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Why: this? Why now?

Currently, agricultural non-point pollution (ANP)
control is primarily based on providing Inputs to
water guality conservation. This gets us some
clean-up but it Is expensive. So, ANP remains a
problem and research is loeking for alternatives
to Input-based approaches.

\We propoese a performance-based approach to
ANP controlwhere farmers are paid based on
water quantity and guality.



Overall research objectives

(1) Derive and assess a pricing formula based on water guantity and
guality that prevides an appropriate incentive for farmers to
Implement best management practices (BMPS) to conserve surface
water resources;

(2) Given the availability of incentive payments, assess changes in
farmer attitudes and behavior towards BMPs that protect and
conserve water resources relative to the traditional cost share
approach;

(8) Monitor changes in water guality and guantity in response to
performance-based economic incentives and compare to monitoring
In other watersheds where these incentives are not offered; and

(4) Compare the cost effectiveness of water quality improvements for
Incentive payments relative to the traditional cest share approeach.



\WWhere can we do a field experiment?

We selected a watershed impacted
by agriculture yet small enough to
manage a field experiment
potentially involving all farmers in
the watershed.

The Selected Watershed:
*Cullers Run

oA stream tributary of the LLost
River in the eastern panhandle . .
region of West Virginia B it Y
«Contains 2,978 hectares in \West k)? _
Virginia’s largest poultry AT
production county.
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Study Area

o Sixteen percent of the j Cullers Run Watershed
watershed is devoted to /i Land Use
agriculture, mostly fit ]
pasture or hay land.

 There are approximately
twelve poultry houses
conducting intensive
poultry production in the
watershed.

* Most agricultural fertilizer
use in the watershed is ,
provided by poultry litter. +

r
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The Intultion

Best Water Quality

Monthly
Payment
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Stream Discharge

Payments need to:

e assSISt In motivating farmers to participate In the experiment,
e provide an incentive te abate,
e [De seen as fair, and

o sensibly reflect environmental conditions.



Problem Statement

But to conduct a field experiment, we need to estimate
payments with enough accuracy. to:

o gIVe researchers the budgetary information they
would need, and

o let farmers evaluate the desirability ofi participating.

Put differently, we had to be able to answer farmers when
they ask: “So how much money. are we talking about?*



Payment Formula

\Watershed = volume * unit price *adjustment
Payment factor

> Units are In acre-feet.

> T'he adjustment factor Incorporates water
guality changes.



Step 1: Volume Estimation

\We used:

o 32 months ofi 30-day cumulative
regional rainfall data,

o corresponding mean monthly
flow data from Waites Run as
measured by the USGS’ and 0 1000 2000 3000 4000 5000 6000

( EXCG_I “_beSt fit” equations that 30-day Cumulative Water Input (ac-ft)
maximized R?.

Summer Precipitation versus Discharge

R?=0.4881

acre - ft/month = 8.778 x (rainfall) x (watershed acres)®®®* (R? =0.42)

acre - ft/month = 0.0018 x (rainfall) x (watershed acres)**® (R? =0.48)




Step 2: Quality’ Adjustment

We assume Cullers Run nitrate-N load has two
components:
Nitrate-N Conc.

Because this would add noise to the econoemic Incentive
\We Use a ratio of nitrate-IN 1n a “natural’ stream over
that 1 Cullers Run as our adjustment factor. 0



Step 3: Price Estimation

With estimates off velume and guality, to estimate prices
that would induce BMP implementation, we built an
economic optimization (GAMS) model with the following
simple objective function and constraints:

Max Net Income = ( Ag Income) +( Water Income)

s.t. contraints on acreage, land use shifts, and non-negativity.

where. ..

Ag Income = [ (Net revenue of land use i per acre)x (Acres land use i) |

WI = (ac-ft of water) x(

Pricej>< Average nitrate-N load Waites Run

ac-ft Z Lbs. nitrate-N o (acres landuse |) y @O-3188xrainall level
i acre landuse i e0.3188><ave. monthly rainfall
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BIMIP Inducing Prices

Water Price Summary

May through September October through April

Cullers Run Cullers Run

Stream Discharge | DONATSPEF | gtream Discharge | Do ars Per

Acre-Foot Acre-Foot

(ac-ft) (ac-ft)

Up to 320 Up to 740

Over 740 5

Single versus Multiple \Water Prices

> A single water price at every discharge level that induces BMP
Implementation could result in too high ofi payments at high
discharges and too low: ofi payments at low discharges.

> \We chose to compute abatement Inducing prices; by season and
discharge level toaveid ever/under paying farmers.
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Evaluation Methods for
the Payment Formula

> Simulate payments and payment components
based on past data.

> Compare estimated with actual payment levels.

> Examine participation and abatement decisions
by farmers.
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Evaluating Simulated Payments

> The annual total payment averaged $7,721
(range: $4,593 to $9,400) based on 4 years of
estimated monthly payments.

> A 25% reduction In nitrate-N gave an average
payment of $9,595 annually (range: $5,898 to
$11,480).

> Abatement payment function IS COnVex.
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Simulated payments over 4 years of
data

Estimated Monthly
ayment

500 1000 1500 2000 0% 0% 40%  60%  80%
Estimated Monthly Discharge (ac-ft) Nitrate-N Abatement Level
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Evaluating Simulated Adjustment
Factors

Discharge versus Nitrate-N Discharge versus Adjustment Factor

¢ WRnN-N/CRn-N

—Trendline
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500 1000 1500 2000 2500 500 1000 1500 2000 2500
Estimated Discharge in Month (ac-ft) Estimated Discharge in Month (ac-ft)

Adjustment factor reduces connection between discharge and
nitrate-N (R? = 0.25, p<0.001 versus R% = 0.03, p<0.23)
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Comparing Estimated versus Actual
\alues

> Payments are the multiplication of water
guantity (in acre-feet), price, and an
adjustment factor.

> \When comparing estimated versus actual, we
compare guantity, adjustment factors, and
payment levels.
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Comparing Estimatedl versus
Actual Discharge

Discharge (ac-ft)

> Cullers Runistream flow was much lower than
anticipated during Apnl through December 2007.
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Comparing Estimatedl versus
Actual Adjustment Factors

Average Monthly Adjustment Factor

> The adjustment factors were much higher than expected
during April through; December 2007.

20



Comparing Estimatedl versus
Actual Payments

Payment

@ Estimated
m Actual

> With the exception of the first three moenths, payments have been
lower than expected between April and December 20017.
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Comparing Estimated versus
Actual VValues
> Total actual payments between April and
December 2007 were $3,193.

> Estimated from past water guantity and quality
data, payments were expected to be $4,357.

> This IS a difference of about one-third less
(-36%), due mostly to drought conditions.
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Evaluating Farmer Response

> Farmers were able to sign a written contract to
participate In the project beginning April 1,
2007.

> [0 date, a total of 15 farm households have
signed a contract.

> This sign-up represents about one-half of the
farmers who came to meetings.

> Of the totall actual payments ($3,193), only
$922 has been distributed! to farmers.
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Evaluating Farmer Response

|_ess than one-third of the payments have been
distributed based on a farmer decided payment
allocation formula:

>a $50 signing bonus to each participant who signed up
prior to June 1st, 2007,

>10% of each monthly payment Is to be distributed
egually among all participants,

~the remaining 90% Is reserved to financially assist
farmers who engage in nitrate-N abatement, and

»any remaining funds at the end of the year are to e
paid out as a hoenus to all participants.
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Evaluating Farmer Response

> Participation: 41% of
AgNEeiVIOEHiIEn the Cullers Run Watershed

Wa J@’ped into_upper Upper section:
and lower sections... 49% of ag land

> Abatement: One of
Weeelaseitiate
I on % of ag land
bgs%gﬁ%ért@&m i Iefﬁgé
Initiated abatement.

> ParticipationIs not
even throughout
Watershed...

ity

Cacapon Institute, 2002
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Conclusions

\We think so far so good...

o A substantial portion of farm households and land
IS participating In the project.

o Farmers have shown an Interest in identifying
water quality problem areas and have undertaken
additional abatement, although the link to the
payments IS uncertain.

o Participating farmers are trying to recruit
nonparticipating farmers, especially in the lower

Section.

26



Conclusions

However...

o Ultimately, project success will hinge
on getting lower section farmers
Involved.

o We will seek to better understand how
participating farmers will make
abatement decisions as a group.
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Thank you!

Any Questions??
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