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1. Introduction

. - Study Area )

.........

Uses: water supply, flood control,
irrigation, and recreation.

~~~~~~~~~~~~~~~~~~ e S Threats: Land use changes and
e Nl b excessive nutrient (phosphorus)
....... e ORI % loads.

Solution: Adoption of a phosphorus
Total Maximum Daily Load (TMDL)
of 140 mtons/yr.
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Drainage area: 11,914 km?




1. Introduction (cont.)

Case Study: S191 Basin )
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1. Introduction (cont.)

L Case Study: S191 Basin )

» Direct discharge to Lake Okeechobee.

» 73% of the basin is composed by
agricultural land, 22% natural areas,
and 5% urban.

» 485 km? - 49% of the Lake Okeechobee
Watershed (LOW) area.

» Annual average Total Phosphorus (TP)
load of 85 mtons* - 17% of TP load to
the Lake.

*From 2002 to 2009.
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2. Objective .

Assess the environmental and economic
benefits of a phosphorus credit trading

program compared with a command-and-
control approach
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3. Methodology

PHASE 1 : :
| Hydrology and Water Quality Modeling
Where phosphorus sources are located? How much is their annual average load?
What are the trading ratios?

PHASE 2 i :
Economic Modeling

What is the optimal cost-effective Best Management Practices (BMPs) to be
implemented at each source in order to achieve a basin-load reduction target?

PHASE 3 i i i i
Phosphorus Credit Trading Scenario Analysis

|
What is the net cost savings of a trading program compared with a command-

and-control approach?
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3. Methodology (cont.)

S Phase 1: Hydrology and Water Quality Modeling |

WAM is a GIS based model aimed to:

« Simulate the water quantity and
quality for existing conditions in a
watershed.

« Develop nutrient strategies while
Identifying existing nutrient sources by
land use and region.

« Analyze the impacts of different best
il management practices on the
watershed.

Basin Outlet Source: SWET (2011) ' \ ) \ . -



3. Methodology (cont.)

. Phase 2: Economic Modeling )
L east-Cost Abatement Model:

___________________________________________________

i B ' Indices:
Min Z = Zzzci,k,j X Xi,k,j iz zones
i ko i J: land use types

. ' k: BMP types |
Subjectto: e |

| Given Data:
ZZZ L. xr . xX, . >Target P ' Cy,; annual abatement cost , $/yr
5 AR Lk — red | L;;: TP load, kg/yr
. I';- BMP TP load reduction efficiency, % !
_ : : ' Target_P . basin-wide minimum TP load !
Zklxi,k,j =1 ‘v’l,k,j ' reduction target, kg/yr '

. . _ _ : Decision Variable:
This optimization model will be solved using the X ;- binary variable, 1 if BMP is

General Algebraic Modeling System (GAMS)  implemented, 0 otherwise |
software. o Tmmmmmmmmmmmmmmemsemmesneeeooeoee
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3. Methodology (cont.)

. Best Management Practices (BMPs) for Phosphorus Reduction

=2 Fertilizer
amount

BMP type | — OWnertype  Fertilizer RE
« Non-structural type

BMP type Il — Typical type
« Structural

Wetland
restoration

BMP type Il — Alternative type
« Structural

Chemical
treatment



http://go2.wordpress.com/?id=725X1342&site=greenerloudoun.wordpress.com&url=http://www.ars.usda.gov/Main/docs.htm?docid=11769&sref=http://greenerloudoun.wordpress.com/page/4/
http://www.google.com/imgres?imgurl=http://watersecretsblog.com/archives/wetlands.JPG&imgrefurl=http://watersecretsblog.com/archives/2008/07/index.html&usg=__S1M5rPVTDW5JRbrqdM-WY9J6rLk=&h=1074&w=1600&sz=579&hl=en&start=2&um=1&itbs=1&tbnid=m7XHoqN6y7810M:&tbnh=101&tbnw=150&prev=/images?q=picture+wetland+restoration&um=1&hl=en&tbs=isch:1
http://www.google.com/imgres?imgurl=http://www.heartlandwild.com/images/Aerator.jpg&imgrefurl=http://www.heartlandwild.com/lakes.htm&usg=__vzxTsQ50iDw8bhRCGnDwXZpExME=&h=400&w=600&sz=58&hl=en&start=109&um=1&itbs=1&tbnid=sef2qPJ9kbgliM:&tbnh=90&tbnw=135&prev=/images?q=picture++chemical+treatment+of+runoff&start=100&um=1&hl=en&sa=N&ndsp=20&tbs=isch:1

3. Methodology (cont.)

e Phase 3: Phosphorus Credit Trading Scenario Analysis )
Step 1 Determination of the cap
| Allocation of the cap per source
Step 2 Estimation of the costs of the command-and-control and the
| least-cost abatement approaches
Step 3 Determination of the credit price
| Identification of the buyers and sellers of credits
Step 4 Estimation of the number and cost of the credits traded
—
Step 5 Estimation of net costs savings
L
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S Phase 1: Hydrology and Water Quality Modeling

Identification of Total Phosphorus (TP) Sources in the S191 Basin

Land use and TP loads spatial distribution

—— Reaches

TP (attenuated to the nearby stream)
(kg/halyr)

IO0-05

[ os-1

[ ]11-15

, [ 16-5

£ Jse

A ‘s - e
‘ \\ g
*{ ;
Total area: 485 km?2

56% Improved Pastures
5% Dairies

Total load: 91 mtons yr?!
56% Improved Pastures
Resches 23% Dairies
Urban
I Ornamentals

I Field Crops : Zonlt v .
Rangeland/Wooded Pastures 8 e o : . \,

B Unimproved Pastures ' ‘—K'\ , N
Sod Farms . %; 4

Row Crops i
Citrus N LI~

I Dairies ’ ré{:”/
Improved Pastures y 0 3 5 12 Km
Other Areas



5. Results (cont.)

L Phase 1: Hydrology and Water Quality Modeling )
Average Attenuation by Zone 1 1
e i Trading Ratios (TR)
% Z:zf; TR are used to equalize the TP loads at the
I zone 4 (7%) basin outlet from trading sources located at
B zone 5 (9%) different distance from the Lake

B zone 6 (13%)
_ (1-Buyer's attenuation factor)

- (1— Seller's attenuation factor)




4. Results (cont.)

(\ Phase 3: Phosphorus Credit Trading Scenario Analysis (step 1) /‘)

 Trading Program Cap: TP Reduction Target

Min Z =2"> > ¢ < Xy
i k]
=&— |east-cost abatement

$9 Subject to:
— $8 RN
L7 D22 Ly xn x X, >Target _P,,
» $6 ik oj e
c
o $5 _ . .
S Zklxi,k’j =1 Vik,j
S
=~ $3
§ $2

$1

$- : |

0% 10% 20% _E’,Qf/o' 0% 50% 60% 70%
Phosphorus Reduction Target
Current load (attenuated to the nearby stream): Target load: Individual allocation:

87.9 mtons yr! 30% reduction 61.5 mtons yr! 1.6 kg hat yrt

| eeeas



4. Results (cont.) .

. Phase 3: Phosphorus Credit Trading Scenario Analysis (step 2)

* ldentification of Best Management Practices per Land Use and Zone

Command-and-Control Least-Cost Abatement
®BMPI XBMPII ABMPIII ®BMP| xBMP Il ABMPIII

Zone 6 ® A A @ A Zone 6 o ¥ A A { o
Zone 5 ° A A A ® A Zone 5 ® A ° A ° A °
Zone 4 X% A A A @ Zone 4 @ A L A % o
Zone 3 @ A A A X Zone 3 @ * @ A X L J
Zone 2 A A A A X A Zone 2 ® A ° A X X °
Zone 1 A A Zone 1 ® X ®

@Q‘({’:‘Z”e 0&@6 \60@ @"’&Q} S & Qdie’% & < I S

P ¢ &° ® & ~a o\(\’bé\ o

Actual Reduction: 41%
Cost: $ 5.0 million

Actual Reduction: 41%

Reduction Target: 30%
g ° Cost: $ 3.4 million

Reduction Target: 30%



4. Results (cont.) .

. Phase 3: Phosphorus Credit Trading Scenario Analysis (step 3)

 Credit Price: Marginal Abatement Cost (MAC) Curve
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4. Results (cont.) .

.

Phase 3: Phosphorus Credit Trading Scenario Analysis (step 4)

Identification of Sellers and Buyers
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4. Results (cont.) .

. Phase 3: Phosphorus Credit Trading Scenario Analysis (step 5)
« Cost of Credits Sold/ Bought per Land Use and per Zone ($ in thousands)

0.4
Zone 6 2 @
0.2
Zone 5 @ -
0.8 @ Credits sold
Zone 4 24 fy. .
Credits bought
Zone 3 9 16 s.--.
Zone 2 & 493 6 81 e
Total credits traded:
9,579
Zone 1 568 8 9 _____
F &bl & @ obl &
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4. Results (cont.) .

. Phase 3: Phosphorus Credit Trading Scenario Analysis (step 5)

Cost Savings per Land Use and per Zone ($ in thousands)

Zone 6

Zone b

Zone 4

Zone 3

Zone 2

Zone 1

Total cost savings:

$ 1.3 million (27%)
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« Phosphorus Credit Trading in the S191 Basin would provide 41% reduction in
TP loads into Lake Okeechobee with a 27% in cost savings when compared
to a command-and-control approach.

« This TP load reduction represents 10% of the total reduction needed to meet
Lake Okeechobee TMDL.

» Higher TP reductions could be achieved by implementing a trading program to
other sub-watersheds.
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