condition H-+rF = H+ is added to determine (.
  The condition entails differentiating the constrained system (3.2) with respect to ( and simplifying to obtain,
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(3.12)

Equation (3.12) implies that the efficient time to build the project is when the net benefit with the storage facility "jumps up" to compensate for the interest payment on the fixed costs.  In this situation the sum of net benefits without the storage facility (first term left hand side) and interest payment on construction costs (second term) equal the net benefit with the storage facility.  

To find ( from (3.12), we follow Holland and Moore (2001) and assume that the storage facility is a feasible project (in the sense that its average costs are less than its steady state price).  Under this restriction the price is continuous at ( and the reservoir will be built when the price is below its steady state level.  Note that while these assumptions imply aggregate human water use is continuous when the storage facility is brought online, Q(( -) = Q(( +), within the aggregate appropriations of the environmental stock are discontinuous.  With the addition of the facility 
q(( -) = q(( +) + L.  Implementing these assumptions into (3.13) and simplifying finds the switching point,
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Efficient timing of the reservoir will be when the effective marginal cost of consumed water (marginal delivery cost and scarcity cost of environmental water) equals the average cost of reservoir supplies (marginal operating cost and the per capacity interest payment on the cost of construction).  The left hand side is equal to marginal benefit of consumed water (equivalently its price) by substituting (3.5a).  Optimal timing of the storage facility construction is when the price of consumed water just equals the sum of the marginal cost of supplies from the reservoir and the per capacity interest payment on the cost of construction
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In summary, the model developed in this section yields efficient levels of water consumption from the environmental stock and the efficient timing of reservoir construction.  In an example of the planning problem considered in this report, let consumptive water use initiate at time zero.  At some point the rate of use exceeds the natural rate of replenishment (assumed from the initial period), causing the environmental stock to fall.  The declining stock increases the scarcity value of environmental water, and the price of water will rise.  The price will continue to rise until it hits the trigger price, at which time the reservoir should be built.  Following construction, price will continue to rise until the steady state price is attained.  A sketch of the price path is shown in Figure 3.6.
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Figure 3.6  Price Path

3.3.4  Further Considerations for the Analysis

Sensitivity analyses for this planning model can be made through qualitative changes in the parameters in equation (3.13).  All else constant, an increase in either reservoir operating costs or construction costs will extend the period of time before the reservoir is built.  Higher interest rates also delay construction as they serve to increase the trigger price.  A related extension, demonstrated by Holland and Moore (2001), concerns the impacts on project timing if the operating or construction costs of the storage facility are subsidized.  Subsidized costs would serve to lower the right hand side of equation (3.13) and lower the trigger price.  A lower trigger price will cause the project to be built before the efficient time, resulting in a loss of surplus that could be quantified through the use of this model.

While the theoretical model provides important insights about the water supply planning process, application of the model to the issues of concern for this report requires information about consumptive water demand, environmental benefits, water supply costs and climatic conditions, and the construction and operating costs of the reservoir.  While the cost and climatic data may be available, developing the other information poses a substantial challenge.  First, aggregate consumptive water demands in future time periods are necessary.  Second, aggregate social benefits of the environmental stock of water or ecosystem health need to be quantified.  This type of information is not available for the Northern Palm Beach County region. 
In the following sections we estimate the economic value of water storage using the two simplified approaches described in Section 3.3.2.  The ‘benefits based’ and ‘least cost’ approaches utilize available information for the region to provide alternative measures of the value of water storage.  Neither approach, however, provides results to determine the optimal size or timing of capacity additions. 

3.4
ECONOMIC DEMAND FOR WATER STORAGE CAPACITY IN NORTHERN PALM BEACH COUNTY
3.4.1.1
Current and Projected Municipal and Industrial Water Demand
As described in the prior section, the economic value of storage capacity (reservoirs) in the Northern Palm Beach County (NPBC) region depends on the various uses of stored water.  An important consideration is the present and future municipal and industrial (M&I) demand for water in NPBC and the availability of existing and future sources to meet these demands.  Agricultural users in Palm Beach County have not been defined as a potential user of additional storage capacity (no increased consumption from agriculture due to crop changes or increases in agriculture area) so they are not considered in this analysis.   To estimate future M&I demand for water in the NPBC region for this project, we relied upon the demand forecast methodology and results that were used in the Comprehensive Everglades Restoration Plan (CERP).  This methodology (described in detail in Appendix E of the CERP) is based on IWR-MAIN, a PC-based software tool developed by the U.S. Army Corps of Engineer’s Institute for Water Resources.  Because the IWR-MAIN methodology and application for forecasting water demands in South Florida is fully documented in the CERP, no further discussion of this methodology is provided here.

One notable difference between the CERP demand estimation and the demand estimates for this project is the definition of the service area that would be served by additional storage capacity.  In the CERP, the NPBC region is divided into two service areas defined as the Northern Palm Beach County area and ‘Service Area 1’ that encompasses Southern Palm Beach County and parts of Broward County.  Neither of these areas, nor the sum of the areas, is consistent with the areas and utilities included in the Northern Palm Beach County Comprehensive Water Management Plan (Vols. 1 and 2, 2002).  
To define a service area that is consistent with the NPBC Comprehensive Plan, we obtained the original CERP IWR-MAIN data files from the South Florida Water Management District (Carl Woehlcke, personal communication, November 1, 2002).  We then identified the individual utilities included as part of the NPBC region and constructed an aggregate estimate of demands in the year 2050 based on the CERP IWR-MAIN forecasts.  These 2050 estimates and the baseline 1995 estimates from the NPBC Plan are provided in Table 3.1.  These estimates are provided for individual utilities and the aggregate region.  Table 3.1 also provides comparable estimates for these utilities from the NPBC Plan in 2020, the last forecast year considered in the NPBC Plan.

The most notable information in Table 3.1 is the approximately 75 percent increase in aggregate water demand in the NPBC region between 1995 and 2050.  This aggregate increase from 81.76 million gallons per day (MGD) to 142.57 MGD is driven by increased demand across almost every utility (the exception being Tequesta) with some of the utilities more than doubling their 1995 demands.  These projections result in an average per capita water use of approximately 215 gallons per day in year 2050 (CERP, pp. E-54).

	Table 3.1 Past and Projected Water Demands for Northern Palm Beach County

	
	NPBC_Vol 2
	CERP
	NPBC_Vol 2
	CERP
	

	Utility
	1995 (MGD)
	1995 (MGD)
	2020 (MGD)
	2050 (MGD)
	 

	Good Samaritan Hospital
	0.35
	NA
	0.37
	NA
	

	Lion Country
	0.05
	0.05
	0.12
	0.08
	

	Mangonia Park
	0.34
	0.34
	0.34
	0.65
	

	Palm Beach Co (2W, 8W)
	18.69
	18.7
	28.61
	30.01
	

	PB Park Commerce
	0.01
	0.01
	0.98
	0.023
	

	PBC / Century Utilities
	0.42
	0.42
	0
	0.956
	

	Riviera Beach
	8.96
	8.97
	11.71
	13.73
	

	Royal Palm Beach
	2.2
	2.2
	0
	4.45
	

	Seacoast
	14.45
	14.5
	28.41
	37.11
	

	Tequesta
	1.41
	1.41
	1.75
	1.06
	

	Town of Jupiter
	9.49
	9.39
	13.2
	12.57
	

	United Technologies
	0.58
	0.58
	1.12
	1.16
	

	West Palm Beach
	25.22
	25.19
	42
	40.77
	

	Total
	82.17
	81.76
	128.61
	142.57
	 

	
	
	
	
	
	


3.4.1.2 Unmet Demands and the Economic Benefits of Avoiding Water Shortages
Future increases in demand in the NPBC region may not be met if water supply and/or storage capacity is inadequate.  These ‘unmet demands’ have an economic cost to individual water users arising from the inability to fully satisfy these needs.  This cost would be expected to increase as the severity of cutbacks caused by drought conditions increases.  To estimate unmet M&I demand in the NPBC region, we again relied on the demand analysis in the CERP because this is the only available study that compares demands with baseline supply availability (no supply augmentation or storage capacity) in the NPBC region.  The analysis utilized the year 2050 estimated water demands for each utility and supply availability based on rainfall conditions over a 31-year simulation period (CERP, pp. E-97 – E-104).  Unmet water demands (in millions of gallons) due to simulated water shortage restrictions over the 31-year period were calculated for each utility.  The resulting measure of unmet demands is a projection of the average shortage that would occur in year 2050 under baseline conditions.  The analysis also included projections of unmet demands that would occur with CERP alternatives designed to augment water supply and storage capacity. 

Following the approach outlined in Section 3.2, we utilized the original data from the CERP analysis and calculated the aggregate future unmet demand for the NPBC region.  We calculated the aggregate unmet demands under CERP Alternatives ‘C’ and ‘D-13R’ (the recommended plan).  This is a ‘with and without’ analysis because one CERP alternative includes a reservoir while the other does not.  Alternative C includes a list of possible water supply system enhancements that could be implemented in the South Florida region.  It includes some enhancements for the NPBC region that would reduce aggregate unmet demands in 2050.  A full description of these possible supply enhancements is provided in the CERP.  Alternative D-13R is the recommended CERP plan and, unlike Alternative C, includes a 48,000 acre-feet reservoir in the NPBC region.  It also includes aquifer storage and recovery (ASR) wells in the region that could also enhance water supplies.  The difference in unmet demands between Alternatives C and D-13R is a measure of the water shortages that would be avoided due to the NPBC reservoir.  The results of our calculations for the aggregate NPBC region are show in Table 3.2.   

Table 3.2  Changes in Unmet Water Demands in the NPBC Region under CERP Alternatives C and D-13R

	Plan Alternative 
	2050 Regional Demand (in Million Gallons per Day)
	Unmet Demands – Total and per Year (in Million 

Gallons)
	Difference in

Unmet Demands

	C
	       142.7 
	9,044.67

(291.76/yr.)
	--

	D-13R
	       142.7 
	6,309.32

(203.53/yr.)
	2,735.35

(88.24/yr.)


Table 3.2 shows that at 2050 regional demand levels, the implementation of Alternative C would not meet all projected water demands based on weather conditions in the 31-year simulation period.  The total unmet demands over the simulation period would be 9,044.67 million gals. (MG) or 291.76 MG in an average year.  The cutbacks that would cause the unmet demands are ‘Phase 1’ restrictions as defined by the South Florida Water Management District Water Shortage Plan (CERP, pp. E-94 – E-96).  This level of restriction is consistent with a 10 percent cutback in household water use during drought periods.  None of the simulated droughts over the 31-year period would result in more than a 10 percent cutback in the NPBC region.

Table 3.2 also shows the addition of a 48,000 acre-feet reservoir under Alternative D-13R would reduce total unmet demands at the 2050 regional demand levels by 2735.35 MG over the 31-year simulation period or an average of 88.24 MG per year.  We were not able to separate the portion of additional supplies that were attributable to the reservoir and the ASR facilities under D-13R, so the estimated reduction in unmet demands used here may overstate the potential contribution of the reservoir.  Nevertheless, a reservoir of this size would enhance water supplies in the NPBC region and avoid cutbacks that would have negative economic consequences for M&I customers.  As described previously, the unmet demands that are avoided with the addition of a reservoir are an economic benefit and one measure of the value of water storage in the region.

To determine the economic value of the water storage benefits provided by the reservoir, we adopted the dollar amounts used in the CERP analysis to assign values for different levels of water shortages (CERP, pp. E-101).  These dollar values include Phase 1 to Phase 4 water shortages but only Phase 1 values are relevant here due to the moderate water shortages that would cause future unmet demands to occur in the NPBC region.  The dollar values used in the CERP were derived from a survey conducted in 1992 by the Social Science Research Laboratory of Florida Atlantic University for the South Florida Water Management District (Herrero).  In the CERP analysis, the economic benefit to M&I users of avoiding a Phase 1 cutback was defined as $2.00 per 1,000 gallons (in 1992$).  Applying this value to the estimated reduction in unmet demands (from Table 3-1) attributable to a reservoir in NPBC yields the following calculation:

 2,735.35 MG times $2.00/1,000 gallons = $5,470,700 

This is the total benefit (for the 31-year simulation period) that would occur with 2050 water demands.  For an average year in 2050 and beyond, the annual benefit would be $178,474.  If we assume that the $2.00 benefit of avoiding 1,000 gallons in unmet demand in 1992 dollars increased with the rate of inflation, the value in 2003 would be $2.61 per 1,000 gallons.  Applying this adjusted value in the same calculation as above would yield total benefits of $7,139,264 and average annual benefits of $230,299. 

Note that this approach to storage valuation does not provide a direct estimate of the value of storage in the reservoir prior to the year 2050.  This is because the CERP analysis did not provide an estimate of unmet demands that would occur prior to 2050.  Therefore, the estimated average annual water storage benefits from a reservoir in NPBC should be viewed as an upper bound on the true benefit for periods prior to 2050. This is a lower end cost which does not reflect the increased cost associated with construction of alternative water supply sources such as desalination by reverse osmosis or the impact to agriculture (lost crops), urban areas (loss of grass and landscaping with the associate loss of value), environment (loss of habitat).  Cost on the order of $2.00 per thousand gallons supplied could only be achieved by the construction and operation of a permanent alternative water source. 
3.4.2
Flood Control Demand and Benefits from Water Storage
An additional potential benefit from water storage facilities in NPBC is the opportunity to divert water from flood-prone areas and thereby avoid economic damages caused by flooding.  An analysis of these benefits requires a comparison between flooding events in the region, the actual damages that occurred, and the potential mitigation that would result from flood control structures such as a reservoir.  Alternatively, a storm event simulation model could be used to estimate the damages and potential mitigation.

To estimate the economic value of flood control benefits in NPBC from a reservoir, we relied on prior work performed by Gulf Engineers and Consultants (GEC) under contract with the U.S. Army Corps of Engineers.  GEC used field surveys and interviews in areas of NPBC impacted during prior flooding episodes to estimate the economic damages caused by flooding.  These estimates were then combined with a simulation model developed by Burns and McDonald to evaluate how different flood control alternatives would influence the expected economic damages.  This analysis included a 48,000 acre-feet reservoir in NPBC as an alternative (the D-13R plan in CERP) so it is possible to directly evaluate the contribution of the reservoir in controlling flood damages.  We did not have access to the original field data and simulation modeling performed by GEC and Burns and McDonald so we could not verify the flood control benefits they estimated. 

Table 3.3 presents the estimated average annual flood damages and subsequent economic benefits from alternative flood control alternatives in the NPBC region from the GEC study.  Alternative 2 includes several flood control measures that are detailed in the GEC report.  Alternative 3 includes the same flood control measures and a 48,000 acre-feet reservoir adjacent to the L-8 canal.  Other smaller reservoirs in the NPBC region were also included in this alternative but we assume all the benefits of Alternative 3 derive from the L-8 reservoir.  The table shows that the reservoir in Alternative 3 has relatively little impact on the overall level of damages in the NPBC region.  Total damages, on an average annual basis, are reduced by $26,631 with the major reduction occurring in agriculture.  This reduction in damages is a measure of the flood control benefits of water storage in the NPBC region.

Table 3.3  Changes in Average Annual Flood Damages with a NPBC Reservoir

	Damage 

Category
	No Control

    Damages
	  Alternative 2

   Damages
	Alternative 3

   Damages
	Average Annual Benefits – Alt. 2 

   vs Alt. 3

	Structures
	$2,031,719
	$1,517,096
	$1,516,804
	    $292

	Roads
	  $288,323
	  $97,306
	 $97,306
	      $0

	Lawns
	    $44,323
	  $11,379
	   $7,940
	   $3,439

	Agriculture
	   $63,700
	  $46,700
	  $23,800
	 $22,900

	TOTAL
	$2,428,065
	$1,672,481
	$1,645,850
	 $26,631


3.4.3
Environmental Benefits from Water Storage
In addition to agricultural, industrial and urban water demand and flood control benefits, storage facilities can also contribute to environmental protection, enhancement, or restoration.  Where land use changes have caused alterations in the pattern of groundwater recharge and/or surface water flows, storage facilities may allow water flows to be regulated in such a way that more natural desirable hydroperiods occur.  In the case of the NPBC region, prior hydrological simulation work has indicated that additional storage capacity could contribute to augmenting surface water flows to the NWFLR, reduce freshwater discharges to Lake Worth Lagoon, and provide enhanced hydroperiods for the Loxahatchee Slough and GWP (South Florida Water Management District, 2002, Vol. 2, pp. 58 – 71).

To determine the economic value of restoring hydropatterns in the Loxahatchee Slough and GWP and more desirable discharges to the NWFLR and Lake Worth Lagoon, it is necessary to determine the specific benefits that would result for ecological, recreational, or commercial users of these resources.  For the NWFLR, this analysis should include the Loxahatchee National Wild and Scenic River and Jonathan Dickinson State Park (JDSP) that are managed by the Division of Recreation and Parks, Florida Department of Environmental Protection (FDEP).  Unfortunately, prior work on storage capacity in the NPBC region has not addressed the issue of how hydropattern restoration in the NWFLR or Lake Worth Lagoon would enhance the ecological and human services associated with these resources.  

FDEP has estimated that JDSP has a total direct economic impact on the local community of $5,101,443 (Bryan).  It is not possible, however, to determine how site visitation and local economic impacts would change with improved flows.  The types of studies necessary to estimate the economic value of environmental enhancement and (e.g. National Research Council) are beyond the scope of this project.  In addition, there is no consensus on the amount of freshwater flow that would be necessary to ‘restore’ the NWFLR.  A minimum flow of 35 cubic feet per second (cfs) from Lainhart Dam has been recommended to protect the health of the North Fork upstream of river mile 9.2 (South Florida Water Management District, July 15, 2002, pp. v).  The Division of Recreation and Parks (FDEP), on the other hand, has requested a minimum flow of 200 cfs to push the saltwater wedge back to the boundary of JDSP (Bryan, pp. K-6).  

In light of these uncertainties and lack of site specific information, the value of the environmental benefits expected from the increased water supply provided by the enhanced storage capacity in the NPBC region cannot be estimated with the same level of precision as the flood damage reduction and water supply impacts.  At best only an order of magnitude estimate can be obtained with extensive efforts.  One approach that should be explored is estimating the value of the natural areas by comparison with wetland mitigation credits.  For example if you assume that approximately 6,000 acres of the Loxahatchee Slough has a functional assessment of 0.6 and that the environmental enhancement will increase the functional assessment to 1.0 (a lift of 0.4) then this equates (without a mitigation factor) to approximately 2,400 mitigation credits.  If you use mitigation value of $30,000 per credit this equates to a value of $72,000,000.  Similarly, if you assume that the approximately 11,000 acres of the GWP has a functional assessment of 0.9 and that the environmental enhancement will increase the functional assessment to 1.0 (a lift of 0.1) then this equates (without a mitigation factor) to approximately 1,100 mitigation credits.  If you use mitigation value of $30,000 per credit this equates to a value of $33,000,000.  The combination of only these two environmental areas results in an illustrative value of over one hundred million.  While these numbers are only illustrative they do demonstrate the potential for considerable environmental value.  The illustrative numbers are not included in the economic valuation of water storage for this project to prevent confusion.  Future research on these issues may provide economic measures of these environmental benefits that would improve the analysis presented in this report.

3.4.4
Aggregate Benefits and Valuation of Water Storage
In this section we apply the economic valuation concepts described in the first three sections of this chapter using the information on economic demand for water storage in NPBC.  We estimate the economic value (net present value) of a 48,000 acre-feet reservoir based on the ‘with and without’ water demand and flood control benefits described in the prior sections.  This ‘benefits based’ approach is one estimate of the purchase price the SFWMD would be willing to pay for this amount of reservoir capacity.

To estimate the net present value of the reservoir, several assumptions were necessary.  These assumptions were intended to provide an evaluation of the long-term benefits of the reservoir and to determine the sensitivity of the valuation results to different assumptions.  These assumptions are also necessary to reconcile the time when the full capacity (48,000 acre-feet) of the NPBC reservoir would be available with the stream of benefits from the reservoir.

· First, we assume that the average annual benefits of water storage due to a reduction in unmet demands would begin in the year 2010 rather than in the year 2050 as in the CERP analysis.  This assumption would inflate the net present value of the reservoir given that other projects already scheduled for the NPBC region would be likely to satisfy M&I water demands prior to 2050.  

· Second, we assume flood control benefits would also begin in year 2010.

· Third, ecosystem benefits have no economic value due to the lack of information about the effects of hydrological restoration in the North Fork of the Loxahatchee River.

· Fourth, all benefits accrue for a 50-year period beyond 2010.

· Fifth, we use two discount rates to determine the present value of future benefits – the 6.875 percent rate used by the Corps of Engineers in the CERP and a 3 percent rate that reflects real borrowing costs for the State of Florida in 2003.   

· Finally, all values are given in 2003 dollars.

The calculations of net present value are based on the average annual benefits of $230,299 for water supply and $26,631 for flood control that were presented earlier in this section.  The net present value calculations based on the above assumptions along with the corresponding economic value of water storage in a 48,000 acre-feet reservoir in NPBC are presented in Table 3.4.  The table shows the cumulative value over the 50-year period for the water supply, flood control, and total benefits with the alternative discount rates.  The net present values are lower with the higher discount rate because the benefits occur in the future and therefore receive less weight with a higher discount rate in the present value calculations (equation 3.2a).

The ‘value per acre-foot’ calculations at the bottom of Table 3.4 are a measure of the direct benefits provided by each acre-foot of storage in a NPBC reservoir.  An alternative way to view these values is as a measure of the public willingness to pay for water storage in the NPBC region.  Assuming that all future benefits of storage are accounted for in the net present value of water supply and flood control benefits, any payment to provide storage greater than $47 or $113 per acre-foot would be inefficient.  Thus, for a 48,000 acre-feet reservoir, the estimated value would vary with the discount rate in the range of $2,267,421 to $5,421,409.  Payments for a storage facility in excess of this range would not be justified by the measurable economic benefits provided by the facility.  It should be noted that the considerable value of the environmental restoration could not be included due to the lack of site specific information.  The illustrative example based on the cost of replacement estimated by comparison with mitigation banking credits indicates considerable value in the environmental areas. 
Table 3.4  Economic Value of Water Storage in NPBC Based on Direct Benefits

	
	Net Present Value

At 6.875%
	Net Present Value

At 3%

	Water Supply Benefits
	$2,032,401
	$4,859,475

	Flood Control Benefits
	$235,020
	$561,933

	Total Benefits
	$2,267,421
	$5,421,409

	Value per Acre-Foot
	$47
	$113


3.5
LEAST COST ESTIMATES OF STORAGE VALUE

3.5.1
Surface Reservoirs in Region  

In this section, we estimate the value of storage in the NPBC region using the ‘least cost approach’ described in Section 3.3.2.  For the purpose of estimating the costs of alternative reservoir designs that could be used in NPBC, we identified several comparable Comprehensive Everglades Restoration Plan (CERP) storage projects in South Florida and a non-CERP project as shown in Table 3.5.  Each facility is defined with their CERP identifier and the identifier used throughout this analysis.  In our choice of relevant projects, we included all major above-ground reservoir facilities contained in the CERP
.  To this list we added a planned facility under construction by the Tampa Bay Water Authority.  These facilities can be used to estimate a least cost estimate of constructing an above-ground reservoir in NPBC.  As described in Section 3.3.2, this least cost approach provides an alternative measure of the value of storage capacity in the NPBC region.

Cost and structural data were collected for each facility.  Data for CERP projects (those with a CERP identifier in Table 3.5) were collected from the ‘Yellow Book’ (U.S. Army Corps of Engineers, 1999).  Recent information gathered from the Indian River Lagoon - South report (U.S. Army Corps of Engineers, 2002) updated design and cost specification of the C-44 Basin Reservoir (facility B), C-23/C-24 Northern Reservoir (UU7 N), C-23/C-24 Southern Reservoir (UU7 S), and C-25 Reservoir (UU7 C-25).  The Water Preserve Areas report (U.S. Army Corps of Engineers, 2001) was also used to update design and cost specifications of the Hillsborough Impoundment (facility M6). Tampa Bay Water Authority provided information on the Tampa Bay Water (TBW) facility.

Table 3.5 Planned Surface Reservoirs in South and Central Florida

	Facility
	CERP Identifier
	Report Identifier

	North of Lake Okeechobee Storage Reservoir
	A; A7
	A7

	C-44 Basin Storage Reservoir**
	B
	B

	C-43 Basin Storage Reservoir
	D; D5
	D5

	Everglades Agricultural Storage Reservoirs
	G; G5
	G5

	Tampa Bay Water Reservoir
	
	TBW

	Hillsborough Impoundment (Site 1)*
	M; M6
	M6

	C-23/24 Northern Reservoir**
	UU; UU7
	UU7 N

	C-23/24 Southern Reservoir**
	UU; UU7
	UU7 S

	C-25 Reservoir**
	UU; UU7
	UU7 C-25

	Palm Beach County Agricultural Reserve Reservoir
	VV; VV6
	V6

	Taylor Creek/Nubbin Slough Storage and Treatment
	W; W2
	W2


* Augmented from the Water Preserve Areas report (U.S. Army Corps of Engineers, 2001)

** Augmented from the Indian River Lagoon-South report (U.S. Army Corps of Engineers, 2002)

Structural information for each facility is displayed in Table 3.6.  Physical specifications of most of the facilities are also from the Yellow Book, Section 9-1.  Design specifications for B, UU7 N, UU7 S, and UU7 C-25 are from the Indian River Lagoon - South report.  Physical specifications of facility M6 are from the Water Preserve Areas report, and those of the TBW facility from Tampa Bay Water Authority.  

In developing methods to compare alternative reservoirs, it was necessary to adjust for differences in design and site specific attributes.  In order to make reasonable comparisons across projects, a measure of the storage capacity of each facility was needed.  We use effective capacity (described in detail in Chapter 2) as an indicator of facility yield.  This measure takes into account natural inflows and evaporation for each facility, but does not include seepage loses or operational schedules.  A measure of the effectiveness of each facility is defined as the percentage of total design capacity that actually provides effective capacity ((design capacity ( effective capacity) x 100).  Information on the effectiveness of the CERP reservoirs is presented in Table 3.6.  Given the climatic conditions in South Florida, shallower facilities are less effective than deeper facilities; all reservoirs with pond depths less than 10 feet were less than 90 percent effective.  It should be noted that the 1998 through 1999 period was a period of average rainfall (approximately 55 inches per year).  During average years, such as this, the rainfall equals or exceeds evaporation (approximately 48 inches per year).   During drought years rainfall is substantively below evaporation.  A similar analysis with drought year result in even lower effectiveness for the shallower reservoirs
Table 3.6
Physical Characteristics and Effectiveness of Planned Reservoirs

	Facility
	A7
	B
	D5
	G5
	M6
	

	Total Site Size (Ac)
	20,000
	6,280
	20,000
	17,500
	2,460
	

	Pond Size (Ac)
	17,500
	3,705
	20,000
	17,500
	1,680
	

	Pond Depth (Ft)
	11.5
	10
	8
	6
	8
	

	Design Capacity (Ac-Ft)
	201,250
	40,000
	160,000
	105,000
	13,440
	

	Effective Capacity (Ac-Ft)
	185,345
	30,585
	141,742
	88,847
	11,906
	

	Effectiveness
	92.10%
	90.94%
	88.59%
	84.62%
	88.59%
	

	
	TBW
	UU7 N
	UU7 S
	UU7 

C-25
	V6
	W2

	Total Site Size (Ac)
	
	4,075
	3,660
	741
	1,660
	10,000

	Pond Size (Ac)
	930
	4,075
	3,660
	647
	1,660
	5,000

	Pond Depth (Ft)
	50
	12
	12
	8
	12
	10

	Design Capacity (Ac-Ft)
	46,500
	48,900
	43,920
	5,176
	19,920
	50,000

	Effective Capacity (Ac-Ft)
	45,565
	45,191
	40,589
	4,585
	18,410
	45,470

	Effectiveness
	97.99%
	92.42%
	92.42%
	88.59%
	92.42%
	90.94%


3.5.2 Initial Costs

To develop comparable measures of facility cost, several dimensions of project cost must be included:

· Construction costs of the design,

· Land acquisition, mitigation and location,  

· Yield or effective capacity of the facility

· Initial and operation and maintenance (O&M) costs.

The first major component of initial costs is design construction costs.  Differences in construction cost primarily depend on the depth and perimeter (area) of each design.  Cost comparisons therefore need to take into account these dimensions, and eventually be viewed on a per acre-foot basis.  However, it is difficult to develop comparable cost measures for the CERP projects due to the multidimensional nature of these projects.  Using M-CACES cost estimates from the Yellow Book,
 we define adjusted construction costs
 of each project to be the sum of construction and equipment costs net of the costs of all non-reservoir features of each project (including storm water treatment areas (STAs) and aquifer storage and recovery (ASR) projects.  These costs are presented in the first row of Table 3.7. 

The second major component of initial costs is land acquisition.  Real estate costs vary by location and depend on prevailing land use patterns, the extent of necessary wetlands mitigation, connectivity to the current system, and their interactions.  Real estate costs presented in Table 3.7 are from the corresponding sources as construction costs.  Taken together, the sum of adjusted construction costs and real estate costs are defined to be initial costs in row 4 of Table 3.7.  

Cost comparisons across facilities are provided in Table 3.7 on a per acre-foot basis.  Using design capacity, both adjusted construction costs and initial costs are presented per acre-foot in rows 5 and 6 of Table 3.7.  Initial costs on a per acre-foot basis of effective capacity are in the sixth and seventh rows of Table 3.7.  Ranging from $1,256 (D5), to $4,159 (G5) per acre-foot of design capacity, the average initial costs for the facilities in our sample are $2,927 per acre-foot of average capacity.  With the exception of facility G5, there appear to be some economies of scale in the construction of these storage facilities.  Project idiosyncrasies, however, are important in determining the overall magnitude of costs.   Rows 7 and 8 of Table 3.7 show the costs per acre-foot adjusted for the effective capacity of each reservoir.  This adjustment results in a higher cost per acre-foot for all facilities with the extent of the increase determined by the effectiveness of each reservoir.  Initial costs per acre-foot of effective capacity range from $1,402 (D5) to $4,915, with an average of $3,255 per acre-foot.  Figure 3.8 provides a graphic display of the per acre-foot costs of each facility based on the design and effective capacity.  

Table 3.7
Cost Data for Planned Reservoirs

	Cost Category
	A7
	B
	D5
	G5
	M6
	

	Adjusted Construction Cost
	$91,650,000
	$70,280,000
	$68,614,000
	$350,112,000
	$34,799,000
	

	Real Estate Cost
	$189,720,000
	$49,432,267
	$132,621,000
	$86,536,000
	$8,358,000
	

	Real Estate Cost per Ac
	$9,486
	$7,871
	$6,631
	$4,945
	$3,409
	

	Initial Costs
	$281,370,000
	$119,712,267
	$201,235,000
	$436,648,000
	$43,184,000
	

	Adjusted Construction Cost per Ac-Ft (Design Capacity)
	$455
	$1,912
	$429
	$3,334
	$2,589
	

	Initial Cost per Ac-Ft

(Design Capacity)
	$1,398
	$3,257
	$1,258
	$4,159
	$3,213
	

	Adjusted Construction Cost per Ac-Ft (Effective Capacity)
	$494
	$2,086
	$484
	$3,941
	$2,923
	

	Initial Cost per Ac-Ft

(Effective Capacity)
	$1,518
	$3,553
	$1,420
	$4,915
	$3,627
	

	[image: image44.wmf]$0

$500

$1,000

$1,500

$2,000

$2,500

$3,000

$3,500

$4,000

$4,500

0

50000

100000

150000

200000

250000

Capacity ac-ft

$/ac-ft

Design Capacity

Effective Capacity

V6

M6

TBW

B

W2

D5

A7

UU7 N

G5

UU7 S

Annual Operations, Maintenance, Repair, Replacement and Rehab Cost
	$1,515,245
	$323,790
	$6,707,889
	$14,458,409
	$2,052,608
	

	
	TBW
	UU7 N
	UU7 S
	UU7 

C-25
	V6
	W2

	Adjusted Construction Cost
	$120,580,303
	$48,846,000
	$48,975,000
	$21,835,000
	$21,776,000
	$74,326,000

	Real Estate Cost
	$39,298,000
	$39,532,664
	$37,323,657
	$8,325,156
	$57,657,000
	$29,700,000

	Real Estate Cost per Ac
	NA
	$9,701
	$10,198
	$11,235
	$34,733
	$2,970

	Initial Costs
	$159,878,303
	$88,378,664
	$86,298,657
	$30,160,156
	$79,433,000
	$104,026,000

	Adjusted Construction Cost per Ac-Ft (Design Capacity)
	$2,593
	$1,007
	$1,128
	$4,050
	$1,093
	$1,487

	Initial Cost per Ac-Ft

(Design Capacity)
	$3,438
	$1,822
	$1,988
	$5,594
	$3,988
	$2,081

	Adjusted Construction Cost per Ac-Ft (Effective Capacity)
	$2,646
	$1,081
	$1,207
	$4,762
	$1,183
	$1,635

	Initial Cost per Ac-Ft

(Effective Capacity)
	$3,509
	$1,956
	$2,126
	$6,577
	$4,315
	$2,288

	Annual Operations, Maintenance, Repair, Replacement and Rehab Cost
	
	$323,790
	$331,940
	$386,660
	$1,019,500
	$2,164,144
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Figure 3.7
Initial Costs per Acre-Foot of Design and Effective Capacity in Planned Reservoirs

3.5.3
Lifecycle Costs 

The preceding analysis compared initial costs across planned facilities.  By definition, these costs neglect operational considerations for the facilities over their lifecycle and are not complete measures of all relevant costs.  To complete the cost analysis, it is necessary to add estimates of expected annual operation, maintenance, repair, replacement and rehabilitation costs over the expected life of each facility.  The addition of these future costs changes the analysis from a static to a dynamic context.  Each facility requires a lump sum of initial costs, but this amount may be spread out over some construction interval, followed by a stream of operation and maintenance (O&M) costs extending into the future.  For comparability, is therefore necessary to discount all costs from the period in which they occur to a common value, through a net present value analysis (NPV).  

In our NPV analysis we follow the procedures described in Section 3.3.  The core assumptions of the analysis are: 1) each facility has a fifty-year useful life; 2) construction begins in 2005; 3) construction takes five years and is completed by 2010 with initial costs accruing in equal increments over each of the five years; 4) O&M costs begin in 2010 and extend the for the remaining 50 years of useful life; and 5) there are two relevant discount rates, the Corps's official rate of 6.875%, and a State of Florida real borrowing rate of 3%.  Given our assumptions, both the initial costs and O&M are essentially fixed payment annual annuities, the initial costs from 2005 to 2010 and O&M costs over the following fifty years.  O&M costs were obtained from CERP Yellow Book specifications as described previously.  The sum of the NPV's of initial and O&M costs provide the lifecycle costs of each facility.

Results of the NPV cost estimates (expressed in 2003 dollars
) using a 6.875% discount rate are presented in Table 3.8.  Because real estate costs are highly variable across locations, the NPV estimates are presented for each facility without real estate costs (adjusted construction costs) and with real estate costs (initial costs).  The initial costs plus O&M provide lifecycle costs, a measure of storage costs that is not location dependent.  These lifecycle NPV costs are then expressed in terms of the design and effective capacity.  Comparable results using a 3% discount rate are presented in Table 3.9.

The NPV of lifecycle costs, per acre-foot of effective capacity for each facility in Table 3.8 provide a wide range of estimates.  Per acre-foot costs range from $1,500 (A7) to $6,951 (UU7 C-25), with an average of $3,588 per acre-foot of effective capacity, at a 6.875% discount rate.  With a 3 % discount rate, per acre-foot costs range between $1,854 (A7) and $9,114 (G5) per acre-foot of effective capacity.  The mean under this discount rate rises to $4,892 per acre-foot of effective capacity.  Figure 3.8 provides a graphic display of the costs per acre-foot for each facility with the alternative discount rates.

Table 3.8 
Net Present Values of Costs, 6.875% Discount rate 

50 Year Life, Construction Initiates in 2005, 5 Year Construction)

	Net Present Value

(NPV-6.875%)
	Cost Category
	A7 
	B 
	D5 
	G5 
	M6 

	Total NPV
	Adjusted Construction Cost & O&M
	$100,004,971
	$68,936,284
	$126,408,603
	$462,202,865
	$51,632,123

	
	Lifecycle Costs
	$278,014,890
	$115,317,445
	$250,843,842
	$543,397,607
	$59,499,576

	NPV per Ac-Ft

/ Design Cap.
	Adjusted Construction Cost & O&M
	$497
	$1,861
	$790
	$4,402
	$3,842

	
	Lifecycle Costs
	$1,381
	$3,112
	$1,568
	$5,175
	$4,427

	NPV per Ac-Ft

/ Effective Cap.
	Adjusted Construction Cost & O&M
	$540
	$2,046
	$892
	$5,202
	$4,337

	
	Lifecycle Costs
	$1,500
	$3,423
	$1,770
	$6,116
	$4,997
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	UU7 N 
	UU7 S 
	UU7 

C-25 
	V6 
	W2 

	Total NPV
	Adjusted Construction Cost & O&M
	$48,825,254
	$49,021,657
	$24,062,829
	$29,859,513
	$89,750,526

	
	Lifecycle Costs
	$58,917,845
	$84,041,587
	$31,874,131
	$83,957,752
	$117,617,354

	NPV per Ac-Ft

/ Design Cap.
	Adjusted Construction Cost & O&M
	$998
	$1,116
	$4,649
	$1,499
	$1,795

	
	Lifecycle Costs
	$1,757
	$1,914
	$6,158
	$4,215
	$2,352

	NPV per Ac-Ft

/ Effective Cap.
	Adjusted Construction Cost & O&M
	$1,080
	$1,208
	$5,248
	$1,622
	$1,974

	
	Lifecycle Costs
	$1,901
	$2,071
	$6,951
	$4,561
	$2,587


Table 3.9 
Net Present Values of Costs, 3% Discount rate 

50 Year Life, Construction Initiates in 2005, 5 Year Construction)

	Net Present Value (NPV-3%)
	Cost Category
	A7
	B
	D5
	G5
	M6

	Total NPV
	Adjusted Construction Cost & O&M
	$134,519,728
	$84,622,196
	$223,939,927
	$705,574,952
	$83,739,377

	
	Lifecycle Costs
	$343,630,470
	$139,106,795
	$370,115,743
	$800,955,551
	$92,981,385

	NPV per Ac-Ft

/ Design Cap.
	Adjusted Construction Cost & O&M
	$668
	$2,284
	$1,400
	$6,720
	$6,231

	
	Lifecycle Costs
	$1,707
	$3,755
	$2,313
	$7,628
	$6,918

	NPV per Ac-Ft
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/ Effective Cap.
	Adjusted Construction Cost & O&M
	$726
	$2,512
	$1,580
	$7,941
	$7,033

	
	Lifecycle Costs
	$1,854
	$4,129
	$2,611
	$9,015
	$7,810

	
	
	UU7 N
	UU7 S
	UU7

C-25
	V6
	W2

	Total NPV
	Adjusted Construction Cost & O&M
	$60,997,488
	$61,319,871
	$32,615,842
	$46,543,060
	$129,771,745

	
	Lifecycle Costs
	$104,570,673
	$102,458,273
	$41,791,888
	$110,093,019
	$162,507,298

	NPV per Ac-Ft

/ Design Cap.
	Adjusted Construction Cost & O&M
	$1,247
	$1,396
	$6,301
	$2,336
	$2,595

	
	Lifecycle Costs
	$2,138
	$2,333
	$8,074
	$5,527
	$3,250

	NPV per Ac-Ft

/ Effective Cap.
	Adjusted Construction Cost & O&M
	$1,350
	$1,511
	$7,113
	$2,528
	$2,854

	
	Lifecycle Costs
	$2,314
	$2,524
	$9,114
	$5,980
	$3,574



Figure 3.8
Net Present Values of Lifecycle Costs Per Acre-Foot Effective Capacity




(6.875% and 3%, 5-Year Construction, 50 Year Life)
3.6
STATISTICAL ANALYSIS OF PLANNED RESERVOIR COSTS

We use the results of the preceding sections to estimate a statistical relationship between facility capacity and costs through regression analysis.  This approach avoids arbitrary cost estimates based on point estimates for specific facilities.  We specify a cost function based on the relationship between initial costs per acre-foot, ICi, and the facility's design capacity, CAPi, for each of the facilities listed in Table 3.7.
  The cost function is assumed to have a logarithmic specification given by,
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For any level of capacity, (3.14) provides an estimate of the average initial costs per acre-foot, 
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.  This specification provided a good empirical fit to the data, as shown in Figure 3.9.  The parameter estimate of the intercept ( was found as a = 12.259 (significant above the 1% level) and the estimate of the slope (T found to be bT = -0.418 (also significant above the 1% level).  The model had an adjusted R-squared of 0.869.  

In a similar fashion, we estimate the relationship between operation and maintenance costs, O&Mi, and facility capacity.  In this case, a linear relationship specified as,
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provided the best fit to the data.  This model also demonstrated a reasonable degree of fit with an adjusted R-squared of 0.238.  The parameter estimate of (O was bO = 23.961 (significant at the 5% level).   Together, the estimated cost expressions are,
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where standard errors on the estimated coefficients are in parentheses.  Predicted values of 
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are plotted along the observed data in Figure 3.9.  The shape of the cost function indicates that there are some economies of scale in initial construction costs as the per acre-foot costs decrease with the size of the reservoir. 

Table 3.9 presents the average cost estimates from (3.14a) and (3.15a) for a 48,000 acre-foot reservoir.  The table also shows the NPV of lifecycle costs per acre-foot of capacity using the lifecycle assumptions described earlier in Section 3.5.3.  These estimates, based on the least cost approach, indicate that the value of storage in 2003 ranges between $2,300 and $2,959 per acre-foot of effective capacity.


Figure 3.11
Observed and Predicted Initial Costs per Average Ac-Ft in CERP Projects
Table 3.10
Average Cost Estimate of Water Storage in NPBC for a 48,000 Acre-Foot Reservoir.

	Initial Costs
	$111,956,516
	NPV 

6.875%
	NPV

3%

	Annual O&M
	$1,150,128
	
	

	NPV Lifecycle Costs
	$110,399,896
	$142,033,558

	NPV Lifecycle Costs per Ac-Ft / Effective Cap.
	$2,300
	$2,959


3.7
COMPARISON OF VALUATION APPROACHES

Two different approaches to estimate the value of water storage in NPBC were utilized in this Chapter.  The first approach was based on the potential economic demand for a storage facility and the expected benefits.  The data and analysis used to implement this economic ‘benefits based’ approach were derived from the CERP and other studies of the benefits of storage in NPBC as described in Section 3.4.  The second approach sought to determine a least cost estimate of providing water storage in NPBC assuming that a 48,000 acre-feet reservoir was necessary.  This approach was also based on CERP data as described in Section 3.6.  Neither approach considers the optimal timing of storage additions or the optimal storage capacity for the region.

We applied these alternative approaches to determine the net present value (NPV) of a hypothetical 48,000 acre-feet reservoir in NPBC.  Due to the long time frame for the analysis (50 years), discount rates of 6 7/8 and 3 percent were used for the NPV calculations.  The net present value was presented as both the total value of the reservoir and a value per acre-foot of effective storage capacity.  Both approaches provide an estimate of the purchase price the SFWMD would be willing to pay for this amount of reservoir capacity.  These values are summarized in Table 3.10. 

The results in Table 3.10 reveal a large difference in the net present value estimates from the two approaches.  The benefit based approach yields total values ranging from $2.27 to $5.42 million for a 48,000 acre-feet reservoir or $47 to $113 per acre-foot, depending on the discount rate.  The least cost approach, on the other hand, produces total value estimates of $110.4 to $142.0 million or $2,300 to $2,959 per acre-foot. The net present values are lower with a higher discount rate with either approach because a higher discount rate gives less weight to benefits or costs that occur further in the future.  

These large differences in the valuation estimates from the two approaches occur because the measurable benefits, as identified and quantified by the limited efforts of this report, from additional storage capacity in the NPBC region are small relative to the estimated costs of adding storage capacity.  The combined benefits of mitigating unmet water demands and providing incremental flood protection in the region are significantly less than the cost of capacity additions.  Additional benefits from storage capacity would occur with hydrological restoration of the North Fork of the Loxahatchee River and/or Lake Worth Lagoon.  But, the lack of quantified information on the ecological benefits of restoration precluded any consideration of these benefits in this analysis.  The illustrative example based on the cost of replacement estimated by comparison with mitigation banking credits indicates considerable value in the environmental areas.   Given the importance of these potential ecological benefits in planning for storage capacity additions, the regional modeling analysis in Chapters 7 and 8 will explicitly address the options for capacity additions, and related costs, to meet different flow criteria in the NWFLR.  

Table 3.10  Comparison of Valuation Estimates for a 48,000 Acre-feet Reservoir in North Palm Beach County

	Valuation Approach
	Discount Rate
	Value per

Acre-Foot
	Total Value

	Benefit Based
	3%
	$113
	$5,421,409

	
	6.875%
	$47
	$2,267,421

	Least Cost
	3%
	$2,959
	$142,033,558

	
	6.875%
	$2,300
	$110,399,896
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� Subscripts I and IV in Figure 3.4 indicate points associated with Phase I and Phase IV shortages.


� Where the amount of the transfer is the same in either shortage, (WsI - W1I) = (WsIV - W1IV), and obviously constrained by the storage facilities capacity.


� Assumed to be a twice differentiable, concave function.


� Second order conditions are maintained through the concavity of the benefit function.


� Where we assume Uq(q,S), US(q,S) > 0, Uqq(q,S), USS(q,S) < 0 and USq(q,S) = 0, and subscripts indicate derivates. 


� The concavity of U(.) maintains the sufficient condition associated with (2.5a).  


� where superscripts - and + indicate the variable evaluated in the limit as ( is approached.


� Both the North Lake Belt and Central Lake Belt storage facilities (CERP components XX6 and S6) were not included in this component of the analysis given their unusual, in-ground design features.


� From the CERP (U.S. Army Corps of Engineers, 1999), the Water Preserve Areas report (U.S. Army Corps of Engineers, 2001) and the Indian River Lagoon - South report (U.S. Army Corps of Engineers, 2002).


� We term our estimates as "adjusted" to differentiate them from published estimates.


� All CERP cost data were adjusted from their 1997 dollar value to 2003 dollars using the Purchaser Price Index for "Total Manufacturing Industries", http:www.bls.gov.


� Facility G5, the Everglades Agricultural Storage Reservoir, is excluded from the estimation due to the project's highly idiosyncratic costs that are heavily influenced by non-reservoir canal system and pump costs.
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