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Summary of Results

Everglades restoration will have importantiasignificant economic impacts on several basic services
provided by this massive and complex ecosystem. Wedpitéhese services intix distinct divisionsFor
each of these categorjege conservativelyestimatedusing best available data and eomic methodshe
increase ireconomicvalue of a restored Evergladesosystem

Summary of Ecosystem Services Valuation of Everglades Restoration
Service NPV Best Estimate
1 Groundwater purification S 13,150,000,000
2 Real Estate S 16,108,000,000
3 Park Visitation S 1,311,588,000
4 Open space S 830,700,000
5 Fishing
Commercial $ 524,100,000
Recreational $ 2,037,000,000
6 Wildlife Habitat and Hunting S 12,539,900,000
TOTAL Value of Services " s 46,501,288,000
Initial Investment S 11,500,000,000
Benefit-Cost Ratio 4.04
All calculations are based on discount rate of 2.1% .

Our analysis strongly suggests that restoration of the Everglades as described and plannBdniil G&wre
largeeconome benefitsOur best estimate is that restoration will generate an increase in

economic welfare of approximately$46.5billion in net present value £rms that could range

up to $123.9billion . The return on investmeras measured by the benafist ratio assuming a cost of
restoration of $1.5 billion, is also high and significaj#.04,which means for every one dollar invested in
Everglades restoration $4.04 dollars are generated. Everglades restoration will also have an incremental
impact on employmerof about 442,000 additional workers over 50 years. In addition, the Corps of
Engineers estimates there will be 22,000 jobs created as a result of the actual restoration projects.
Throughout our analysis, we have taken a very conservative approadmadiest Accordingly our best
estimates almost surely understate the return on investment of Everglades restoration.

Summary of Jobs Results
Sector Incremental Jobs
Commercial Fishing 6,798
Recreational Fishing 36,868
Residential Construction & Real Estate Services 273,601
Tourism (Lodging, Eating & Drinking, Transportation, Retail, Entertainme 48,552
Agriculture (3,724)
Wildlife Habitat & Hunting 80,569
TOTAL 442,664
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Preamble and Executive Summary

We have been commissioned by the Everglades Foundation to place an economic valuation on
Everglades restoration. The Everglades aretsagical wetland$ a fi Ri v esr0 oa n dGrnausc h
much more. In order to catalogue the huge array of potential products and services flowing out of
the Everglades, we envision this vast natural cauldron as a firm. Ponder General Electric. Among
many other things, General Electric producesinadmaging, jet engines, and financial

services. Each of its product lines has revenues and costs. GE manufactures and creates the
products, and buyers purchase them. In almost every case, the buyer places a higher value on the
product than the purchapéece. The Everglades system is like GE, except that buyers do not
directly pay for the products they consume. Instead, consumption is enjoyed in large measure
without any compensation to the owner or producer, because there is 1uefivedd owner and

naure is the producer.

We approach our job as if the Everglades were a +prdtuct firm like GE, and we task

ourselves with estimating the values that consumers place on its products and services. In that
taxonomy, Everglades restoration is akin to ariess opportunity, and the Comprehensive
Everglades Restoration Plan, CERP, is a detailed business plan. Our job is to produce a set of pro
forma financial statements to complement and complete that plan. As with all pro forma
projections, we have made asgotions about the future. We have attempted to make our
assumptions as reasonable, visible, and transparent as possible so that readers can adjust our
findings based upon their own assessment of the proper assumptions. As in any analysis of this
type, thebest assumption is not always obvious. Therefore, in many cases, we have provided a
range of estimates, but we also offer what we think is our best estimate. In all cases where there
was no clear choice regarding an assumption, we took the conservativacp Accordingly,

in the analysis you see below, we believe that our estimates are at the lower end of the range
(lower bound) and follow best practices in economic methodology.

We have broken this muliroduct firm, the Everglades, into six distiitisions and a seventh
catchall branch. These are:

Groundwater purification and aquifer recharge

Real estate

Park Visitation

Open space

Fishing

Wildlife habitat and hunting

Water quality, biodiversity, and carbon sequestration

Take groundwater purifi¢en and aquifer recharge as the first of many services produced by the
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Everglades. CERP, if enacted as planned, will restore Everglades sheet flow. Restored sheet flow
will, in turn, provide additional fresh surface water and groundwater. Consequertdy, wa

available for municipal and private use will be less saline, that is, ground water extracted for use
by South Floridians will be less saline and require less electricity to become usable and potable.
Because it costs money to desalinate water, on&sdhat a restored Everglades would provide

is reducing the cost of desalinating increasingly brackish groundwater. In order to assay this
revenue stream, we have assumed that restoration will return South Florida groundwater and
surface water to its 1976vels! Using data from that period, and assuming that restoration

would create water of similar salinity to that period, we can project how much money the people

of South Florida willnot have to spend desalinating groundwater as restoration unfolutiein
words, Everglades restoration means that groundwater will not be as salty and that less energy
will be required to prepare it for human use. Salty water must be treated to remove chlorides. As
the groundwater is more salty, it takes more electrioiyurify the water for humans.

Restoration reduces the amount of electricity required and thus is a direct benefit in terms of
energy cost savings. We estimate these restoration savings to come primarily from reduced
expenditures on energy which wouldhetwise be used to filter out more saline pushed through
membranes to create usable water.

In Table A below, we report in summary format our results of computing the value of services
for all the product lines listed above. In our detailed documentdhaivs, we provide thorough
insight into our methods, sources, and our exact assumptions. They are only sketched and
summarized here. Each division has associated with it a table detailing the best estimates and a
range of estimates that we deem plausifbgin, for parsimony of presentation here, we have

not included all the details of our calculations. They are available in the full document below.

Your empirical analysis of ground and surface water supports this assumption. Salinity levels appear
relativdly constant in ground water test wells up until the early 1970s when they began to grow commensurate with
Everglades flow reduction.

“While it might be argued that fewer plants will have to built for water purification after restoration, this is
not accuate according to our models. Population and income growth will likely necessitate the construction of new
plants, but restoration will not preclude these investments. Hence, the virtue and benefit of restoration on
groundwater purification comes only fraime lower expenditures required to clean the salt from the less briny water
not from less capital investment in plants. Plants will have to Betbiaccommodate increased demand for water,
which will not be impacted by restoration.
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Table A Summary of Ecosystem Services Valuation of Everglades Restoration
Service NPV Best Estimate
1 Ground Water Purification $ 13,150,000,000
2 Real Estate S 16,108,000,000
3 Park Visitation S 1,311,588,000
4 Open space S 830,700,000
5 Fishing
Commercial $ 524,100,000
Recreational $ 2,037,000,000
6 Wildlife Habitat and Hunting S 12,539,900,000
TOTAL Value of Services 8 46,501,288,000
Initial Investment S 11,500,000,000
Benefit Cost Ratio 4.04
All calculations are based on discount rate of 2.1% .

Our analysis strongly suggests that restoration of the Everglades asateaodiplanned in

CERP will have large and important economic benefits. Our best estimate is that restoration will
generate an increase in economic benefits of approximately $46.5 billion in net present value
terms® The range of this estimate can be aghtds $123.9 billion.

The return on investment, assuming a cost of restoration of $11.5 billion, is also high and
significant. Our best estimate is that the bermdit ratio is 4.04 with a range as high as 9.78.
The bottom line, as our analysis strongliggests, is that the rewards of restoration far outweigh
the economic costs. It is important to note that these ah#rgesn value to a restored
Everglades. Our valuation does not represent the total value of services that flow from this
ecosystemgurrently or in its restored state. It is the incremental or marginal increase in value
from implementing restoration.

To provide perspective, Table B below reports computations on (1) the total value of services per
person in the 8ounty South Floridaegion, (2) the ratio of total services to total income in

2007, and (3) the present value of total income in 20ese calculations say that the total

value of ecosystem services from a restored Everglades amount to an increase in wealth for each
peron in the region of about $5,129 on atimee basis, which is approximately a 0.3 percent
increase in their wealth (narrowly defined for purposes here as the present value of income over

3 We believe that # overall welfare impacts, as distinct from the simple benefits, are even larger. Details
on this economic distinction are provided later in this report.

4Using the 2007 Census data on population and income.
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the next 50 years or an 12.9 percent wealth increase when comp#rent annual income).
These computations suggest that the impacts of restoration are not only real and economically
meaningful, but also reasonable.

TABLE BRelevance and Impact of Restoration with respect to Income
and Wealth

Value of Services peapita $5,129
Value of Services per dollarafinualincome 12.%%
Value of services per npv of income 0.30%
Details

Groundwater Purification and Aquifer Recharge Valuation

Avoided Groundwater Desalination Costs

Groundwater in the coastal cowediof the South Florida Water Management District (SFWMD)

is growing increasinglyrackish It will have tobe desalinated beforeostuses. The capital cost

of desalination, given theurrentstate of reverse osmosis (RO) technology, is driven by the
volume of fresh water that must be produced, which in turn is driven by population growth and
perhaps other factors (for instance, climate and incoified operating cost of desalination, on

the other hand, is a direct function of the salinity of the watartirSaltier water must go

through the RO membranes at a higher pressure, which requires more €hernggstoration of
sheet flow according to CERP can be expected to decrease groundwater salinity,thecause
additionalfresh watefiltered into the aqgifer from above will displace seawater seeping tht®
aquiferfrom below. So, conservatively, restoring the Everglades can be expected to result in at
least the energy cost savings fratesalinaing lesssaline groundater. We ignore any capital

cost saings that might come from possibly having to build fewer desalination plants in the first
place We also ignoréabor and maintenance cost savings from using less saline imgted of
assumingfor instancethat RO membranes fail at higher rates whiginerpressure, more saline
water is pushed throughlhis is in keeping with our desire to be ut@nservative with respect

to our estimates. It is reasonable to subjectively estimate that our metrics of benefits are biased
on the low side because big conservative approach.

® Our use of the phraskesalinatiormight be onfusing to some people. Here we aogtalking about
taking salt out of ocean water instead we are referring to the act of removing salt from brackish or slightly salty fresh
groundwater.
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Under assumptions detailed below, we estimate that these energy cost savings would be
substantial and vary by county within the region. Growing energy costs would increase these
estimates. Improvements in desalination technolegyld decrease them. One assumption that
affects our cost savings estimates is whether all the groundwater withdrawn must be desalinated.
We have made two different assumptidirst, that all groundwater i® bedesalinated, and

second, that only thegundwater currently classified as saline must be desalinated.

General Approach and Data ®urces

Our model has three steps. First, wedibe volume of groundwater withdrawn and its salinity

as observed over time to infer the change in salinity overdke50 years without Everglades
restoation Next, we inferedthe yearly desalination cost over the same period using regression
analysis and engineering data published by the Texas Water Development Board (TWDB).
Finally, we repeadthe cost calculatins assuming thait the Everglades were restored
groundwater salinity wouldeturnto its 1970 level and stay there even as the volume of water
withdrawn grove as population and demand grow.

In other words, we assughéhat implementing CERP would rdsin a new steady stagterhere

the aquifer would be replenished with fresh water to a sufficient extent that it could sustain
increased withdrawals with no increase in its salinity. The difference between the discounted
streams of yearlgroundwaterdesaination cost with and without the Everglades restored is our
estimated economic benefit in the form of avoided desalination costs that can be credited to
CERP.In the next40 or 50years, south Floridians will still need to desalinate their water, but it
will cost them less becausaéter restoration, thevater will be less saline.

We collected data oground and surfaceater use in SFWMD, by county and by year, from the
US Geological Survey (USGS). We collected salinity data from DBHYDRO, the official
SFWMD data repository of water research results, and from the National Water Information
System (NWIS) maintained by the USGS.

Technical Details on Water Supply Calculations
The USGS collects countgvel data on water withdrawals every five years. Werdszested in

® We havenotmade any adjustment to our predicted levels of gremater salinity based on any sieael
rise that might accompany global climate change. Restoration is a marginal adjustment toagteunrsalinity. If
climate change increases sea level and that leads to higher salinity of ground water, it wilfFedstaiean the
water, but that impact is separate and independent of our estimate of any changes in salinity that occur as a result of
restoration of sheet flow.
\'



data for the 16 counties in the SFWMD. The earliest available records are from the 1985 data set.
Thelatest available are from 2008sing these data and yearly population figures by county
over the same time span, we extrapolated watebugearsnto the future Details are provided

in the full report below.

One of theDBHYDRO measurements is chloridencentrationn milligrams per literEach
measurement comes with the location of the station and the date it was taken, so it is
straightorward to combine them into yearly averages per county. The USGS maintains the
National Water Information System (NWIS), a similar online database with itslolande

records, with the same unit of measurement, also with locations and time stamps. Both
DBHYDRO and NWIS record salinity separately by growaterand surface water. In the case

of groundwater, we are interested in measurements taken in wells no deeper than 500 ft. Below
this depth, the water is saline. Southern Florida's fresh groundwatesdmom surficial

aquifers, with water withdrawn from depths well above =@ f

Groundwater in the 16 counties has been growing increasingly brackish oveFhiseesult
occurseven after discarding any samples taken from depths either unkngneater than 500
feet (Figure 1). It is reasonable, then, to assume that desalination will be needed for all

Groundwater salinity in the 16 counties of SFWMD
Chloride mg/L at depths above 500 ft.

NWIS, Chloride, water, filtered (p00940), All GW Sites
44,735 samples
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groundwater withdrawn in SFWMD in the future, whether by private or public water supply
systems. Restoring the Everglades will help decreasepeeted cost of desalination to the
extent that it will succeed in reversing the trend of increasing groundwater salinity. We
conservativelyassume thatusfacewater will not be affected.

The exercise assumes that CBRBuId result in groundater salinty restoring to itsteady state
1970 level and have no effect on surface water salinity. Without CERP, we assume that salinity
would continue to grow along its current path as shown in the right panel of Figure 1.

The Cost of Desalination

Desalination requires a capital investm@ntilding the plantsand an ongoing operating cost
(energy usednaterialsmaintenanceand laboy. As the watemputbecomes mar saline, it

must be pushed through RO membranes at a higher pressure. Though the baseline of this
relationship is dropping as RO technology improves, it remains true that the higher the pressure,
the higher the energy expended, and there are no ecorafrsizge in this process. This is of
interest to us, because everything else is subject to either scale effects or factors depending on
local characteristics. For exampliarger plants, as well as plants designed to operate at a higher
baseline pressurbave some efficiencies built. The cost of disposing of the brine via deep

well injection dependenlocal geographic options for doing so. The same goes for the cost of
disposing of the concentratgludge saturated with impurities other than)sSalve have not

imputed any benefitestimate to the expected lower cost of brine disposal that will follow from
restoration and less desalination. We are uncertain what these cost savings might be, and hence
our conservative approach is to note this fact andenom until further information is available.

We estimatd the annual cost of energy as a function of water input salinity assuming an energy
price of $.08 per kW/h, based on the average electricity price in Florida for industrial use ($.0767
in 2007). Tken we projected this annual desalination cost for each SFWMD cayinén its

projected water withdrawals (ground and surface) and their respective salinity levels given their
current path (groundwater salinity expected to rise at a growing rate as ishieiguare 1;

surface water salinity, not shown, expected to remain unchanged). Then we repeated the
calculations with salinity levels held at their 1970 level.

" We assume that it takes 2p8i to treat 3,00@ng/L of chloridewater, and it takes about0DOpsi to treat
30,000mg/L seawater. Therefore we assume that as salinity grows by a factor of 10, the pressure required grows by
a factor of 5. Filling in a few intermediate values, we estimated, via linear regression, the functional relationship
between and pressure and salinity.
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Water Supply Results

Our avoided desalination cost estimate is the difference between prajestdihation costs
given the current path of rising salinity versusjected desalination codisldingsalinity
constant at its 1970 lev@ur expected environmental effect of CERWe perfornedthis
calculation under two assumptions regarding wattdrdrawnby public and private parties

the SFWMD over the next 50 yeaFsrst we assumethat all water will have to be desalinated;
secondve assumethat only the water classified as saline will have to be desaliraétdils

are provided in the futeport below.Though the latter sounds obvious and results, as expected,
in a lower estimate, the former is also deemed plausibigent readings show that all
groundwater in SFWMD tested at depths abovef&($ salineto some extent, and growing
more saline on average. If not all of it is treated now, it might need to be in the future. Net
present values of the yearly savings between 2010 &@d26 shown in Table 1.

Assuming lowered desalination resulting from restoration of the Everglheesst savings
from energyuse reduction will besubstantial. For purposes hanee madesomeadditional
assumptions. First, we accumulated the cash flows oveAB)and 56year periodsSecond,
we discounted the dollar amounts by the current realoé@stpital to municipalities in South
Florida, 2.1percent

We next report our calculations in pro forma format for the other services and products listed
above While we have gone to some length in this section to give a sense of our methods, in the
sunmary sections below we are more succinct and parsimonious, however, complete discussion
of all our methods and technical details are provided in each relevant section of the main
document.

8 Details on our use of this particular discount rate are discussed later in the document.
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mather:

Table 1 Value of Groundwater Purification and Aquifer Recharge Services from Everglades Restoration

Assumptions:
Return on Investment,
Total Growth 3% Total Benefits water supply only
Adjusted for Unadiusted
u . .
Income Growth 0% Growth ) Adjusted [Unadjusted
Population Growth 1% $ 27,974,488,275 $13,150,812, 90¢ B OACES 131% 9%
Energy Cost Growth 2% $ 18,671,662,550 $10,306,678,95: B OALES 54% -159
Technology 0% $ 11,222,040,888 $7,408,688,81( EALES -7% -39¢
SF Muni Bond Rates 4,509
Inflation 2.409
Discount Rate 2.100
Initial Investment  $ 12,100,000, 00(
County Estimates, Adjusting for Grov
Years Broward Charlotte Collier Glades Hendry Highlands Lee M artin
L r L F F L F F
N PV 50 $4,609,492,133 $1753,556,508 $3,037,706,282 $1919,983,244 $1162,162,385 $698,345,814 $424,886,022 $1914,496,540
r r r F r r r F
N PV 40 $3,109,313,065 $1269,883,770 $2,155,116,915 $939,722,627 $853,459,336 $481608,784 $267,666,580 $1268,848,876
L r L F F L F F
N PV 30 $1896,237,894 $857,682,344 $1407,512,215 $266,441931 $571550,030 $298,391,864 $145,288,674 $759,955,278
Miami-Dade Monroe Okeechobee Orange Osceola Palm Beach Polk St. Lucie
r r r r r r r r
N PV 50 $1007,782,981 $844,489,817 $445,303,896 $1933,953,018 $968,626,070 $5,004,265,681 $1,120,046,038 $1129,391,846
F F F F L L F F
N PV 40 $725,449,099 $592,881,240 $280,842,498 $1157,340,508 $624,711,897 $3,478,682,745 $701642,250 $764,492,361
r r r r r r r r
N PV 30 $478,860,798 $377,843,554 $151122,484 $587,782,360 $361,506,661 $2,205,447,197 $384,229,243 $472,188,362




Water Quality and Residential Real Estavaluation

Impact of Improved Water Quality
We anticipate that a restored Everglades will improve the quality of surface water in the 16
county South Florida Water Management District.

Water plays an important role in the determination of resideeidlastate values. Proximity,

type (ocean, bay, lake, river, etc.), view, size and quality are among the water attributes that are
valued by real estate buyers. For example, lakeside or seaside properties sell at a premium to
properties located away fronodies of water. A home on a clear stream trades at a premium to a
similar home on a polluted stream. Of course, water and its attributes are only a small part of the
bundl e of attributes that deter mi neximitytpor opert
a city, and a great many other factors also play important roles. But imagine a thought

experiment of taking a given house and property on some body of water and changing nothing

but the quality of the water. Now observe the change in propdttg wasociated with that one

single environmental change. That thought experiment describes our method.

Economists have developed techniques to quantify the incremental value of environmental
attributes. One of the often used and robust techniques esdgkihedonic pricing. This method
estimates the price people are willing to pay for individual product characteristics, such as a
swimming pool or air conditioning, and environmental goods, such as air and water quality,
holding other attributes constatudies consistently show that the water quality effect is
positive; that is, property located on or around high quality water is more valatgd@dethings

the samethan property located on or around lower quality water. The magnitude of this effect is
generally in the 0.5 percent to 7.0 percent range. That is, some level of water quality
improvement can have up to a 7 percent impact on real estate values. The same techniques also
find, for example, positive effects on air quality and negative effecppaximity to toxic waste
sites. These results are both intuitively and scientifically robust.

For the purposes of this study, our role is to estimate the impact on residential real estate values
that will derive from a restored Everglades due to im@noents in water quality. The aggregate
owneroccupied residential real estate value in thedénty SFWMD is approximately

$976.217 billion. Based on a survey of hedonic estimates of water quality effects, the elasticity
of real estate values with respeztvater quality is .07054Assuming that water quality, as

°A 100 percentimprovement in water quality will produce a 7.0%rcentincrease in real estate values.
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measured by dissolved oxygen, can be returned to 1970 levels as a result of restoring the
Everglades, this implies that there is a potential 23.4 percent improvement in water quality.

Combiningthese estimates, we estimate the incremental value of a restored Everglades on real
estate across all 16 counties as:

$976.217 BillionH.07054 X .234 $16.08 Billion

This change represents a 1.65 percent increase in the aggregate value of reahesiate,

well within the range of typical studies on water quality effects. However, we have also done
whatif analysis, to examine the impacts based on different levels of water quality
improvements. The results of that analysis are reported in Tablach also lists the county
by-county best estimates of additional ecosystem services forthcoming from cleaner surface
water via a restored Everglades. We also estimated the increased value of real estate by
assuming that nitrogen levels would not achidseeltigh levels of 2004 and 2005 hurricane
years. These estimates are also reported in Table 2.

Next we discuss the additional change in value of services relating to recreation and park
visitation that we expect will flow from restoration of this teapetaall the Everglades.
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Table 2 Value of Everglades Restoration on South Florida Real Estate via Improved Water Quality

Real Estate Value Improvement - Best Estimate

Incremental Real

Years Until
Water Quality
Goals Met

1

o b w N

Potential Increase
in Real Estate
Value at 2.1%
Discount Rate

15,777,000,000
15,452,000,000
15,134,000,000
14,823,000,000

B BB BB

Sensitivity Analysis

Potential Real Estate Value Improvement Using Various % Change in Water Quality

Basis

14

1%

5%

23% - Best Estimate

25%

L4

50%

100%

Suspended Solids Model
Nitrogen Model

$
$

536,000,000 $
689,000,000 $

5,357,000,000
6,887,000,000

$

16,108,000,000

$
$

13,392,000,000 $
17,216,000,000  $

26,785,000,000 $
34,433,000,000 $

53,570,000,000
68,865,000,000

14,518,000,000

Gty Estate Value

Broward $ 3,032,000,000
Charlotte $ 261,000,000
Collier $ 974,000,000
Dade $ 4,379,000,000
Glades $ 7,000,000
Hendry $ 21,000,000
Highlands  $ 96,000,000
Lee $ 1,058,000,000
Martin $ 333,000,000
Monroe $ 307,000,000
Okeechobee $ 21,000,000
Orange $ 1,561,000,000
Osceola $ 340,000,000
Palm Beach $ 2,807,000,000
Polk $ 557,000,000
St. Lucie $ 353,000,000
Totals $  16,108,000,000

Discount Rate

2.10%
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Recreation and Park VisitatioWaluation

The Everglades are one of South Floridads mai
lakes and wetlands unique to the Evergladeste sightseeingphotographybird watching,

manatee watching, campingycling, boat tourssailing,airboat tours, canoeingature hikes,

kayaking, hunting, shelling, saltwater fishjragnd freshwater fishind.ogic dictates that

Everglades restoration would increase the quality of these agiwaitid, consequently, the

number of resident and naasident visitors to the Everglades. This increase in recreational and
tourist activity translates to an economic value that we estimate here.

In economic studies similar to this one, sometimes, touissseen as a catelfl category. Here

we have tried to use a more latike approach and break tourism down into smaller categories

of recreation, park visitation, bird watching and wildlife habitat, hunting, and fishing. Thus, we

have nooverallcategoy cal |l ed Atouri smo per se. However,
because it subsumes all the sategories and avoids the temptation or problem of doubling

counting.

To estimate this economic valuee wmplogdthe travelcost methodThe basic prerse of the

travelcost method is that expenses people incur while traveling to a recreation site or tourist
destination represent the price of admission in the economic sense of opportunity cost. This

outl ay of expendi t ur e sssto-pal,thatis thesvalielthatat r avel er 0
recreationist or tourist plasen accessing a particular site. By aggregating the travel

expenditures of all visitors to an unrestored Everglades, then projecting a marginal increase in

those expenditures attributaldteEverglades restoration, we estinuktiee recreational and

tourism component of CERPOG6s economic value.

Our approach has five stages. First, we collected historical data on park visitation in South

Florida!® Because many recreationists and touriststviioavel t o t he Ever gl ade
national parks, preserves, state parks, and sanctuaries, we assume changes in park visitation

reflect changes in overall tourist and recreational demands. Second, we used data from National

Park Service visitor sueys to determine the ratio of residents to-nesident visitors for each

park.Third, we estimated coungpecific, petperson, peday travel expenditure figures for both

residents and neresidents who visit the Everglades parks, preserves and s@stta

1 For the Everglades NationBhrk, Big Cypress National Park, Biscayne Naildtark, The Dry
Tortugas, Loxahatchee National Wildlife Reserve and Corkscrew Swamp Sgnetearbtained data specific to
the total number of annual visits by their recreational activity. For the stdt® pag obtained countgpecific
visitor data.
"There were ten counties with specific data on the average daily expenditure-fesitemt tourists. For
counties that did not have a nogsident per day expenditure, we used an average daily expendifl@4c00,
calculated by the Fish and Wildlife Conservation Commission for wildideving in Florida. To estimate resident
travel expenditures, we used the National Park Service visitor survey data to calculate an average per day resident
expenditure forounties that overlap with a national park: Collier, Monroe and Made.For counties that did
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In our fourth stage of analysis, we establishdzhseline of recreational and park visitation
expenditures by multiplying the counsyecific resident and neresident expenditures by the
number of resident and naasident park visitorgzinally, in our fifth stagewe estimated the
marginal increase in recreational gratk visitationexpenditures under aggrcentincrease in
park visitation projected ou5/ears. Preliminary regressions of water qualitgt sourist
expenditures confirrthis © be a likely scenario. See Tablé.%

Table 3.1Recreationaland Park Visitation
Expenditures 2 Percent Increase over 5@ears

County NPV Incremental Increase

Broward $103,206,003
Charlotte $58,458,420
Collier $178,150,74(
Lee $122,795,151
Martin $13,306,73]
Miami-Dade $201,075,047
Monroe $518,206,43(0
Okeechobee $987,239
Orange $25,849,076
Palm Beach $49,055,665
Polk $5,519,029
St. Lucie $34,978,795
Total $1,311,588,324

Our best estimate of the change in tourism valuation is based peraeht increase oved5

years. This amounts to an increase in economiclyegtig of $1.31billion in net present value

terms.

OpenSpace Valuation

If completed CERPwill produce approximately 157,555 acres of preseopesh space in South

Florida.In the absence of CERP, this land would likely be inaccessilthee publicandor
devel oped as
land will provide enhanced recreational opportunities and aesthetic beodfitsresidents of

Fl

ori daods

popul ati on

gr ows .

not have specific data on the per day expenditure for residents, we used the same FWC&iendtifereport
which estimated an average daily expenditdr$58.00 for residents.

2 The counties not listed in this table have tourism benefits in other categories, hunting, wildlife viewing,

and fishing.
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South Florida. In this section we quantify these values.

To estimate the value of opspace preservation, we employed a ratiige process. First, we

used data from the Trust for Public Lands to estimate $peeific and countgpedfic
willingnessto-pay (WTP) values per acre of preserved open spuée estimated typspecific

WTP values because open space preservation projects of different scale and proximity produce
different bundles of aesthetic and recreational benéf@pecifcally, we grouped the open space
and conservation projects into three types: local gpace bond initiatives, statgde

conservation projects and federally funded wetland preservation projects.

We estimated countgpecific WTP values because the ni@afjvalue of operspace

preservation depends on numerous geographic and demographic variables such as population
density and proximity to population centers. Everglades restoration under CERP will encompass
restoration projects throughout South Floridausing geographically specific values adds

precision to the opespace valuation.

Averaging across all counties, we estimated WTP values per acre e$genpreservation of
$12,133 for county projects, $4,505 for state projects, and $740 for fgdaralked wetland

projects. These figures comport with economic rationale; voters are willing to tax themselves at a
higher rate for open space that they can enjoy more often and moretbasity|ocal open

space.

In the second stage of our analysig, estimated courtgpecific operspace value ranges for
each CERP project. We did this by multiplying the county, state and federal WTP values by the
number of acres yet to be acquired under each

Park Restat i on0 project is in the ALower West Coas
acres yet to be restored. Because the ALower
andleecounti es, we multiply an aver @gstateof those

($2,716) and federal ($740) WTP values by 40 to estimate a range e$pgeanvalues
attributable to that particular CERP project. Our eppace value estimates for that project
range from $485,331 (local WTP) at the upper bound to $29,600 (féd@r), with our best
estimate being $108,652 (state WTP).

In the final stage of our analysis, we aggred#te range of opespace values across the
remaining acres of each CERP project. We report these aggregations for county, state and federal

13We gathered acreage and expenditure data by-eteencing the Land Almanac and other
conservation datases reported by the Trust for Public Land.

1 For instance, a municipal park in Broward County generates significantly different open space values
than does a federally funded wetland restoration in Glades County.

15 Because we did not have data for logaéo space bond initiatives in these counties, we used the state
wide average of $12,133.
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WTP vales. These typspecific value estimates define the range of possible-gpace values
from Everglades restoration. Because CERP most closely matches the kind-spapen
preservation projects used to calculate the $tated WTP value, the statevel WTP estimate is
our best estimate of the total opgmace value attributable to Everglades restoration under
CERP. That estimate £330,733,000n net present value terms.

Table 4.1 Open Space Valuation Increase from Everglades Restoration

Open Space
CERP Region Gounties Valuelncrease
Everglades Agricultural Area | Palm Beach and Hendry $31,187,000
Everglades, Florida Bay, and
Keys Broward and Miami $318,739,000
Okeechobee, Glades, and
Lake Okeechobee Watershed| Highlands $30,509,000
Lower West Coast Hendry, Glades, and Lee $41,611,000
Miami Dade County Miami-Dade $115,507,000
North Palm Beach County Palm Beach $5,752,000
Upper East Coast Martin and St. Lucie $215,220,000
Water Preserve Area Palm Beach, Broward, and Miam $72,208,000
Total $830,/33,000

Table 4.2 summarizes these calculations, our assumpdioth®ur sensitivity analysis.

Table 42 Changes in Value of S. Florida Open Space Associated with Everglades
Restoration

Lagged Response Possible Range of Values
Years Until
Increase Present Value of
Begins Delayed Increase Various WTP/Acre of Open Space
1 $813,646,00q | Local State Federal
2 $796,911,00q | $2,763,345,000 $830,733,000 $116,593,00C
3 $780,520,000
4 $764,467,000
5 $748,743,000
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Fishing Valuation

Evemglades fishing is a big business, and it stands to be even bigger business if the Everglades
are restored along CERP guidelines. Florida is fishing. To best catchahges in fishing
associated with restoratipwe have broken our analysigo commeral and recreational
componentsThere is little difference, however, the analysi®r themethodused.

Commercial Fishing

We obtained data on commercial catch per species for each of the relevant South Florida
counties for the years 1986 through 28®Barlier data areonsidered unreliabl&Ve assume

that restoration will enhance commercial fish catohing to increased sheet floW/e estimate

the change by comparing current levels to desé&ls in the late 1980s. To be conservative, w
assumd that a restored Everglades would provide 75 percent of the difference between current
catch levels and catches in 198% first year in which there are reliable data

The estimates for expected p&ERP value (75 percent of 1989) and total future ddekgalue
depend on the length of time it takes the fishery to recover after the Everglades project is
completed"’ We calculated future dockside value by summing catch in all Everglades counties
for each species, multiplying this by .75, then multiplyingsthestimated numbers for future
catch by the pepound 2009 price for each spect®¥Ve summed these values to obtain the
expected future dockside value post restoration. We estimate that there will be an increase of
$23,271,221 per year in catch, aftee fishery is fully restored. This is a 43.3 percent increase
from current (2008) value. Table 5.1 shows the present value of commercial fishing value
increases over a Bfear period assuming a 0,-2@nd 30year fishery restoration timetable.

16 Commercial catch data obtained from Steve Brown at the Florida Fish and Wildlife Research Institute;
this data can also be viewed at http://research.myfwc.com/ésatiew_article.asp?id=19224

1t is plausible that there will be a short period of diminished catch after Everglades restoration as salinity
levels adjust in Florida Bay and elsewhere.

8 This method may slightly overestimate the impact of recoveryhgfices may fall as larger quantities
are brought to market. At this point in our analysis we have not determined the geographic scope of the relevant fish
markets and hence cannot determine whether the increased catch will impact price.
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Our best estimate is that commercial fishing catch will increase, in present value terms with a 2.1
percent discount rate, by a total of $524 million (assumingyea0time to full recovery for the
fishery)®

Table 5.1 Estimates of Commercial Fish Catch Increase From Everglades Restoration

Time for Fishery to Recover After Everglades
Restoration
Discount Rate Immediately 20 Years 30 Years
NPV
2.1% Increase $716,129,276 $524,131,653 $441,139,562

9 As a check omur estimateswe also estimated the change in fishery catch using data frometian
that went into effect in Florida in 1995. This method suggests that Everglades restoration will increase catch by
about 57 percent. To be conservative in our forecagsise the earlier, lower estimagdready discussed.
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Recreational Fishing

Largemouth bass ib¢ most commofreshwateffish targeted in the Everglades regfSithus,
we chose to use increase in recreational catch ofdsasproxyo estimate the increase in
economic benefitor recreational anglers due to CERP restoration.

On average, eaclecreational angler catches 59 bass each year in Southeast Florida, with an
estimated marginal value per fish of $428Zhe FWC 2006 survey of Fishing, Hunting and
Wildlife estimates that each angler in Florida spends 17 days fishing (this is an average of
residents and neresidents). Therefore, we estimated that on aveeamggers currently catch
3.47 bass per day fishing.

We again assumed that restoration will restore 75 percent of total fish populatisadas

estimate the changes in commercisting catchThe estimates for commercial fishing suggest
that there is potential for a 49 percent to 56 percent increase in commercial fishing catch post
CERP. It is assumed that this percent increase in commercial catch can likewise be applied to
recredgional fishing.

We conservativelyused the minimum estimate of a 49 percent increase in commercial fishing

catch for our estimate of increased recreational fishing catch. This provides a potential estimated
increase in catchgp angler per day of 1.7 &mThe total number of fishing licenses sBlah

2008 in thel6 Everglades counties was approximately 3623000 wever , t hdé FWC st
is important to note that only about half of Florida anglers actually have to purchase a license

due to various eemptions, so these numbers do not reflect participafibhherefore, we

multiplied angler licenses in Everglades countiesviay in order to estimate the number of

anglers fishing in these counties. We assiithis number 724,600 is an appropriate, thgh

likely low-end,estimate for the number of anglers fishing in Everglades counties in a given year.

The FWC estimates the average number of days spent fishing per angler at 17, which leads to an
estimated 12,318,200 angléays fishing in the Everglad.We multiplied this estimated

number of angler days by the estimated increase in Everglades recreational bass catch (per day,
per angler) pos€CERP (1.7) to get an estimated increase of 20,940,940 bass caught each year.
The estimated increase in valugedo restoration (based on a marginal value per bass of $4.32)

2 A survey of Everglades anglers by Feddeovided this information; 40 perceott saltwater angler days
are spent targeting largemouth bass.

L http://myfwe.com/CONSERVATION/FishingBassConservaGemter_Value.htm

#This includes both residents and nonresidents for freshwater licenses, saltwater licenses and combination
licenses

% stronge, W.BThe Economics of the Everglades Watershed and Estuaries: Ph264.@ Update of
Data Analyss (March 210).Prepared for the Everglades Foundation.

% hitp://myfwe.com/CONSERVATION/Conservation_ValueofConservation_EconFreshwaterlmpact.htm
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is then 90,464,861 for each year after restoration is complete.

Table 5.2 shows the present value of recreational fishing value increases oweaa périod
using this estimate of a $964,861 increase in value each year after CERP is complétixis
calculated for both a 2@&nd 30year restoration period (assuming catch increases linearly over
those years), as well as for instant restoration.

Our best estimate is that Evergladest@eation will increase the value of recreational fishing by
a total of $2.04 billion in net present value terms.

Table 5.2 Estimates of Recreational Fish Catch Increase From Everglades Restoration

Discount
Rate Time for Fishery to Recover After Everglad es Restoration
Immediately 20 Years 30 Years
NPV
2.1% Increase $2,783,890,688 $2,037,516,539 $1,714,891,823

Wildlife Habitat andHunting Valuation

While fishing is a major recreational activity in Florida, hunting and wildlife viewing are popul
pastimes as well. In this section, we detail our estimates of these economic impacts.

There are two important hunting groups in the Everglades: deer and waterfowl (primarily ducks).
Restoration stands to impact hunting, it turns out, both positivelyyagatively. Deer have

moved into and flourished in the drained wetlands of the Everglades, and ducks have been driven
out. Restoration will reverse these recent trends.

Using data for 17 statewide Wildlife Management Areas, we computed the ratioeabtiemic

value of hunting in the WMAs located within the Everglades to the econonuie ahunting in

WMAs statewide. From thiewer-bound estimates fawach WMAS s v welcalcalated the

ratio of hunting expenditures in the Everglatieghe entire stte We thenmultiplied this ratio

by the U.S. Fish and Wildlife Servicebds estim
Florida, $377,394,000 annuallfhis method leads to a baseline estinat&175,000,000 per

year that hunting in the Evergladestributes to the Florida economy.

Fluctuations in water levels apartly responsible for current high mortality rates among deer in

% We also estimated the total number of anglers in Everglades counties using the ratio (number Everglades
counties)/(nmber counties in Florida) and multiplied this by the estimated 2.8 million anglers fishing in Florida.
We then used this ratio to estimate the number of anglers in the Everglades to recalculate the increase in bass caught
and increase in value. The resate numberghatare similar and suggest that either assumption is appropriate.
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South FloridaCERP estimates that, with the restoration of the Everglades, white tail deer
populations will be reduced predrainage numbers, but that deer mortality due to drowning
and starvation will decreaseERP estimates suggest that deer hunting in Big Cypress National
Preserve should not be impacted in either direction, butldshunting in Everglades WMA

will be adversely affecte@or purposes of this model, we assumed no net change in deer hunting
in Big Cypressand a decrease of 75 percent in Everglades and Rotenberger WWMAS

decrease idue to lowerdeerpopulatiors and more difficulty in accessing hafle areaswhile
CERP does not make the Holey Land or Rotenberger as wet as the Conservation Areas, we
assumed that the Rotenberger deer hunting would respond similarly to the Evetglatfest,

as the discussion below reveals, we believe that thiswsrstcase scenario for deékle further
assumed that Holey Land would undergo half the total effect of Everglades or Rotenberger,
because it is already partially rehydrated. It #lasadyseen a notable transition from deer
hunting to waterfowl huntigas a result of these higher water levels.

The Everglades occupy the western portion of the Atlantic Flyw&lorida.Increasing year

round water levels in Everglades and Rotenberger WMAs would provide more ideal habitat for
waterfowl. It would also iduce a shift in hunting patterns in these areas from primarily deer
hunting to primarily duck hunting, as seen in Holey Land WMA after its restoration.

We used the rehydration of Holey Land WMA as a measure of the consequences of restoration
on hunting inthe EvergladesThis rehydration, which began in 1991, drasticahgnged

hunting patterns within the Holey Land WMA, and we expect a similar shift in the overall
EvergladesWe used days of hunting to estimate percent changes.

While the marginal impacif Everglades restoration on hunting expenditures might be negative,
the expected change in wildlHgewing expenditures is almost surely positive and far larger than
the potentially negative impact on hunting expenditures. The expansion of habitatgsrodu
additional services, primarily through viewing of birds and other wildlife. We have already
computed the additional value of viewing by tourists. Here, we estimate the habitat impact on
resident viewings in and around their homes, local bird and feildtatching. The increased
demand from restoration will also be reflected in increased expenditures on bird watching
equipment such as feeders, food and binoculars.

The US. Fish and Wildife Service estimates that theat ofFlorida generates more th&a
billion in annual expenditussby wildlife watchers°Of the 1.5 million people who engage in
awayfrom-home wildlife watching each yeanore tharil.1 million engage in waterfowl

26Table31;page39;FWlSFHWAR. We conservatively excluded from o
equi pment expenditured category beamlgdesandanctnotdravelorat t e mpt |
tourismrelated demand. If we had included this effect, overall impact of restoration would be calculated to be much
hi gher. AThe special equipmento category othelkexpendi tur
Our intent here was to capture local viewing, not tourism. This avoids a potential-doubteng problem.
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watching and 1.29 million watch other ngame water birds. In comparisanly 421,000

engage in viewing of large land mamm%?lsjsing data for 17 statewide Wildlife Management

Areas,for purposes of scaling the state total to the regi@ysed as a proxthe ratio of the

economic value of hunting in the WMASs located witEwerglades to the statewide val\iée
thenmul ti plied this number by the U.S. Fish and
economic value of wildlife watching in éida, which was $3.08 billioannually.This leads to

an estimated value of $1.43 hLidin per year that neeonsumptive wildlife recreation in the

Everglades contributes to the Florida economy.

The primary source of wildlifevatching value in Florida comes from bagatching, primarily

of wetlands species, either waterfowl or wading bffdS8ERP estimates significant habitat
improvement for watereliant bird populations, specifically waterfowl and wading bifidee
Everglades occupy the western portion of the Atlantic FlyweSouth FloridaConsequentlya
large portion of migrating watiowl pass through the Everglades on their way from Canada to
the Caribbearincreasing yearound water levels in Everglades and Rotenberger WMAs along
with Everglades National Park will provide more ideal habitat for waterfowl andjaore
wetlands birdslt will also induce a shift in wildlife watching demand in these areas due to
increased quality relative to other aré&s.

CERP estimates improved habitat for the following endangered species:
1 West Indian Manatee

American Crocodile

Snail Kite

Wood Stork

Cape Sable seaside sparrow

= =4 =4 2

We estimated the baseline value of habitat andaomsumptive wildlife appreciation in the
EvergladesWe used wading bird populations as our indicator metric for habitat value in the
EvergladesThe University of Florida estint@s thatjust prior to drainage, there was a stable
population of approximately 70,000 mating pairs of wading birds. This is our reference
benchmark for restoration. Using 2006 bird populations, our conservative best estimate is that
restoration will rettn these numbers to Percentof the 70,000 mating pairs reference
benchmarkWe then estimated the marginal impact of changes in species papsi@ demand

for viewing, providing an annual improvement in habitat value of approximately $424 million.

Though we have estimated a portion of these values in our recreation and park visitation model
which measures park visitation changes, wildlife viewing generates additional values not

2" Table 26; page 35; FWISFHWAR.
28 Table 26; page 35; FWISFHWAR.
29 CERP Sections 8.7 and 8.8
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captured by our park visitation model. These values should be consiezakvaluating
Everglades restoration, particularly to local residents who derive pleasure from the increased
number of animals residing around their honfesfully capture the value of the impact of
restoration on wildlife habitat and hunting, we sumniexlvalues from habitat and hunting
calculations. Our best estimate is that Everglades restoration will increase wildlife habitat and
hunting services by $407.4 million annually.

As a final word about habitat and hunting, it is important to note thatibect on hunting will

only be negative if significant numbers of deer hunters do not transition to duck hunting as duck
populations expand. The experience with Holey Land restoration suggests that it is complicated
to forecast the impacts on hunting asated with expansive additional CERP restoration. On the
one hand, it appears that additional duck populations attract people to duck hunting, and this is
reasonable from the point of view of economic theory. It may also be true that existing duck
hunterswill chose to hunt locally more often and forego trips to distant duck hunting areas such
as Louisiana, but we cannot estimate these shifts with any precision. In order to be conservative
we have assumed a very low elasticity of substitution betweeraddetuck hunting and a low
elasticity of new duck hunters. Accordingbur negative estimate on hunting is probably biased,
and the likely outcome is not so dire. Additional information on hunter switching could refine
this estimate.

Other Evergladed/aluations, Miscellany

There are four broad areas of ecosystem services that, at present, we have not conclusively
valued that might be forthcoming or enhanced as a result of Everglades restoration: the potential
for carbon sequestration, potential fd@mage reduction, the potential for enhanced water
purification, peat accretion and soil builth, and the option value of unknown compounds and

life forms living in the Everglades. While these values stand to be real and to change in
important ways as theverglades are restored, we are not prepared at this point in time to offer
estimates of the pro forma financial calculations for two reasons. First, the science of these
services is somewhat unsettled and unclear, compared to the other services, ahdrgecon
markets for these services are immature and undeveloped. Hence, while there is rampant
speculation about how these services might be highly valued and special, we are not presently
prepared to put hard numbers to these theaegardless of whahey might turn out to be.

We can note that if the world moves to a market for carbon sequestration, and such markets are
developing, the amount of carbon sinking in the Everglades could be important. Our best
estimate at this time is that the amount aboa sequestered is small, but we have low

confidence in that assessment. Moreover, the future of these markets is highly uncertain. So
basically, while we acknowledge the potential for important values of carbon sequestration
services and changes that itijow from restoration, in order to maintain our conservative
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stance, we will not add any hard numbers. As time proceeds, we will revisit our position on this
topic.

Another topic for further study is the potential for Everglades restoration to imSouta

FIl oridads water quality in ways not <captured
Because wetland ecosystems are known for effectively filtering nutrients, we suspect a restored
Everglades would produce significant cost savings in wedatment and create opportunities to
improve poor water quality. In particular, we have researched the potential for CERP to reduce
water quality treatment costs, beach closures and health impacts in South Florida. However, we
have chosen to omit the ecesponding valuations from this report because there exists

significant disagreement in the scientific community over the connection between nutrient
reductions and such water contamination cost drivers as harmful algal blooms, beacips/ean

and shellfsh poisoning® Like carbon sequestration, this topic should receive additional

attention as this research continues and progresses.

A third topic we might investigate further is the potential value of unknown compounds and life
formsinarestoredEverglae s. These are commonly called fAbi
found evidence of nascent markets in biodiversity. Michele Zeieds reports on a contract

between Merck Pharmceuticals and INBio, an NGO in Costa Rica for biodiversity

development! The anounts of money at play in this market are not fully public. We are

confident that there are others, and this appears to be a fertile area for further analysis. At

present, however, given the high levels of uncertainty, we are not prepared to put Hast and

estimates to these option values. Given the scientific and policy uncertainty over theseuopics,
omission makes our valuation estimates more roblostiever, future work should probably pay

close attention to developments here.

There is speculain that the current Everglades is more fire prone because of reduced sheet flow
Fire has been a part of life throughout the nature history of the Everglades, but the real issue here
is: How might one go about modeling the reduction of fire and thenasigrthe economic

impact of fewer and less severe fires? According to our principle of a conservative approach to
estimating benefits, we refrain from including any air quality or other impacts that a restored
Everglades might have on fire duration, irsiéy or frequency. With that said, we suspect that a
restored Everglades might likely have fewer fires or ones of less severity. And, we know that fire
can create negative economic impacts. Fires in the Everglades, as they do elsewhere, cause air
guality issues via smoke, plus they stand to destroy valuable property. Thus, reduced fires, if

they were to be a result of Everglades restoration, would count as an additional benefit. Clearly,

30'See Chapter 7 in the main documentddditional discussion on this topic.
iPreservin g Bi odi v e seoftheMerckNBioA\greemend et @: The Ca
Environment and DevelopmeB(2)(1997).
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additional work is warranted here.

Impact On Job Creation And Earngis

Restoration of the Everglades through the implementati@E&P willimpact jobs in thetate

of Florida. Changes to the different ecosystem seruct®e Everglades will impact the number
of jobs in a variety of industries and the economic actihiéy generatdn addition, the Corps of
Engineers estimates there will be 22,000 jobs created as a result of the actual restoratiof?projects.

It is very important to understand that jobs moéan additional benefit above and beyond the
present valuealculations we have already presented. Instead, they are an alternative way of
representing the overall change that is likely to be forthcoming from restoration. Economists
often speak of a circular flow of economic activity where firms purchase inpots (&bor,

capital and the like) from households in order to engage production. As compensation for the
release of these inputs, households are paid income (sometimes broken into finer gradients called
wages, interest, rents and profit). Firms then selloitputs made from the inputs to households

in exchange for money. According to this logical truism, one may count the sales of the goods
and services as one measure of the output of the firms, but one might also count the value of the
inputs consumed. Hy have to be equal by the accounting identity. Jobs then are a loose or
casual way of talking about the extent of economic activity being one of the primary inputs to
production (and hence consumption). Most academic economists would prefer to discuss the
sales of the output of the firms rather than the jobs used in production, but for some reason or
another, policy makers, pundits and politicians seem to prefer the jobs numbers approach. For
sure, jobs are easier to calculate and perhaps easier foolalg p@ appreciate. Our point here is

to respond to that latter audience, but it would beganistake for anyone to interpret our

discussion here as additive. The jobsra&n addition to the calculated benefits. They are an
alternative way of visuaing the impact of Everglades restoration. We urge the reader to be
careful and cautious on this point.

Our approach to estimating net job creation reliearomput/output model that uses data
generated by the key components of this study (inpaitsgimatethe number of incremental

jobs and earnings as a result of CEB&tguty. We calculated outputssing jobs and earnings
(or total economy) multipliers from different sourceslessotherwisespecified we used total
economic output multipliers teeflect the impact on the broader economy (direct, indirect and
induced jobs). In some cas@g used only direct multipliers to avoid overlap (double counting)
among the different sectoi/e used the followingdy inputs and multipliers

Commercial Fishing

32 See Kopecky report, January 22, 2010.
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1 Input Incremental dockside value of commercial fisheries (finfish, invertebrates and
shrimp)

1 Multipliers: Fishing producer employment multiplier (jobs/$ billion export value) from
the USDA Economic Research Service and Total Economy multiplier

Recreational Fishing

1 Input Incremental saltwater and freshwater anglers and expenditures in the Everglades
region.We used a wdified (50perceny tourist (visitor) yearlygrowth-rate to determine
the increase in anglers to the region (using ther2entiounst growth scenario)lhe
incrementahumberof anglers (over a growing base) due to a restored Everglades was
mul tiplied by awer aygpe exegamldy tfufrieshi(ngp avoi
tourism® shopping) to calculate incremental expenditures

1 Multipli ers Employment (jobs per $ million) and earnings (not total economy to avoid
overlap with tourism) from Tony Fedlerdés r
Fishing in the Everglades Region. o

Residential Construction & Real Estate Services

1 Input Incremental value (from the "Potential Value Increase based par2ant
Improvement in Water Quality” scenario) and subsequent activity in residential
construction and real estate services. Elasticity between "increase in real estate value" and
"increasem construction activityWasset at 0.5.

1 Multipliers: Residential construction and real estate multipliers (Direct + Indirect +
Inducedwec al cul ated from AShi mberg Center for
OF RESIDENTIAL REAL ESTATE ON THE FLORIDA ECONRY; 2005 update
(Using Roll Year 2004 Property Appraiser Daba)

Park Visitation
1 Input Incremental visitors and expenditures in lqeatk visitationby specific NAICS
sector:
0 Hotel and lodging
o Eating and drinking establishments
o Transportation
o Retail traek (shopping)
o Entertainment
1 Multipliers: Total effects multipliers from the REMI 1l model (from the MGM2 mqdel
the University of Michigan)We uilized Large Metro, Small Metro and Rural multipliers
depending on the specific county

Agriculture
1 Input Decrease in crop acreage (mostly sugane = 88%) due to repurposing for
stormwater storage and treatmaéffe ised the EAA Water Retention Scenaifios
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Agricultural Income Loss model (Marcel Aillery, et al) to determine the present value of
income loss in anTA+RS (Stormwater Treatment Area + Reservoir = 83,500 acres)
scenarioWe wed a 2.5 adjustment factor to include other crops and potential further
land acquisitions

1 MultiplierssWeused the USDA Economic Research Serv
Beets) prodcer employment multiplier

Table 8.1. Summary of Jobs ImpactResults

Sector Incremental Jobs

Commercial Fishing 6,798
Recreational Fishing 36,868
Residential Construction & Real Estate Services 273,601
Tourism (Lodging, Eating & Drinking, Transportation, Retail, Entertainme 48,552
Agriculture (3,724)
Wildlife Habitat & Hunting 80,569

TOTAL 442,664

In addition to the jobs created byethmpacts restoration, there will be jobs created to do the
actual work of restoration. The Corps of Engineers estimates that there will be approximately
22,000 jobs created in the construction projects detailed below in Table 8.2 as reported in
Kopecky (D10). Table 8.2 is reproduced, unaltered, from that report.

Table 8.2. Direct Job Creation as a Result of Construction, COE Estimat&s

Appropriation requests were run through IMPLAN (Minnesota IMPLAN Group) software.

This is an input-output analysis that attempts to project employment, output and

earnings for a given change or event in the ec
set up to run at regional levels, but contains a National function as well and this is what

was analyzed. There are three types of effects

1 Direct effectstake place only for the industry immediately affected:

1 Indirect effects concern inteindustry affects

1 Induced effectsmeasure the effects of the changes in household income. These
changes effect the related industreamployment.

The category of construction used was Sector 36 (Construction of other new non
residential). This is the closest to our construction technique.

3 See Kopecky (2010) which is reproduced hexactly.
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South Florida Water Management District
Job Creation in Everglades Restoration
AS RUN BY COE USING IMPLAN
February 1, 2009

Project Appropriation | Direct Indirect Induced Total
Request

Herbert Hoover Dike $77,000,000 645 382 510 1538
Rehabilitation (3)

C-44 Reservoir and $363,000,000 3042 1801 2406 7249

STA

C-43 Reservoir (1) $473,000,000 3963 2347 3135 9446

Kissimmee River (3) $31,000,000 260 154 205 619

Picayune Strand $57,000,000 478 283 378 1138

/FAKA Union Pump
Station Works and
Road Removal

Picayune Strand $52,000,000 436 258 345 1038
/Merritt Canal Pump
Station Works and
Road Removal (3)

C-111 Spreader Canal | $35,000,000 293 174 232 699

C-51/STAL1E $8,000,000 67 40 53 160

L31 North Seepage $5,000,000 42 25 33 100
Pilot Project (3)

Seminole/Big Cypress $3,000,000 25 15 20 60

3)

On Restoration Costs

Since CERP was ratified 10 years ago, it has become obvious that certain aspects of it were

either unreasonable or inappropriate. Accordingly, for this analysis, the original CERP storage
projects have been replaced with #eraative storage approach. This adjustment was made due

to reasonable doubts that have been raised regarding the feasibility of the original storage options
and their estimated costs. In addition, there exists a viable alternative storage methodnaith sou
cost esti mates. CERPO&6s original cost estimate
ground reservoirs, and the EAA reservoir. In 1999 dollars, these three projects cost $2.6 billion,
which represented 33.2 percent of the total $7.8 billion C&RRP Since the original plan was

completed, the feasibility and costs of these storage options have been reconsidered, and it is
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likely these costs were underestimated by a considerable amount. For our cost estimate, we have
removed these costs from t6&ERP estimate and replaced the three storage projects with the

River of Grass Reservoir storage option that has an estimated cost of $3.2 billion in 2010 dollars.
The net effect of these changes is to adjust the total Everglades restoration coststilihl.5

in 2010 dollars.

Notes

Diamonds and Water

Economics has a conundrum called the diameater paradox. This conundrum ponders why
diamonds, which are so unnecessary to life, are so valuable while water, so necessary, is so
cheap. The paradox is mdged by noting that the prices of diamonds and watemarginal
valuations to society of an additional unit of eaubt, the total or average valug&he implication

of this line of reasoning is profound. For instance, professional football players earch

higher salary than do high school teachers, yet it is almost surely true that the value of high
school teachers to the world exceeds the total value of football players. Marginal values do not
reveal total values.

So it is with ecosystem services @ny other product for that matter). Accordingly, if we were to
capture theotal value of Everglades restoration, we would have to engage a more complicated
and detailed process. Suffice to say here, our estimates are not total estimates. Theyuoaly capt
a portion of the total value of restoration. There is considerable consumer surplus, to use
economic jargon, that is not captured by our methodology. Thus, our approach understates the
total value to society of spending resources to restore the Edesgladeed, based on other
studies, our gut feeling is that the true total benefits are several times larger than our marginal
valuation estimates.

Consider Figure 2. Our calculations reported here effectively estimate the shaded area labeled E.
There & potentially a much larger area, labeled CS, that represents econorbeiwg)lor

willingness to pay, which buyers or consumers of services obtain without paying for them. We
call this consumer surplus. It is the unrequited or unfaitiappiness that consumer gets from

a purchaseabove and beyond the purchase pri& have not attempted to estimate this

component of economic system services, but as the graph suggests, the area of CS can be
substantially larger than the area of E, depending upoprtbe elasticity of demand for the

particular service. As our work progresses, we will attempt to assay and estimate these
valuations. They are important to any properly conceived analysis of economic wellbeing or
welfare.

XXiX



\
b

\

$ value of a unit of services %
\

A

A Alternative Demand for ecosystem service (more inelastic)

Marginal value of a unit of service
Demand for ecosystem service

expenditure on service (E)

.
Cal

Quantity of Services

Figure 2 Product expenditure and consumer surplus

Regarding theffect of restoration jobs, from thgoint of view of economic welbeing or

welfare, thamportant consideration is not total jobs, but incremental welfare above and beyond
the opportunity cost of time or leisuta.a way similar to consumer surplusost workers are

paid wages higher than the underlying value of their tiFhés is called economic rent or

producer This is measured by the triangle above the supply curve of labor. Therefore, while
many people vieyobs as an economic good, the real increase in welfare comes not from
employment, but from wages higher than the lost alternatives of leisure or home production. We
have not estimated these additional benefits in our analysis, but suffice to saystihg lik
uncounted consumer surplus we mention, it stands to be important and non trivial. Our omission
of this additional welfare makes our estimate of return on investment even more conservative.

Outrunning the Bear

At the outset of this evaluation, we prsed to execute our assignment according to best

practices and methods of economic science. We believe we have lived up to this promise, and we
invite all readers to evaluate our success. It bears noting that one of thetiored tenets of

economic métodology, owed to Nobel Laureate Milton Friedman (and many others) is the

concept that it takes a theory to beat a theory. In this spirit, while readers may criticize or

disagree with our assumptions and techniques here, any such complaints will faif earde

unless a superior alternative is proposed. Put bluntly, we will not accept criticism that simply
says, AYour assumptions are wrong. o0 Let the ¢
What this means in practical terms is that our work me¢dbe perfecin order to be useful and
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acceptable. It just needs to be better than the rest. Thisdbagan that we believe we have

done our job as well as it can be done. Rather, it is meant to convey that our minds are open to
suggestions of bettevays to do this project but not to simple statements that our work is wrong

or incorrect. The Olympic Gold Medalist need not set a world record to climb to the top of the
podium at the medal ceremony. She only need outrun the woman in second places&®fwo®u

hope that each piece of our work Asets a worl
better than any other work tendered or suggested.
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Introduction

The Ever¢pdes is a vast ecosystem comsjprg approximately three million acres, a gudpic
wetlands covering a significant portioh®outh Florida. The wetlands system is fed by rain and
water from Lake Okeechobee which is filled locally and by the Kissimmee,Rikieah flows

into the lake from the North. Figus8 and 4show the vastness of the wetlands ecosystem. Note
to the obvios, because of the climate and ocean resources, this is a popular placedins.hu

The population of MiamDade County alone is approximately 2.5 million people and has grown
by 11 percent over the past decdti&ccording to official documents from the Staf Florida:

The Everglades Ecosystem extends from the Chain of Lakes south of Orlando to
the reefs beyond the Florida Keys, an area covering 18,000 square miles.
Historically, freshwater moved south from Lake Okeechobee to Florida Bay in a
broad, slowmoving shedi 120 miles long and 50 miles wide but less than a foot
dee® creating the Everglades. Known as the River of Grass, the Everglades is
the second largest wetland on the planet. The Everglades is an enormously rich
ecosystem, providing habitat tordreds of species of birds, fish and other

wildlife. In the late 1800s, primitive canals were dug to drain the vast wetlands in
South FloridaAdditional alterations continued throughout the 20th century, as
more than 1,700 miles of canals and leveedywakanged the landscape,
interrupting the Evergladesd natural sheet
sea. An astounding 2 million acres, or more than half the Everglades wetlands,
were lost to development. Marjory Stoneman Douglas was the fpsibiaize

the problems of the Everglades in 1947, describing an ecosystem that was
beautiful yet already clearly suffering. Just one year later, in 1948, a massive
project to provide essential flood protection and water managem8atith
Floridawas appoved. While the Central and Southern Florida Project allowed the
regiondébs rapid growth, it worsened the Eve
about 1,000 miles of levees, 720 miles of canals and almost 200 water control
structures. Much of the draid@rea became sugar farms or was heavily
urbanized®

Everglades National Park sits in the midst of the ecosystem and occupies nearly 1.4 million
36
acres

Everglades National Park is a subtle place where earth, water and sky blend in a

34 Demographic details of each county in the region are reported below in Table 1.
% http://lwww.dep.state.fl.us/ern/restoration/default.htm
% http://lwww.everglades.nationglrk.com/info.htm



low, green landscap@&vhere mere inches of elevation produce distinct changes in
vegetation; and where a great wealth of birds and other wildlife find refuge. For
this is almost exclusively a biological park dedicated to the preservation of a
complex and precisely ordereditig mechanism. It lies at the interface between
temperate and stiibopical America, giving a rich diversity of species, many at
the limit of their ranges.

The topography is so subdued that a broad sheet of water slowly flows over and
through the porousrhestone bedrock on its way to the sea, rather than following
well-defined valleys. Most of the park is actually covered with water during

normal wet seasons, while dry winters cause fresh water to dwindle to a few open
areas crowded with wildlife.

The gret floral variety of the Everglades is one of the key resources of the park.
Among its more prominent and colorful plants are Bromeliads and epiphytic
orchids. As many as 25 varieties of orchids are known to occur in the park, in
addition to over 1000 oth&inds of seebearing plants and 120 species of trees.
Over 36 threatened or endangered animal species reside in Everglades National
Park, such as the American alligatailigator mississippiensjsand crocodile
(Crocodylus acutys the Florida panthdiFelis concolor cory), the West Indian
manateeTrichechus manat)sand the Cape Sable seaside sparrow
(Ammodramus maritima mirabilsMore than300 species of birds have been
recorded, seven of which are rare or endang&red.

This is a populated wetlandreating a trove of troubles with many actors occupwihgt is now
little space. Resource conflicts are common in many places on the planet, but this area seems to
have more than its fair share.

37 hitp://lwww.everglades.nationglrk.com/info.htm
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The sixteen county region of Florida that covers the area of the Everglades is economically and
demographically diverse. Table 1 reports summary statistics on these counties, and it is
noteworthy thatlike the biodiversity inthesurrounding natal environment, there iéch
demographic diversitgmongsthe people in this portion of Florida.



Table 1
Demographic and Economic Facts, 16 county South Florida Region

Percentage

Population Change in

Median Value
of Owner Total Retail

Land areain Populationin Density, Population Since Housing Occupied Sales in 2002 (ir

County acres 2009 persons/sq mi. 2000 Units, 2008 Housing, 2000 1000s)
Broward 1,205.4 1,766,476 1,465 8.8% 805,772 $128,600 $ 22,012,210
Charlotte 693.6 156,952 226 10.8% 101,223 $ 97,000 $ 1,434,629
Collier 2,025.3 318,537 157 26.7% 193,808 $ 168,000 $ 4,196,902
Miami-Dade 1,946.1 2,500,625 1,285 11.0% 979,082 $ 124,000 $ 24,568,286
Glades 773.6 10,950 14 3.5% 6,079 $ 72,400 $ 7,812
Hendry 1,152.5 39,594 34 9.3% 13,359 $ 71,500 $ 297,216
Highlands 1,028.3 98704 96 13.0% 55,377 $ 72,800 $ 737,104
Lee 803.6 586,908 730 33.1% 364,932 $ 112,900 $ 6,365,752
Martin 555.6 139,794 252 10.3% 75,920 $ 152,400 $ 1,921,445
Monroe 996.9 73,165 73 -8.1% 53,813 $ 241,200 $ 1,183,949
Okeechobee 773.9 40,241 52 12.1% 16,731 $ 77,600 $ 335,976
Orange 907.5 1,086,480 1,197 21.2% 460,600 $ 107,500 $ 12,403,154
Osceola 1,321.9 270,618 205 56.9% 120,997 $ 99,300 $ 1,751,198
Palm Beach 1,974.1 1,279,950 648 13.2% 640,851 $ 135,200 $ 16,480,821
Polk 1,874.4 583,403 311 20.6% 280,609 $ 83,300 $ 4,522,310
Saint Lucie 572.5 266,502 466 38.3% 132,341 $ 86,100 $ 1,886,487
TOTAL 18,605.23 9,218,899.00 7,212.98 4,301,494$ 1,829,800 $ 98,218,764

AVERAGE  1,162.83 576,181.19 495.50

17.5%

268,843.38 $ 114,363 $ 6,256,578

Source: US Department of Census at http://quickfacts.census.gov/qfd/states/12000.htrl



For example, Glades County is ruratidrasically unpopulated, 14 people per square mile, as
compared with Broward Countwhich has over 1,400 people per square mile. The ewner
occupied housing in Monroe County is worth more than $241,000 per home (year 2000)
compared with Hendry County wheteetmedian owneoccupied home was worth $71,500 in
2000. Some of the counties arestiing metropolises, Miarridade, Broward, Palm Beach, and
Orangecounties as examples with billions of dollars of retail sales per year (2002), while others
are small, remote, and rural with miniscule total retail sales of less than $10 million forrthe yea
2002.Against this backdrop and landscape we have been commissioned to estimate the
economic impacts of the proposed Everglades restoratiorilan.

There is a wellvetted plan to restore the Everglades to which we reference all our work. This is
the Compehensve Everglades Restoration PI&BERP.> There are many folk who have
proposed alternatives and additions to this plake have not, at this point, evaluated any of
these alternatives, save ofi#Vith that said, the proposed rewards of this investpsmewhat
surprisingly,have notuntil now, been measured with any degree of scientific or economic rigor.
The benefits of Everglades restoratian¢ording to CERRyhile arguably noble and substantial,
are not precise

The Plan's focus has been exavering critical ecological features of the original
Everglades and other parts of the ecosystem. The Plan will restore natural flows of
water, water quality and hydroperiods. The removal of more than 240 miles of internal
levees and canals will improviee health of more than 2.4 million acres of Swaith
Floridaecosystem, including Everglades and Biscayne National Park. The restoration of
hydrologic conditions of the original natural areas of$beth Florideecosystem will

result in Lake Okeechobemce again becoming a healthy lake. Major benefits will be
provided to the Caloosahatchee and St. Lucie estuaries and Lake Worth Lagoon. The
Plan will also improve fresh water deliveries to Florida and Biscayne bays. The greater

BRI n 2000, Congress passed the Water Resources Deve

Everglades Restoration Plan. The State of Florida and federal parthert).S. Environmental Protection Agency,
Army Corps of Engineers and Department of Intériare deeply committed to Everglades restoration. The primary
state agencies charged with carrying out the restoration are the Department of Environmental Protection and the
South Florida Water Management District. Since 2000, Florida has invested mo#2 thidiion to restore water
guality and flow in Americabs Everglades.. o (http:// www,
% http://www.evergladesplan.org/index.aspx.
“9The many details of CERP are outlined in a number of fact sheets which arbleientne at
http://www.evergladesplan.org/facts_info/fact_sheets.aspx
1 Our project is based on an adjustment to the original CERP which replaces artificial injection of water
into underground aquifers with tiver of Grass concept. We offer details this adjustment in more detail below.

Copyright 2010 Everglades Foundation and Mather Economics 6



Everglades ecosystem wilebnuch healthier than it is today. Improvements to native
flora and fauna, including threatened and endangered species, will occur as a result of
the restoration of the hydrologic conditiofs.

Essentially, we do not argue or take any position on any agpe proposed restoration.

We view ourselves as appraisers or estimators, not engineers or policy makers. We do not
engage the job of deciding how the Everglades should be restored, whether ibghould
restoredwho should pay for it if it is, when should be doneor on what schedule. Instead,

we approach our assignment from the perspectivieeobenign economic scientisisledto
render a fair, but conservative, estimate of the overall impact of the proposed restoration
Nothing more nothingless.

Our Assignment

In February of 2010ve were asked by the Everglades Foundation if we could provide an
economic analysis of the ecosystem service changes that would be associated with the

Comprehensive Everglades Restoration Piale took this task ferally. This means that wao
notdo any of the following:

1. We do not galuate or estimate the costs of restoration. We take these as a given, per se.
Some have suggested that the estimate of costs is not accurate or appropriate. Be that as it
may, we wee not assigned that tagkd have not engaged it in any important way
Rather, we have relied upon cost estimates provided by the Corps of Engineers to the
Congress and to the public.

2. We do not stimate the marginal or stepise benefits of any particulgortion of the
CERP plan. Our approach is total. We look at the entire project as a whole.

3. We do not galuate the scientific certainty or appropriateness of any of the CERP plan.
Again, we take the plan as others have preparetlieatimate the benefitd it with the
plan as a given.

4. We do not stimate any probabilities ¢ifie plan actually going into effect. We assumed
that CERP wl be implemented as described and planned.

“2 hitp://lwww.evergladesplan.org/about/rest_plan_pt_08.aspx.
“3 hitp://www.evergladesplan.org/index.agmovides information on this project. The information that
follows in our discussion here was taken primarily from this source.

Copyright 2010 Everglades Foundation and Mather Economics 7
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Our Methods, Approach and Assumptions

There are many ways to estimate thaigadf an asset. We take the revealed preference

approachwhich means we only use data from actual transactions of people buying things. Other
methods include contingent valuation and survey techniques. These methods have their place,

but not in our workWe approach the problem of valuation using market aladiaeal

transactions and we do not use survey data or other methods to approximate what people might

pay for a good or service. There is significant literature on these methods, but we are dedicated

to avoiding speculation as much as possible, and hence we only use actual market transactions as
metrics of peoplebs willingness to pay. For a
(1971)*

For instance, when it comes to valuing cleaner wate estimated the increase in value of real

estate associated wittater quality improvements causedByerglades restoration. While we

or others could ask people how much they might pay for an increase in water quality in their
neighboring streams, weelieve that method is fraught with issues that we seek to avoid. For
instance, it is very hard for people to estimate how much they might pagy &rvironmental

service particularly when they cannot perfectly visualize what it is they are being @skedd
hypotheticallyOn a r el ated not e, acthallybavertorpayfortheespondent
environmental service, they might artificially inflate their response so that they appear and feel
more environmentally conscioudur technique avoids thesssues by only using prices actually

paid by real people for real goods and servicese benefitsthat will flow from a restored

Everglades are a capital asset in that the services will accrue over time. In order to compute a net
present value of theslews of services, it is necessary to discount the future returns or services

to the present. We made no adjustment for inflation; all our calculations are hi@QHterms,
discounted to the preserts such, we make no assumption about the adjustofieeakative

prices over time. In effect, we assume that relative prices remain constant-akof@f (evels.

We used the current municipal bond rate in South Florida, minus the current inflation rate to
discount the future expected flows of servicessTate as of spring 2010 was 2.1 percent. We

“Harberger, Arnold C. "Three Basic Postulates for Applied Welfare Economics: An Interpretive Essay."
Journal of Economic Literaturé®(3), (1971):785-97.

“> For additional informationm contingent valuation and criticism thfat method, see Glenn Harrison.
AVal uing public goods wi t h ritigheeof kehoemaniandkreetsalousnal 6fu at i on me
Environmental Economics and ManageméNbvember 1992248257 among a tgi of others. See al$teter
Diamond and John HausmanCont i ngent Val uati on: | s Sdomealdlumber Bet't
Economic Perspective8(4), (Autumn 1994): 8-64.
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note that the current U.S. Treasury inflation adjusted bond rates, depending upon maturity date
span our choice of discount rate. They&ar TIPS bonds issued on July 15, 2010 have a yield of
1.295 percent. fie 30year TIPS bonds issued on February 26, 2010 are currently carrying a
yield of 2.229 percent. Accordingly, we suggest that our discount rate of 2.1 percent is
appropriate and conservatiffe.

As economists, in any attempt to measure value there igyaRvension which arises from
something we call the diamoidater paradog’ Essentially, there are two ways to meashee

value of a product. One is the expenditures paid by consumers and received by sellerth@his is
price oftheproduct or servicames the quantity purchasdd.economic jargon, this is called the
rectangle of expenditure or simply the rectangl@s metric is simple, straightforward and easy

to calculate under most circumstanddere meaningful in many situatiofspwever, is the

concept called consumer surpludich measures the additional or unrequited joy that a buyer
gets,above and beyond the price parhich is also a measure of economic welfditds

additional value that consumers place on their purchases is sometile@sheatriangle of
consumer surplus (as opposed to the rectangle of expendiui@)t, most economists take the
position that the total value of an asset is not just what the buyer might have paid for it, but the
price paid plus the additionamouns that buyersvould be willing to payNote carefully that

this is not the same as contingent valuation.

Contingent valuation is ascertaining or estimating what something might be worth in the absence
of a market or transaction or budget constraint. Cmeswsurplus is the value that a buyer

receives above and beyond the purchase price of a good or service that is transacted in the
marketplacé®

Why is this important? We discuss consumer surplus in more detail below, but for now suffice to
say that the d@aal benefits from Everglades restoration, according to standard economic theory,
include not only the direct expenditures, which we measure, but also the consumer surplus which
we do not measure. We choose not to measure the consumer surplus in floisteasseeasons:

6 These data were tafiérom http://www.treasurydirect.gov/RI/OFNtebnd.
"It is not exactly clear who first coined this phrase, but the concept and its importance are discussed in
virtually every principles of economics textbook published in the last century. We discuss this topic in more detail
below.
“8 Estimating consumer surpluse qui res knowl edge or estimation of th
not just the point of purchase. In that sense, it is somewhat like contirjaation, but yet very different as there
areempirical methods for estimating the actual demand cinateviary considerably from the techniques of
contingent valuation.
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first, measuring consumer surplus is a difficult, expensive anddonsuming chore; and

second, our approach is conservative and avoids controversy. This means that our estimates of
benefits associated with restoration are very congeeyaterhaps by a factor of two or three

times.

One of the ways we have chosen to be transparent and conservative is to offer sensitivity
analysis. For instance, we project that most benefits will persist for 50 years, and therefore, we
compute the presediscounted value of restoration gains out to the year 2060. However, we also
present estimates over just 30 and 40 years as well. As another example, in the case of fisheries
restoration, the science, as we have come to understand it, does not offezaiseaestimate as

to when fish populations will return to their natural levels. To cope with this uncertainty, we
computed gains in fishing from restoration under different scenarios, immediate restoration, 20
year lagged restoration, and 30 years lierfisheries to fully restore. Details of this method are
discussed below.

Our approach is designed to let readers and critics see our methods and assumptions. This allows
readers to make alternative assumptions about facts yet revealed in order tbamatkert

conclusions. We chose this conservative approach because the future is uncertain, and a
modicum of restraint seems appropriate given the risk and uncertainty about such a large project
as CERP. Furthermore, we are striving to be reasonablgarroversial. In the end,we believe

that our methods are based on the best, sound science. If anything, we expect that our critics
might assert that our estimates of benefits of Everglades restoration are too small and not
reflective of the actual gains thaight accrue. We are comfortable with this position.

What Others Have to Say About Everglades and Everglades Restoration

There are more than a few commenters on the current state of the Everglades and the proposed
restoration of this giant environmengaset. Our task iotto assess the value of the Everglades
and its ecosystem, nor to comment on the advisability or scientific wisdom of undertaking
restoration or its many parts. Instead we have the tasgtioiating conservativelythe

economic chage that would take place if the proposed CERP is actually implemiertietal

Our work should not be interpreted as an assessment of any particular part of CERP restoration
or the advisability or economic consequences of any part. Wenlbauadertakerthis marginal
approach. Instead, owing to time constraints and our directed assignment, we have attempted to
estimate the impact of undertaking the entire complement of CERP projects taken as a whole.
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Caveat emptor, and readarreill -advised to take owork as speaking on the value or
subjectivity of any particular aspect of CERP.

The National Park Service has this to say about the current state of the Everglades ecosystem:

The same rains that fall @outh Floridaoday once ran off the backs of our
wood stork's forebears, but the similarity ends there. Now, extensive canal and
levee systems shut off the hfgving bounty of the rain before it can reach the
national park, which makes up only efiféh of the historic Everglades. At times
the water cotmol structures at the park boundary are closed, and no water
nourishes the wood stork's habitat. Or, alternately, water control structures are
openedand unnaturally peatp, humarmanaged flood waters inundate
Everglades creatures' nests or eggs anedisgeasonal concentrations of the
wading birds' prey. Added to these problems is the presence of pollutants from
agricultural ruroff. High levels of mercury are identified in all levels of the food
chain.

Many animals are specifically adapted to theralating wet and dry seasons.

When human manipulation of the water supplies attankd with natural

patterns, disasters can results. Alligators build their nests at thevhtgh level.

If more water is released into the park, their nests are flomalgdestroyed.
Endangered snail kite birds feed on the aquatic apple snaitwater conditions,
human caused or natural, reduce snail and snailkite populations. In the early
1960s only 20 to 25 snalil kites remained in North America because of pedlong
drought. Snails lay eggs above the water in the wet season. If managers release
more water, snails fail to reproduce.

Given present trends, the endangered wood storks may no longer nest in South
Florida by the year 2000. The wood stork has declined frO806jesting birds to

just 500 since the 1960s. Their feeding behavior explains their predicament.
Wood storks feed not by sight, but by toutfacto-location™ in shallow and

often muddy water full of plants. Fish can't be seen in those conditions. @/alkin
slowly forward the stork sweeps its submerged bill from side to side. Touching
prey, mostly small fish, the bill snaps shut with ase6ond millisecond reflex

action, the fastest knawfor vertebrates. Only seasonally drying wetlands (mostly
in drying ponds)concentrate enough fish to provide the 440 pounds a pair of these

Copyright 2010 Everglades Foundation and Mather Economics 11



big birds requires in a breeding season. When natural wetlands cycles are upset by
human water management, wood storks fail to nest successfully. The wood stork
which standsnore tha threefeet tall, and has af®ot wing s@n, and weighs 4

to 7 pounds was placed on the endangered species list in 1984.

Native trees, such as mangroves and cypress, are being replaced by exotic
(introduced) species from other countries. Florida lamegmbass share their
nesting beds with tilapia and oscars, fish imported from Africa and South
America. As the Everglades yield to human introduced plantfisinchative
species diminisA®

The Comprehensive Everglades Restoration Plan lists lofty gedlenefitswith the
implementation of the plan, improvements will be made by:
* Restoring natural flows of water, water quality and hydroperiods
* Improving the health of more than 2.4 million acres of$loeith Floridaecosystem,
including theEverglades and Biscayne National Park
* Improving hydrologic conditions will result in Lake Okeechobee once again,
becoming a healthy lake
* Improving native flora and fauna, including threatened and endangered species
* Ensuring a reliableadequate supply of fresh water for use by alle environment,
urban and agriculture
* Maintaining flood protection set in place by the C&SF prgjacd
* Creating wideranging economic benefits, not only for Florida, but the entire
nation®°

Richard Weisskoff has written extensively about Everglades restoration. i T h e csBfc o n 0 mi
Ever gl ades Wisskoff arguestthat tha ecanomy of Florida and the Everglades
ecosystem are inseparable and that efforts to plan and implement aiestifrthe Everglades
ecosystem without incorporating likely econoraftects are profoundly flawedhis premise is

a response to the Everglades restoration planning Weisskoff observed in the late 1990s, which
failed to consider the economic activity acgng withinthe regionTo support the argument in

favor of including economic factors in the restoration planning process, Weisskoff provides
forecasts of the Florida economy with and without Everglades restoration using a Regional
Economic Model (REMI}hat he has adjusted to incorporate environmental factecsfispto

“9 http://www.everglades.nationglrk.com/info.htm
*0 hitp://www.evergladesplan.org/about/rest_plan_pt_08.aspx
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the Florida economylhese economic forecasts provide evidence of 1) the demands placed on
the Everglades ecosystem in the areas of fresh water supply, urban land and agriculture and 2)
the interdependence betwe®outh Florida s e dac aativitynand the health of the Everglades
ecosystem.

The forecasts prhoakare prakcession, akd, althaidgh the duthe provides
a range of economic growth scenarios, they areyli@eerestimates of actual@womic activity

in the region. Despite what might beors in theeforecasts, the scale of growth that will occur
in the vicinity of the Everglades over thexh80 years is undeniablé/eisskoff argues that
economic growth Wi be spurred by any restoration efforts and that the enhanced growth will
lead to further degradatiocof the Everglades ecosystehtis assumed tradeoff between
economic growth and environmental restoration is implicit in his work, and little attenpaurdis
to the possibility both could occur in tandem.

Wei sskoffbés anal ysis does provide some esti ma
using a variation of the approadbscribed byCostanzgNature 1997). This approach is distinct

from the nmacroeconomic forecasting methods used throughout the boastimate the

ecosystem values for the Everglades, Weisskoff applies average ecosystem service values per

land and sea acre for the areas included within the Everglades ecosysteses two Gl&nd

surveys of the Everglades to arrive at the land areas that apedi@peach ecosystem service.

He finds that the economic contribution of ecosystem services provided by the land acres within

the Everglades wak31.66 billion in 1995Thisreductionof $2.42 billion from the 1988 value

due to changes in land usage. Both values are given in 1994 dbilargalue of ecosystem

services provided by the water within the Everglades is added to the land totalsetat$58.7

billionin 1995.Henoes t hat this esti mate of the Evergl a
equal to onghird of theSouth Florideeconomy. The Costanza methodology is described

elsewhere in this literature review, but it is worth noting that it includeswerketed economic

values in the peacre estimates, which is a substantial departure frompjpeach used in our
analysisAlso, the Costanza estimates of-aere ecosystem values are developed using global
estimaes of economic service valuégplying these global peacre ecosystem values to a

single ecogstem such as the Everglades is fraught with issues of interpretation.

On Costs

As we mentioned earlier, we were not asked to estimate the costs of Everglades restoration or to
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analyze the estimates that others hdaeved. Our analysis is only about the benefits. However,
for purposes of comparison, we use the cost estimates that others have derived, but with some
adjustments. The details of that adjustment are reported in the appendix to this chapter. For our
purposes, we take the cost of restoration as $11.5 billion in 2010 terms and use it only for
comparison to the benefits we estimate (also in 2010 dollar terms).
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Appendix to Introduction

The following appendix describes our method of converting the original 1999 cost of Everglades
restoration to 2010 terms, allowing five secalled River of Grass option as opposed to the
artificial pumping approach.

Since CERP was ratified 10 years ago, it has become obvious that certain aspects of it were
either unreasonable or inappropriate. Accordingly, for this analysis the oGP storage

projects have been replaced with an alternative storage approach. This adjustment was made due
to reasonable doubts that have been raised regarding the feasibility of the original storage options
and their estimated costs. In addition, thexists a viable alternative storage method with sound
cost estimates. CERPOs original cost esti mate
ground reservoirs, and the EAA reservoir. In 1999 dollars, these three projects cost $2.6 billion,
which repesented 33.2 percent of the total $7.8 billion CERP cost. Since the original plan was
completed, the feasibility and costs of these storage options have been reconsidered, and it is
likely these costs were underestimated by a considerable amount. Eosbestimate, we have
removed these costs from the CERP estimate and replaced the three storage projects with the
River of Grass Reservoir storage option that has an estimated cost of $3.2 billion in 2010 dollars.
The net effect of these changes is taiatfhe total Everglades restoration costs to $11.5 billion

in 2010 dollars.
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Cost Estimates of Everglades Restoration

Construction Land Total Initial Annual O&M

3 projects that Bill pointed out within current CERP:

Lake Okeechobee ASR $1,108,797,000 $7,515,000 h $1,116,312,000 $25,000,000
In-Ground Reservoirs $783,695,000 $255,277,000 $1,038,972,000 $3,205,753
EAA Reservoir $350,112,000 $86,536,000 $436,648,000 $14,458,409
Total of these projects $2,242,604,000 $349,328,000 $2,591,932,000 $42,664,162
Total CERP $5,598,113,000 $2,221,435,000 $7,819,548,000 h $172,000,000

33.15%

EF best guesses of true costs for these three projects; based upon realistic costs from ongoing projects

and comparables; remove these from the original estimate
b | b |

Revised LO ASR $1,800,000,000 $19,500,000 = $1,819,500,000 $150,000,000
Revised In-Ground $1,680,000,000 $1,744,650,000  $3,424,650,000 $2,000,000
Revised EAA Reservoir $1,152,000,000 $224,000,000  $1,376,000,000 $2,066,667

$4,632,000,000 $1,988,150,000 $6,620,150,000 $154,066,667

Add this back in:
River of Grass Reservoir $2,880,000,000 $350,000,000 $3,230,000,000 $6,400,000

Fed - Corps gets money fromtwo sources - land vs. operations

Year of $

State does not do it that way; they include operations costs to calculate rate of return & interest rates on bonds
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1999
1999
1999
1999

1999

2010
2010
2010
2010

2010



2005-07-01 124.678 71.12359976 " 8,786,042,244
2005-10-01 125.751 "1.13326965" 8,861,656,413
2006-01-01 126.382 "1.13895623" 8,906,122,900
2006-04-01 127.388 "1.14802231" 8,977,015,587
2006-07-01 128.312 71.15634941" 9,042,129,746
2006-10-01 128.722 71.16004434" 9,071,022,392
2007-01-01 129.994 "1.17150762" 9,160,660,064
2007-04-01 130.908 " 1.1797446" 9,225,069,524
2007-07-01 131.355" 1 "1.18377297" 9,256,569,555
2007-10-01 131.88471.00402725 "1.18854032" 9,293,848,115
2008-01-01 132.066"1.00541281 "1.19018051" 9,306,673,631
2008-04-01 132.540"1.00902135 " 1.1944522" 9,340,076,349
2008-07-01 133.954"1.01978608 "1.20719519" 9,439,720,743
2008-10-01 133.62771.01729664 71.20424826" 9,416,677,096
2009-01-01 134.31771.02254958 71.21046655" 9,465,301,305
2009-04-01 134.212"1.02175022 71.20952029" 9,457,901,969
2009-07-01 134.26071.02211564 71.20995287" 9,461,284,523
2009-10-01 134.3761.02299874 71.21009826 " 9,469,459,027
2010-01-01 134.58471.02458224 "1.21287276 " 9,484,116,760
12,100,000,000| 12,397,445,092
0.331468264
8,288,085,490
3,230,000,000
11,518,085,490|2010 dollars
Copyright 2010 Everglades Foundation and Mather Economics 18



Chapter 1: Ground Water Purification and Aquifer Recharge

One of the prime benefits of restoritige Everglades will be thétte ensuing increase in sheet
flow will cause thegroundwater extracted by communities, municipalities and individuals in the
regionto be lesdrackishthanit is nowor would be in the future absent restoratidga.more
waterflows out of Lake Okeechobee into ttestoredEverglades region, groundwater will be
recharged at higher rates with clean water mostly free of salt compounds. This higher grade
water and increased flow will recharge the aquifers underneath South Ridrida will in turn
reduce the amount glrificationrequired for the current population and in the fuase

population and incomes grow.

Groundwater in the coastal counties of the South Florida Water Management District (SFWMD)
is brackish, so it mustebdesalinated beforaostuses. The capital cost of desalination, given the
state of the art of the reverse osmosis (RO) technology, is driven by the volume of fresh water
that must be produced, which in turn is driven by population growth. The operasingf c
desalination, on the other hand, is a direct function of the salinity of the water input. Saltier water
must go through the RO membranes at a higher pressure, which requires more energy. Restoring
sheet flow according to the Comprehensive Evergl&#ssoration Plan (CERP) can be expected

to decrease groundwater salinity, because more fresh water allowed into the aquifer from above
will displace seawater seeping into it from below. So, conservatiwelgxpect the restoration

of the Everglades to selt in at least the energy cost savings from having to desalinate less saline
water. We ignore angotentialcapital cost savings fro) the likely prospect thdewer

desalination plantill be built in the first place, an#él) reducedabor and mainteance cost

from using less saline input (assuming, that is, that RO membranes fail at higher rates when
higherpressure, more saline water is pushed through).

Using theassumptions detailed below, we estimate téstioration of the Everglades will result
in energy cost savingemouning to betweer$13.5 andb29.6 billion over the next 50 years,
combined across all parties, public and private, who are expected to desalinate water in the
SFWMD.

We assume no changergverse osmosigchnology oin the cos of electricity, anl we use a
discount rate of 2.1 percer@rowing energy costs would increase these estimates.
Improvements in desalination tediogy would decrease them. Thigiher figure assumes that
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all the water withdrawn must be desalinated. Tveer figure assumes that only the water
currently classified as saline must be desalinaedent salinity readings indicate that all
groundwater is brackish, not justat whichis currently classified as saline. This makes the
higher figure above plaide.

Finally, the energy costs are computed based on daBalj a combination of surfaeeater and
groundwater in proportions projected basedhistoric observations. Surfaeater salinity is
much lower and growing more slowly. We treat it the samgagagroundwater for simplicityf
it is saline, it will have to be desalinatdis effect howeverpn energy coss far smaller than
that ofdesalinatinggroundwater*

Avoided Desalination Costs

General approach and data sources
Our model has four gps. First, we project population and income growth in the area of interest

over the next 50 years, and use the projected values to model water withdrawals over the same
period. Next, we use historical salinity readings to infer the change in salinittheveext 50

years without the Evergladesingrestored. Then, we infer the yearly desalination cost over the
same period using regression analysis and engineering data published by the Texas Water
Development Board (TWDB). Finally, we repeat the costudations assuming that if the
Everglades were restoreaater salinity would drop to its 1970 level and stay there even as the
volume of water withdrawn grew as driven by populagod incomegrowth.

In other words, we assume that implementing CERP wagldlt in a new steady state where the
aquifer would be replenished with freshwater to a sufficient extent that it could sustain increased
withdrawals with no increase in its salinity. The difference between the discounted streams of
yearly desalinationast with and without Everglades resttionis our estimated economic

benefit in the form of avoided desalination costs that can be credited to CERP.

*LIn our forecasting model, predicted groundwater salinity falls over tirerite counties before it rises,
and is predicted to dip below its 1970 baseline for the first few years after 2010. This can result in negative savings
in the leastiscounted years, with a disproportionate effect on the net present value of the savibigedwver
the next 50 years. This is the case of Midade County, where savings are negative and falling toward zero for
the next 12 years before they move into positive territory. We could have zeroed out such negative savings under the
theory that, waile CERP might not make things better, it will not make them worse. We decided against it. This
means that our benefits estimate, on this count, is probably biased downward too low.
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We collected data on water use in SFWMD, by county and by year, from$h&éblogical
Survey (USGS). W collected salinity data from DBHYDRO, the official SFWMD data
repository of water research results, and from the National Water Information System (NWIS)
maintained by the USGS.

Technical details
Water use

The USGS collects countgvel data on water widrawals every five years. We are interested in
data for the 16 counties in the SFWMD. The earliest available records are from the 1985 data set.
The latestfrom 2005.Table 1.1 reports the information over time.

Table 1.1: Total Water Withdrawals in the 16 SFWMD counties, Mgal/d

1985 1990 1995 2000 2005

Groundwater, frestf 1,961.12| 2,475.38| 2,371.54| 2,705.35| 2,386.13
Groundwater, 0.00 0.00 4.63 0.00 3.26
saline

Surface water, 1,284.40| 1,777.18| 1,868.83| 1,987.03| 1,560.78
fresh

Surface water, 2,523.58| 3,195.40| 3,319.94| 3,948.82| 3,754.76
saline

Total, fresh 3,245.52| 4,252.56| 4,240.37| 4,692.38| 3,946.91
Total, saline 2,523.58| 3,195.40| 3,324.57| 3,948.82| 3,758.02

Source: USGS Water use survéitg://water.usgs.gov/watuge/

Using these data and yearly population and income figures by county over the same time span,
we extrapolated water use into the future 50 years using aditects panel regression model
where water withdrawals we modeled as a function of population andqagsita income. This
model assumes that the effect of population or income on water use is the same across all
counties of interest, and the differences come from their relativeisimese populous counties

draw more water, but at the same-person rate as less populous ones. This may sound
simplistic, but absent controls for other reasons why different counties might have different
water needs (lawns in Palm Beach, industry in Miami) the model givesrage#sentation of

the average water needs. We used this specification for modeling separately fimtalsudf
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water withdrawals: saline and fresh groundwaded saline and fresh surfasater. Parameter
estimates are ithe gpendixto this chapter

Salinity

The SFWMD maintains DBHYDRO, an online database of water quality measurements taken
over time by various parties. One of these measurements is salinity, defined as Chloride in
milligrams per liter (same as parts per million). Each measurementsaaitiethe location of

the station and the date it was taken, so it is straightforward to combine them into yearly
averages per county.

The USGS maintains the National Water Information System (NWIS), a similar online database
with its own Chloride reco] with the same unit of measurement, also with locations and time
stamps.

Both DBHYDRO and NWIS record salinity separately by ground and surface water. In the case
of groundwater, we are interested in measurements takeells no deeper than 500 feBelow

this depth, the water is saline. Southern Florida's fresh groundwater comes from surficial
aquifers, with water withdrawn from depths well above @0 f

Table 11 shows that most groundwater withdrawn inglteSFWMD is classified as fresh. The

two non-zero measurements for saline groundwater come almost entirely from oneicounty
Miami-Dade. However, salinity measurements tell a different story: groundwater in the 16
counties has been growing increasingly brackish over time, even after discarglsangples

taken from depths either unknown or greater than 500 feet (Figyrdt is reasonable, then, to
assume that desalination will be needed for all groundwater withdratva $FWMD in the

future, whether by private or public water supply systeRestoring the Everglades will help
decrease the expected cost of desalination to the extent that it will succeed in reversing the trend
of increasing groundwater salinity.
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Groundwater salinity in the 16 counties of SFWMD
Chloride mg/L at depths above 500 ft.

NWIS, Chloride, water, filtered (p00940), All GW Sites DBHYDRO, Test Name: Chloride (32), Matrix: GW, All Stations
44,735 samples 6,205 samples
2,500 A = [ 4,000
e
L]
2,000
® 3,000
.' & e = -
®
1,500 a
. ® v L]
. ® 2,000
& e s F ’ e
e . ')
1,000 . “‘A‘. - ®
PN
L]
- / “ 1,000
500 ' 4 )
T e A
_._-4—"""”‘ e ° [ ]
- oy % . J}z{?
O—'O"w o—d‘\:\“:‘."n
1900 1950 2000 1970 1980 1990 2000 2010
year year

Figurel.1l: Evidence of growing salinity in Southern Florida's groundwater

Even as the DBHYDRO and the NWIS data differ about the extent of the growth in salinity, they
agree that the trend is positive and accelerating. The estimated cost savings from avoided
desalination depend on which of the two sets of salinity data we eg&apolate salinity with

and without CERP into the future. Though the NWIS data record a far larger number of samples,
these cover only 7 of the 16 counties of interest as shown in Takdelow We had to choose
between using data from fewer samplegecmg all counties or from more samples covering

some of the counties. We chose DBHYDRO because we believe that complete coverage is more
valuable than highedensity sampling of only part of the area of interest. As Figureuggests,

had we chosen NV®l our costsaving estimates would have been lower, because projected

salinity would have been lowbased on the data summarizedhe graph on the left.
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Table 1.2: Coverage of Chloride samples

DBHYDRO NWIS

Broward 278 15,004
Charlotte 38

Collier 533 4,644
Glades 92

Hendry 193 639
Highlands 164

Lee 276 4,694
Martin 242

Miami- 1,007 15,525
Dade

Monroe 3 148
Okeechobee 931

Orange 33

Osceola 432

Palm Beach 1,264 4,081
Polk 263

St. Lucie 456

Total 6,205 44,735

The exercise assumtsat CERP would result in groundwater salinity falling back to its 1970
level. Without CERP, salinity would continue to grow along its current path as showrrighthe
half of Figure 1.1. Surfaceater would be minimally affected: for the sake of simpliove
treat it the same way as groundwater, but its salinity is low and growing very slowly.

The cost of desalination

Desalination requires a capital investmiiiilding the plant$ and an ongoing operating cost
in the form of energy used, maintenerend labor. Our understanding of ttesalination
problem comes from a study done for TWDB by LB&yton Associates, availabin PDF and
referenced in the Chapter 1 References befolrief summary follows:

The relatiorbetween the total cost of desaltion and the salinity of the water input is a matter
of very loose approximation because of technological progress, changes in the relative prices of
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the various inputébothin theproduction of fresh water arile disposabf concentrates and
brine),and local characteristics.

We do know that more saline input must be pushed through RO membranes at a higher pressure.
Though the baseline of this relationship is dropping as RO technology improves, it remains true
that the higher the pressure, the higherenergy expended, and there are no economies of scale

in this process. This is the cost of interest to us, because everything else is subject to either scale
effects or factors depending on local characteristics. For exalamgler plants, as well asgnts
designed to operate at a higher baseline predsave some efficiencies buih. The cost of

disposing of the brine via desyell injection dependsnthe local geographic options for doing

s0. The same goes for the cost of disposing of the ctratefsludge that's saturated with

impurities other than saltWe did not undertake to estimate any cost savings that might result

from having to dispose of less salt, a scenario that would be the result of restoration.

The TWDB study documents two vahkuef pressure required in pounds per square inch (psi) at
given levels of groundwater input salinity in milligrams per liter (mg/L): it takesp0@ treat
3,000mg/L water, and it takes about 1,006 to treat 30,000ng/L sea water. Absent better

data, we can only say thads salinity grows by a factor of 10, the pressure required grows by a
factor of 5. Filling in a few intermediate values, we estimated, via linear regression, the
following functional relatiometween pressure y and salinity x:

(1)  y(PSI) = 78.18 + .029*x(mg/L)

Next, weestimated a similar relatidmetween energy, in MWh/year, and pressure. The same
studydocuments that a 10MGD (milliagallons/day) plant takes 10,600 MWh/yr to operate at
300psi, 17,700 MWh/yr to operate at 500, psid 24,700 MWh/yr to operate at 700 psi. Our
estimated functional relatiobetween energy z and pressure y is:

(2) z(MWhlyr) = 41.67 + 35.25*y(PSlI)
Combining (1) and (2) yields ¢hfollowing relationbetween energy z and salinity Xx:
(3) z(MWh/yr) = 2797.5 + 1.014*x(mg/L).

We usecequation(3) as our model of the annual cost of energy as a function of water input
salinity assuming an energy price of $.08 per kW/h, based on the average electricity price in
Florida for industrial use ($.0767 in 2007

*2 http://www.ppinys.org/reports/jtf/electricprices.htm
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Next, we projected this annual desalination cost for each SFWMD county, given its projected
water withdrawals (ground and surface) and their respective salinity levels given their current
path (groundwater salinity expected to rise at a growing rate asishdwgure 11; surface

water salinity, not shown, expected to remain unchanged for the most part). Then we repeated
the calculations with salinity levels held at their 1970 level.

Results

Our avoided desalination cost estimate is the difference bepvegtted desalination costs

given the current path of rising salinity versus holding it constant at its 1970 level, which is our
expected environmental effect of CERP. Net present values of the yearly savings between 2010
and 2060 are shown in Talle below. We assume a 2pgkrcentdiscount rate, quadratic growth
patterns in population and income, as well as in salinity (without CERP). We use DBHYDRO
salinity readings. We perform this calculation under two assumptions regarding water withdrawn
in the SFWMD over the next 50 years, by public and private parties; fistassuméhat all

water will have to be desalinated; secowed assuméhat only the water classified as saline will
have to be desalinated. Though the latter sounds obvious and resejseeted, in a lower

estimate, the former is not implausib@irrent readings show that all groundwater in SFWMD
tested at depths above 5(@@ is saline to some extent, aids growing more satie on average.

If not all of it istreated now, itikely will need tobe in the future.
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Table 1.3 Projected avoided desalination costs*
under CERP, by county

(1) (2)
Broward 4,874,613,98¢ 3,336,185,306¢
Charlotte 1,845,151,81( 110,230,864
Collier 3,199,893,20¢ 1,264,661,598
Glades 1,219,888,89¢ 0
Hendry 737,265,172 0
Highlands 451,662,287 0
Lee 2,028,597,261 1,125,228,393
Martin 1,058,726,53¢ 0
Miami-Dade 2,076,442,17¢ 1,469,949,796
Monroe 889,385,452 0
Okeechobee 473,328,531 0
Orange 2,065,805,877 1,358,980,032
Osceola 1,028,574,15( 403,534,040
Palm Beach 5,279,093,53¢ 3,440,020,28¢
Polk 1,192,452,967 625,697,184
St. Lucie 1,194,564,60¢ 395,420,582
Total 29,615,446,46¢ 13,529,908,083

(1) Assuming that all groundwater withdrawn must be desalinated
(2) Assuming that only saline groundwater rins desalinated
* Energy costs only

These avoided desalination costs arergycost savinggslone. Water desalination using reverse
0smosis requires pretreatment to prevent membrane fouling, disposal of the byproduct brine and
concentrates and ndrivial capital investments. We ignored maintenance and disposal costs
because they are too dependent on local conditions to be believably projected from the TWDB
study. And we assumed that capital costs would be unchanged with or without CERP, as new
desaliration capacity would be built according to freshwater needs, not to the salinity of the

input. This makes our estimates above conservative.
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Chapter 1 References

Cost Analysis of Groundwater Desalination:
http://www.twdb.state.tx.us/publications/reports/GroundWaterReports/GWReports/Brackish%20
GW%20Manual/358Ch04.pdf

DBHYDRO data:
http://www.sfwmd.qgov/portal/page/portal/xweb%20environmental%20monitoring/dbhydro%20a

pplication

NWIS data:http://waterdata.usgs.gov/nwis

Appendix to Chapter 1

Part 1: Total w ater withdrawals model

Withdrawals, Million gallons/day

Groundwater Surface-Water

Saline Fresh Saline Fresh
Population, April 1, thousands 0.001* 0.081 0.556***  0.086

(2.02) (1.87) (4.76) (1.21)
Per-capita income ($1,000) -0.010 0.306 -1.951 0.431

(-0.90) (0.46) (-1.09) (0.40)
Constant -0.329 105.201*** 6.809  57.524*

(-1.33) (7.24) (0.17) (2.43)
R-squared 0.07 0.13 0.34 0.07
N 80 80 80 80

t-values in parentheses (* p<0.05, ** p<0.01, *** p<0.001)
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Part 2: Details on U.S.G.S. data collection

We used the Google Chrome Sessions Manamebtain water quality data from the U.S.G.S.

1. http://waterdata.usgs.gov/fl/nwis/nwismain portal to Florida data

2. http://nwis.waterdata.usgs.gov/tutorial/finding_qwdata.ktrtiitorial on how to access histoal data for any
given watershed

3. http://nwis.waterdata.usgs.gov/fl/nwis/qwdata?search_criteria=county cd&submitted formzitiobnet GUI
for downloading Florida data by county. This is whereselecteaut the 16 SFWMD counties.

4.

http://nwis.waterdata.usgs.gov/nwis/pmcodes/pmcodes?pm_search=salinity&casrn_search=&radio _pm_search=srsn
ame_search&srsname_searcbtggsium&format=html|_table&show=parameter cd&show=parameter _group nmé&
show=parameter_nmé&show=casrn&show=srsnameater quality parameter code definitions

5. http://nwis.waterdata.usgs.gov/nwis/help/?read_file=site tp&format=tabl8GS site type codes.
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Part 3: Locations of and other information on existing SFWMD desalination plants

Desalination can be a confusing concept. The following informatiorobtasned from the

SFWMD and is reproduced hewithout alternationn its original form and formatfor

information about current and future desalination in the region. (It is interesting to note that the

|l ast figure in this akechabhofNametdhé&aGsEbBWMDO o0&
reveals a forecast of desalination which maps closely to our forecast of ground water salinity in
Figure 1.1 which is some independent confirmation of our approach to groundwater.)

Desalination in South Florida 1 Frequently Asked Questions

What is desalination?

Desalination removes dissolved substances in groundwater, seawater and municipal wastewaters
making water fit for human consumption, irrigation, industrial use and other purpodes. In t

past, distillation was the most widely used desalination process, but use of electrodialysis and
particularly reverse osmosis, is increasing. Electrodialysis retains clean water and allows salts to
pass. Reverse Osmosis (RO) purifies saltwater by fpitihrough sempermeable membranes,
allowing water to pass, but retaining the impurities of heavy metals and compounds such as lead
and nitrates called concentrate or reject that must be safely disposed. The filtered water is so pure
that it must be padreated and blended with other sources for potable supply.

What is the difference between brackish water and seawater?

The primary difference between these two sources of water is in the amount of dissolved salts.
Seawater contains higher amounts s&dived salts (from 15,000 milligrams per liter (mg/l) to
over 35,000 mg/l of total dissolved solids). Brackish water has 15)000 mg/l. The greater the
salt content of the water, the higher the pressure or electric power needed to treat water using
membranes, resulting in higher energy costs.

Why is desalination an important issue in Florida?

With more than 120 desalination plants in Florida, our state leads the nation in desalination.

Texas has 38, California, 33. Florida leads because the wagnneath, east and west of the
peninsular is salty. The increasing demand fo
drought events, compel water planners to consider all alternatives. The 2001 and 2007 droughts
stressed surface water systems,degiwater sources are not affected by drought.

How does everyone benefit from seawater desalination?

Desalination benefits everyone in Florida through diversification of our choices. Treating
seawater to serve coastal Florida reduces competition wittvérglades initiatives and relieves
dependence on existing conventional surface water and groundwater supply sources. Using
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seawater by coastal residents could increase availability of surface water for water users located
away from the coast. Consequgntieawater desalination can indirectly benefit people who live
farther away from the coast.

How does desalination affect the environment or climate change?

Environmental Protection Agencies have specific guidelines that must be followed by builders of
desal facilities to avoid harmful effects to environments. Environmental impact studies are
conducted to identify, investigate and issue recommendation regarding possible impacts of
disposing waste on land, air and water. In the recently completed Tamgad&egter project,
monitoring has shown no significant impacts on fauna and flora. Highly concentrated salts, the
major byproducts of desalination, can be safely disposed using best management practices.
Desalination does not substantially affect climatange because its activities are insignificant
compared to others. Advances in energy recovery devices afarésasure RO systems are
substantially reducing power demand and the carbon footprint.

How much does desalination cost?

Advancements in revergsmosis technology have brought desalination costs closer to other
alternatives. Ten years ago, desalinated water cost more than $9 per 1,000 gallons, but today, the
range is $2 to $5 p edargdstdesalvateg eostd accralsipdrl sr ael 6s
1,000 gallons and the recently completed 25 MGD Tampa Bay plant produces water at about $3

per 1,000 gallons. The cost depends on whether the source water is brackish groundwater or
seawater. Brackish water desalination costs less than seawataradiesabecause it contains

less dissolved salts. The total costs also depend on the amountrefpmeent and post

treatment needed. Because of available grants, subsidies and innovative financing, the costs are

not entirely passed to the end user.

Same pros and cons of water desalination

Pros

Provides a dependable, drougibof source of water

Provides an alternative that could allow other stressed water sources to recover.
Prevents water fAwarso and aediersdficators t he st
Provides the way of the future either for potable or wastemtreatment due to
advancingechnologies and the associated reduction in costs

Provides high quality water

Saves construction of future dams and reservoirs.

Still more expensive than traditional sources due to high energy consumption
Concentrate or waste brine from the desal process is an environmental concern
Intakes and discharge points may present harm to marine life

Permitting desal plants isilsdifficult

TooToTo () Doe oo o Do
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Does the District support or fund desalination projects?

The Districtds Regional Water Supply Pl ans
viable method and support it through the Alternative Water Supply Grant Program. Other stat
grant programs, federal appropriations and private/public partnering may be used to fund
desalination projects.

How many brackish and seawater desalination plants are currently in operation in

Florida?

Florida has more than 130 desalination plantthénSFWMD, there are about 26 facilities using
brackish water and reverse osmosis treatment with a total capacity of more thanover 140 MGD.
In addition, there is over 120 MGD of RO capacity under construction within our District.
Statewide, there are tleaseawater desalination facilities, the two oldest in Key West with a
capacity of 3 MGD and the newest in Tampa producing 25 MGD.

Are there plans to build more desalination plants in Florida?

Every fiscal year, the District receives applications for degalination facilities. Regarding
seawater, the District completed a feasibility study in December 2006. The study identified three
locations where seawater treatment facilities could Heaated with electric power plants to

take advantage of abundamant cooling water and existing intake and discharge facilities.

Utilities are considering moving forward more thoughtfully and deliberately, in view of the
experience gained from the new Tampa Bay seawater plant.

Contact Person Ashie Akpoji(561) 6822571, Water Supply Department, SFWMD
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SFWMD RO Desalination Capacities

Plant Planning | Yr. Desal | System | Desal Plant completion sorted every two (2) years
Region Cap. Cap. Percent

MGD* | MGD % Facility 2008 | 2010 | 2012
Plantaion UEC 1990( 04 04 100% | Plantation Utilities | 0.4 0.4 0.4
Utilities
St. Lucie West| UEC 2005| 3.4 3.4 100% | St. Lucie West 3.4 3.4 3.4
Sailfish Point | UEC 1978( 0.4 04 100% | Sailfish Point 0.4 04 0.4
Sailfish Point | UEC 2007 | 0.4 0.4 100% | Sailfish Point Golf | 0.4 0.4 0.4
Golf Club Club
Port St. Lucie 33.7 | 417 81% Port St. Lucie
Port St. Lucie | UEC 2005|225 | 225 Port St. LucieJEA | 22.5 225 | 225
JEA
Port St. Lucie | UEC 2003 | 11.2 | 19.2 Port St. Lucie 11.2 11.2 | 11.2
Prineville Prineville
Fort Piece UEC 2002 | 16.1 | 21.0 7% Fort Pierce 16.1 16.1 | 16.1
South Martin | UEC 2003| 2.0 8.1 25% South Martin 2.0 2.0 2.0
Regional Regional
Martin 135 [ 19.1 71% Martin County
County Utilities
Utilities
Martin County | UEC 1994 | 5.5 8.8 Martin County 55 55 55
North North
Martin UEC 1996 | 8.0 10.3 Martin Tropical 8.0 8.0 8.0
Tropical Farms
Farms
Cape Coral 30.1 | 30.1 100% | Cape Coral
Cape Coralt LWC 20 | 12.0 | 12.0 Cape Coral 12.0 | 12.0
North 09 North
Cape Coralt LWC 19 1 18.1 | 18.1 Cape Cord-SW | 18.1 18.1 18.1
SW 76
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Plant Planning | Yr. Desal | System | Desal Plant completion sorted every two (2) years
Region Cap. Cap. Percent

Clewiston LwcC 20 | 3.0 3.0 100% | Clewiston 3.0 3.0 3.0
08

Fort Myers LwWC 20 | 13.0 | 13.0 100% | Fort Myers 13.0 13.0 | 13.0
02

Greater Pine | LWC 19| 3.8 3.8 100% | Greater Pine Island 3.8 3.8 3.8

Island 99

Island Water | LWC 19 | 4.7 4.7 100% | Island Water 4.7 4.7 4.7

Association 73 Association

Collier 30.0 |54.0 56% Collier County

County

Collier County | LWC 1999 10.0 | 22.0 Collier County 10.0 10.0 | 10.0

North North

Collier County | LWC 2004 | 20.0 | 32.0 Collier County 20.0 20.0 | 20.0

South South

Lee County 9.9 39.0 25% Lee County

Utilities Utilities

Corkscrew LWC 2008 | 1.0 15.0 Corkscrew 1.0 1.0 1.0

North incl. LWC 2006 | 5.0 10.0 North incl. Olga 5.0 5.0 5.0

Olga

Pinewoods LwWC 2008 | 2.9 5.0 Pinewoods 2.9 2.9 29

Green LWC 208 | 1.0 9.0 Green Meadows | 1.0 1.0 1.0

Meadows

Bonita Springs| LWC 2003 | 6.5 15.0 43% Bonita Springs 6.5 6.5 6.5

Marco Island | LWC 19921 6.0 12.7 47% Marco Island 6.0 6.0 6.0

Manalapan LEC 2004 | 1.7 2.4 72% Manalapan 1.7 1.7 1.7

Tequesta LEC 2008 | 2.4 5.1 47% Tequesta 24 24 2.4

Jupiter LEC 1989 13.7 | 29.3 47% Jupiter 13.7 13.7 | 13.7

PBC- Lake LEC 2008 | 10.0 | 10.0 100% | PBC- Lake Region| 10.0 10.0 | 10.0

Region WTP WTP

North Miami LEC 2012 | 6.0 14.0 43% North Miami 6.0

Hialeah LEC 2011| 10.0 | 24.0 42% Hialeah 10.0

FKAA 9.0 24.0 38% FKAA
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Plant Planning | Yr. Desal | System | Desal Plant completion sorted every two (2) years
Region Cap. Cap. Percent

FKAA - LEC 19801 2.0 2.0 FKAA - Marathon | 1.0 1.0 2.0

Marathon

FKAA- South | LEC 2009 | 6.0 24.0 FKAA - South 6.0 6.0

Dade Dade

FKAA- Stock | LEC 19801 1.0 1.0 FKAA - Stock 2.0 2.0 1.0

Island Island

North Miami LEC 2008 | 6.5 32.0 20% North Miami Beach| 6.5 6.5 6.5

Beach

Highland LEC 2004 | 3.0 3.0 100% | Highland Beach 3.0 3.0 3.0

Beach

Seacoast LEC 2012 | 4.3 30.5 14% Seacoast Utilities 4.3

Utilities

Miramar LEC 2009 | 2.0 14.8 14% Miramar 2.0 2.0

Deerfield LEC 2010| 3.0 23.0 13% Deerfield Beach 3.0 3.0

Beach

Fort LEC 2010| 6.0 88.0 7% Fort Lauderdale 6.0 6.0

Lauderdale Dixie

Dixie

Hollywood LEC 1996 | 2.0 55.5 4% Hollywood 2.0 2.0 2.0

MGD* = Million gallons per day 207.1 | 236.1 | 250.4
2008 2010 | 2012

Updatal October 8, 2009FKAA = Florida Keys Aqueduct Authority

LEC = Lower East Coast of the SFWMD

UEC = Upper East Coast of the SFWMD

LWC = Lower West Coast of the SFWMD

Source:South Florida Water Management District
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South Florida Water Management District
Current and Projected Potable Water Desalination and System Capacity

District-Wide Desalination (Million Gallons per Day, MGD)
Desalination | Finished Desalination
Capacity Water Use | (Percent of Finished Water Use)
2008*Actual 235 1,100 20
2025**Projected 540 1,500 35
*Includes plants started in 2008 that will be completed before 2-012.

**Based on the 2006 / 2007 regional water supply plan updates.

Desalination is the treatment of brackish water that contains total dissolved solids (TDS) in excess of 1000 milligrams
per liter. The treatment method used in desalination is reverse osmosis (RO). The Floridan and the Lower Hawthorn
aquifers are common groundwater sources of high TDS. The use of seawater is limited.

Key Successes in Desalination

Kissimmee Basin (Portions of Orange, Osceola, Polk, Highlands, Glades, and Okeechobee counties)

« The Upper Floridan Aquifer contains fresh water and it is the main source of water in that basin; no
brackish sources are currently used.

Lower West Coast (LWC) (Lee, Collier, and portions of Hendry, Glades, and Charlotte counties)

« Currently, the LWC has 95 MGD of desalinated water resources, which comprises 74% of its total finished
water supply. This region is the District leader in brackish water desalination by volume.

« Seawater desalination is under consideration in Lee County.

Upper East Coast (UEC) (Martin, St. Lucie, and portions of Okeechobee counties)

« Currently, the UEC has 70 MGD of desalinated water resources, which could potentially supply 100% of
its total finished water supply. Desalination is expected to continue to grow in this region.

« A seawater desalination plant co-located with a power plant is under investigation by St. Lucie County.

Lower East Coast (LEC) (Palm Beach, Broward, Miami-Dade, Monroe, and portions of Hendry counties)

«  Currently, the LEC has 70 MGD of desalinated water resources, which comprises 8% of its total finished
water supply. This region has the highest growth in desalination since 2003.

« Palm Beach County completed the Lake Regional 10 MGD desalination plant in March 2008.

« The LEC has two peaking seawater desalination facilities and it is considering future seawater plants.

Key Opportunities and Challenges to Increase Desalination

linat hall oot i

o g all reg
« Capital cost is high, RO treatment is energy intensive, and energy cost is increasing.
« Concentrate disposal is a limiting environmental issue.
« Permitting may restrict use of the Floridan Aquifer in order to avoid overuse and water quality issues.
« Resources can be an issue due to limited certified well drilling contractors, causing high bids.
Kissimmee Region
« Lower Floridan is brackish in some areas and concentrate disposal will be a challenge.
Lower West Coast
« Desire for increased use of traditional fresh groundwater sources.
« Brackish Floridan / Lower Hawthorn groundwater and seawater projected to meet future demands.
Upper East Coast
« Brackish groundwater desalination projected to meet future needs.
Lower East Coast
« Highest projected demand to be met by desalination.
« District's 2006 co-located seawater desalination study identified two desirable sites in Broward and
Miami-Dade counties.
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Desalination Summary of Planning Regions
2008 versus 2025
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Chapter 2: Water Quality and Res idential Real Estate Valuation

Impact of Improved Water Quality
We anticipate that a restored Everglades will improve the quality of water in-t@h€/ South
Florida Water Management Distritt.

Water plays an important role in the determination atlesgtial real estate values. Proximity,

type (ocean, bay, lake, river, etc.), view, size and quality are among the water attributes that are
valued by real estate buyers. For example, lakeside or seaside properties sell at a premium to
properties locatedveay from bodies of water. A home on a clear stream trades at a premium to a
similar home on a polluted stream. Of course, water and its attributes are only a small part of the
bundl e of attributes that det er mishppoximityr oper t
a city and a great many other factors also play important roles.

Economists have developed techniques to quantify the incremental value of environmental
attributes’® One of the ofterused and robust techniques employed is hedonimgrie This

method estimates the price people are willing to pay for individual product characteristics, such
as a swimming pool or air conditioning, and environmental goods, such as water quality, holding
other attributes constant. Studies consistentlyvshat the watequality effect is positive; that

is, property located on or around high quality water is more valuatbier, things the sam#han
property located on or around lower quality water. The magnitude of this effect is generally in
the 0.5 pezent to 7.0 percent rang®That is, some level of water quality improvement can have
up to a 7 percent impact on real estate values. The same techniques also find, for example,

*3The CERP as currently planned leaves some question about the overall impact on water quality
throughout the 16 county region. However, it is our determination, after consultation with Evergladesi&ioundat
scientists, that overall water quality will increase throughout all of the counties and probably by more than the
estimate we provide below. With that said, an extremely conservative approach would be to carefully examine the
proposed impacts of the &P on each individual county exploring the expected changes in the relevant water
quality parameters there. This individualized inquiry would be advised except for the lack of time and precise details
about exactly how the CERP will improve water qualityech susegion within South Florida.

* There is a giant literature on hedonic pricing as a generic method in economics. For the pure theory see
SherwinRosen"Hedonic Prices and Implicit Markets: Product Differentiation in Pure Competitioutnal of
Political Economy82 (January/February1974):-85% orJack E. Triplett'The Economic Interpretation of Hedonic
Methods."Survey of Current Busine®86 (January 1986): 380. Forarecent paper involving environmental
amenities, see Frank F. LimehouBeter C. Melvin, an&obert E. McCormicki The Demand for Enviro
Quality: An Application of Hedonic Pricing in GodfJournal of Sports Economictl (June2010) : 261286.

*See, for examplé&;om Kauko, RolandGoetgeluk Ad Straub, andHugo PriemusfiPresence of water in
residential avironments v a | ue f o@TB Reseaelylfistitute for Housing, Urban and Mobility Stydies
(2003)

% Kauko, et al. (2003).
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positive effects on air quality and negative effects on proximity to toxiteveites’’ These
results are both intuitively and scientifically robust.

For the purposes of this study, our role is to estimate the impact on residential real estate values

that will derive from a restored Everglades due to improvements in water quiakty
calculation is:

pReal Estate Value= Total Real Estate ValueH E ,,H qwq

where,

E .7~ home price elasticity of water quality

wq = measure of water quality.

In order to estimate this effect we need several inputs:

The total value of real estatethe impacted area,
The extent to which water quality will be improved based on a restored Everglades

(qwag), and
1 The sensitivity of real estate values to changes in water quaify ).

1
1

We cannot know any of these inputs with precision. Howekiere are proxies available and we
have made assumptions as noted below.

Real Estate Changein-Value Estimation Results

The aggregate own@rccupied residential real estate value in thedénty SFWMD is
approximately $976.217 billiotf.Based on a suryeof hedonic estimates of watguality

*"Boyle, M.A.and K.A. Kieli A Survey of House Price Heodnmentdlc Studi e
Extemalitieso Journal of Real Estate Literatur® (2001):117-44.
*8Florida County Perspectives 2009, University of Florida Bureau of Economic and Business Research.
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effects, the elasticity of real estate values with respect to water quality is J70B4suming
that water quality, as measured by dissolved oxygen, can be returned to 1970 levels as a result of
restoring the Evejlades, there is a potential 23.454 percent improvement in water qdality.

Combining these estimates, we estimate the incremental value of a restored Everglades on real
estate across all 16 counties as:

$976.217 BillionH.07054 X .234 -$16.108 Billion.

This change represents a 1.655 percent increase in the aggregate value of real estate, which is
well within the range of typical studies on watgrality effects. However, we have also done
whatif analysis, to examine the impacts based on differentdefavaterquality

improvements. The results of that analysis are reported in Table 2.1, which also lists the county
by-county best estimates of additional ecosystem services forthcoming from a restored
Everglades. We also estimated the increased valeabéstate by assuming that nitrogen levels
would not achieve the high levels of 2004 and 2005 hurricane years. These estimates are also
reported in Table 2.JAdditionally, we assumed that it would take 1, 2, 3, 4 and 5 years for water
quality goals tattain. These alternative assumptions are designed to provide the reader and
analyst with a measure of sensitivity. For instance, if it takes three years for the water quality
impacts to render, then total effect on real estate is $15.1 billion inst$48.affor all 16

counties.

*Poor, P., J., K. L. Pessagno a mofdAmient \Water QRality A. A Ex p |
Local WaterhsedB a s e d  Bdolagital Economics60(4) @007).
%9 A 100 percenimprovement in water quality will produce a 7.Q8@rcenincrease in real estate values.
®1 Restoring the current water quality to the 1970 leweans, increasing the average dissolved oxygen
content from its 2009 level 4.2359 (unfiltered) milligrams per liter to its IR@vel of 52485 See the appendix
to this chapter for more information on the time seriedigsgfolved oxygen in the regiobissolved oxygen is not
the only measure of water quality. There is salinity, turbidity, nitrogen content, and others. However, these are
typically, but not always, correlated. While other metrics can be used, we did in fact create an estimate using
nitrogen levels and the results were robust, we assert that dissolved oxygen is the best, single metric.
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Table 2.1: Value of Everglades Restoration on South Florida Re

mather:

al Estate via Improved Water Quality

Table 2.1 Value of Everglades Restoration on South Florida Real Estate via Improved Water Quality
Sensitivity Analysis
Real Estate Value Impr - Best Estimate Potential Real Estate Value Impr Using Various % Change in Water Qualit
Years until Potential Increase in

Incremental Real Estate [ |water Quality |Real Estate value at
County value Goals Met 2.1% Discount Rate Basi 19% 5% 23% - Best Estimate 25% 50% 100%
Broward 5,032,000,000 |1 s 15,777,000,000 | [Suspendea solids Model | 536,000,000 % 5,357,000,000 | $ 16,108,000,000 | 13,392,000,000 S 26,785,000,000 | 53,570,000,000
Charlotte 2 s 15,452,000,000 | [nitrogen modet s 689,000,000 5 6,887.000,000 s 17,216,000,000 s 34,433,000,000 _$ 68,865,000,000
Collier B s 15,134,000,000
Dade 4 s 14,823,000,000
Glades B s 14.518.000,000
Hendry
Highlands Discount Rate 2.10%

BlhppbaIBHOBBBE6 6 o
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Appendix to Chapter 2

Table 2.2 reports the average annual levels of two metrics of water quality in the South Florida
region,milligrams of dissolved oxygen per liter (unfiltered) and the percentage of saturation of
dissolved oxygen. These data were obtained from the U.S. Geological Survey. Our benchmark
for assessing the impact of Everglades restoration on real estate isne aisat the milligrams

of dissolved oxygen per liter will be returned to the average of the years 1970 and 1971. We
compared this average, 5.2485 to the 2009 average level, 4.236. Thelllgvel is 24 percent
higher. Had we used the alternative meastirgater quality, percentage of saturation of

dissolved oxygen, the benchmark restoration would have been far more dramatic, a 75 percent
increase in water quality (implying a much larger increase in real estate values, three times as
large. Using our caervative principle, we used the smaller estimate.

Table 2.2
Dissolved Oxygen In South Florida Waters Overtime
Average Annual Means

Dissolved

unfiltered,

Year liter

oxygen, water,

milligrams per

Number of
Observations

Dissolved
oxygen, water,
unfiltered,
percent of
saturation

Number of
Observations

1967
1968
1969

7.3106
6.4565
5.4644

85
147
436

8.9377
7.5547
6.9519

77
148
335

1972 4.8122 1453 6.1584 676
1973 5.1197 1758 6.2592 174
1974 5.1655 1287 6.7667 339
1975 5.3458 2531 6.5041 386
1976 5.4192 2300 6.8203 507
1977 5.2386 2133 7.3425 313
1978 4.9491 1940 7.5598 500
1979 4.8722 904 5.9694 252
1980 4.9964 714 6.3149 242
1981 5.1637 658 7.3608 232
1982 5.7734 545 6.6579 254
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1983 6.1857 481 7.1209 43
1984 5.8818 314 7.3077 13
1985 5.8915 271 6.8250 12
1986 5.2963 187 6.9316 19
1987 5.1434 198 6.2333 30
1988 5.9341 305 4.3400 10
1989 4.8433 217 3.4167 12
1990 5.2206 286 4.7500 8
1991 4.6030 166 4.4000 9
1992 4.9944 178 4.0800 5
1993 3.6132 152 4.1286 7
1994 4.1200 115 4.5143 7
1995 6.0110 82 5.1000 1
1996 4.6989 271 5.0906 32
1997 4.4092 759 5.1321 28
1998 3.8424 1004 4.5971 69
1999 4.5947 758 3.8577 26
2000 5.1187 610 4.2240 25
2001 4.2306 157 4.4622 45
2002 4.0013 149 4.1782 55
2003 4.7906 106 4.1545 44
2004 3.9030 912 4.9691 139
2005 4.5929 1247 5.3142 106
2006 4.4014 568 5.1630 73
2007 3.8034 561 5.5491 53
2008 3.6657 1149 6.1551 69

Source: USG%for details, sediscussion in appendix to Chapter 1).
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Figure 2.1USGS Data on Dissolved Oxygen, annual averages, all stations;A&unty South
Florida region

Figure 2.1 displays the decline in dissolved oxygen content over the past 4 y&auth
Florida.Our estimate of the impact of restoration on real estate values is based upon restoring
dissolved oxygen to its 19711 levels.
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