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Goals ofQur Talk

We havestronqg collaborationgcross the thre&ePSCoR states.

Active involvement of faculty, postdocs, and graduate and undergraduate
students.

Ourresearch linking water quality sensors, human behavior and
policyisgoing grea@nd its being welteceived with our
disciplines and in interdisciplinary contexts

NEWRNnNet research has led to other major extramural awards.

We are engaged iexciting fieldexperiments involving non
studentparticipants.

We have linkedagentbased modelsind economic experiments.

Our results are meaningful to policy makers, resource managers,
and stakeholders.
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Overview of Research Accomplishments

1 27 Research Projects, involving 29 different researchers have been
started related to NEWRnNet themes.

3 accepted\(Vater Resource Research, Agricultural and Resource Economic
Review)

Collaborations with several assistgbfessorgdShanshaming, Todd Guilfoos,
ScottMerrill. Leah Palnfrorster,Soni M.Pradhanang) and recent PhD graduates
(Jacob Fooks, Maik Kecinskangzhd.i)

}  Grant Proposals Building on Cr&taite & Multidisciplinary
Collaborations

USDACenter for Behavioral and Experimental Adtnvironmental Policy Research (CBEA®3sser (ceDirector),
Uchida, Fooks, Kecinski, Li, and Pabrster (CBEAR Fellowg)290,000.

NSFEPSCoR N} O1 LL 3INI yd j@nyfywithColkbbdetdss in?RF, NH dndMaine. Gold-RT) Uchida
(CoPIl) and Guilfoos (Senior Researché,p$0,000.

USDANIFA Agriculture and Food Research Initiati20152019 A human behavioral approach to reducing the
impacé of livestock pest or disease incursions of secionomicimportance. P0 Smith, G®Is Merrill, Zia, and Koliba,
et al. $7,400,000.

USDAAFRIc Water Quality Economics Workshoguilfoos Pl), Messer and Uchida (€ds) @7,882.

USDAAgricultural and Food Research Initiativélesser (Cé°1) expands th&gVISEproject throughout the Delmarva
Peninsula and also the Southeast of the United Sta&€@0P00.

b { GQupled Nature Human Systems progrdmstudy ecosystem services from mangrove forests, which include
protecting the quality of drinking water Uchida (le&d)), Guilfoos (c®1) and Gold (Senior Researches)@ 000.

7 USDACenter of Excellence at the Nexus of Sustainable Water Reuse, Food Crop Production, and Meakkr and
Kecinski (cé°l), Li (Senior Researcher). $10,000,000



Value of Multidisciplinary Collaborations

Soni M. Pradhanan@\ssistant Professor é¢fydrology and WateQuality)

G ¢ Krfpact of information on behavior under an ambidrased policy for regulating nonpoint source
LJ2 £ f dzil A 2 Y EWRR fofthkozning) SG | f @

Shanshaming (Assistant Professor of Statistics)

Spatialeffects of sensor information in inducing cooperative behaviors for managingoion
source pollution: Evidence from a decision game in an idealized water&bixdet al.in review
at Ecologyand Society

al GGKSg aAftSNIoalylr3aSNI 2F 2AfYAYy3Iiz2y

oContextual Messaging and Voluntary Contributions to Support Water Quality Improvements anc
SNAY 1 AY3 21T (i SElisktyT AREBrtdddiz@)i dzNS ¢

Dan Leathers (Professor of Meteorology; Delaware State Climatologist)
G+AddzZ t AT I GA2Y YR /2ttSOGAGS LBRSeetd.jne A
development)

Andrew Schroth, Kent Messer, Jacob Fooks

7 ~ ~ ~ ~ ~
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Stakeholder Engagement

)| Agri-Environmental Research
\\‘--""::\ >

1 Examples of State level engagement K —
Dan Leathers is the Delaware State Climatologist
Ver mont GOlimaeCabmet 0 s

Rhode Island Nursey and Landscape Association seascape
LakeChamplain Basiprogram

DelawarelnlandBays
SeaScaperoject THE
Vermonti ni ti ati ve on buil di FUNIVERS]ﬁY r

OF RHODE ISLAND
Water Quality Programs

+  Examples of National level engagement
USDA Natural Resource Conservation Service
USDA Farm Service Agency
National Association of State Conservation Agencies i .
NationalAssociation of Conservation Districts RHODE ISLAND

MURSERY & LANDSCAPE ASSOCIATION

;. Tri-statestakeholder meeting the Fall of 2016. i o
DRIN
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The impact of information on
decision making

Haoran Miao, Ph.D. Candidate

Department of Environmental and Natural
Resource Economics

University of Rhode Island
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The impact of information on behavior under an ambient -
base policy for regulating nonpoint source pollution

Haoran Miao!, Jacob Fookg, Todd Guilfoos?,
Kent Messef, SoniM. Pradhanand,
Jordan Suter®, Simona Trandafirl, Emi Uchidal

! Department of Environmental and Natural Resource Economics, University of Rhode Island

2 USDA Economics Research Service
3 Department of Applied Economics and Statistics, University of Delaware

4 Department of Geosciences, University of Rhode Island
5> Department of Agricultural and Resource Economics, Colorado State University
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A Nonpoint source (NPS) pollution
A Information gap between environmental regulators and
polluters

A A potential solution: Ambient based policy ( Segerson
1988)
A Information problems still exist even targeting ambient

pollution level

A Ambient pollution is not perfectly measured

A atial heterogeneity of polluters and diffused nature of NPS
pollution add more complexity

A Recent sensing technology can provide more accurate

Information
A Increased temporal and spatial monitoring

13
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A Research Question
A How does increased temporal and spatial
moni toring affect NPS pol
efficiency outcomes under ambient tax/subsidy ?

A Methods

A Utilize | aboratory experiment with college students
A Simulate pollution dynamics (Total N) over space

and time with QUAL2K* model

* River and Stream Water Quality Model ( Chapra et al., 2008) released by
USEPA

14
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A Apublic goods game (Segerson1988 & Spraggon2002)
A Six firms operate on six different parcels (Emission level O - 50)
A Damage happens just downstream of parcel 6
A They face ambient tax/subsidy policy
A Tax/subsidy is based on measured maximum pollution
concentration and a threshold exogenously determined by the
regulator

A 108 college students as subjects
15



Treatments

Number of Frequency of Ambient
Treatment Label
sensors sensing tax/subsidy

No Sensor

One Sensor,
Low Frequency

One Sensor,
High Frequency

One Sensaor,
Continuous

Two Sensors,
Low Frequency

Two Sensors,
High Frequency

Two Sensors,
Continuous

No Sensing

Low

High

Continuous

Low

High

Continuous

Yes

Yes

Yes

Yes

Yes

Yes

e
River
S Parcel 1 Flow
@D Parcel2 o0eeee [ ]
SN
reet
@IS  Parcel 3
= »
@D  Parcel 4
ree 4
@ Parcel
O Parcel6 Sensor B
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Selected hypotheses

Networs ha -., ¢
H1: over all H2: Individual . o H4: Social
y o H3: Individual emission o
emission emission efficiency
Tax/subsidy ‘ Upstream Downstream

Increased
frequency ‘ ' '

AH1: Tax/subsidy will reduce overall
A H2: More number of sensors has no effect on individual emission.
A H3: More frequent sensing reduces emissions on parcels farther away
from the sensor compared to those closer to the sensor.
A H4: Continuous sensing leads to highest social welfare.

17



Results

-#

: <8,
H1: over all H2: Individual o o H4: Social
. o H3: Individual emission o
emission emission efficiency
Tax/subsidy ‘ é Upstream Downstream

b pa ta

18
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A Increased temporal monitoring induces polluters to
allocate emission reductions more efficiently.

A Increased temporal monitoring increases social
welfare.

A Social welfare increases over time: Are subjects
learning with more informatoin ?

A What happens if group size increases?

19



NEYYiiet

»

& % B et ¥
North East &2 °* . 'I K
Water Resource® ™ @ __ ¢

-
Network 4 -‘. "

Learning in imperfect information environment:
nonpoint source pollution settings

Haoran Miad', Todd Guilfoos!, Emi Uchida?!, Christopher Koliba?, Asim Zia?

1 Department of Environmental and Natural Resource Economics, University of Rhode Island
2 Community Development and Applied Economics Department, University of Vermont

20



Research Question and Methods NE raLes
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A Research Question
A Does more accurate information about pollution allow
polluters learn to reach efficient behavior over time?
Does group size affect efficiency?

A Methods
A Agent-based modeling ABM
A Laboratory experiment + Experience Weighted
Attraction (EWA learning model ( Camerer 1999)

21
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A Why use learning model?
A Static Nashequilibrium (NE) does not predict human behavior
well in repeated games ( Feltovich 2000)

Study 1 results Low Frequency High Frequency Continuous sensing
Portion of subjects
playing Nash 19% 38% 25%
Equilibrium

A Experience Weighted Attraction Learning

A Reinforcement learning
A Adjust strategies according to what they earned in previous
rounds
A Belief based learning
A Adjust strategies based on beliefs about what other players

would do
22
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A ABM details
A Watershed with many groups of 6 firms each
A Agent make decisions
A Apply parameters that characterize different
patterns of learning from lab experiment
A Policy intervention: more frequent sensing

A Simulation results (20 groups, 60 rounds)

Low Frequency High Frequency Continuous sensing
Portion playing NE
(Actual data)
Portion playing NE
(simulated data)
A Next steps
A Increase group size

14 A Introduce uncertainty in learning parameters

19% 38% 25%

22% 33% 25%



Roadmap of Presentation

‘ i El
{ety 4 .
Parcal 1 \

Multidisciplinary Research (K. Mess&iD) .. ] d
Research Examp(él. Maio- URI) = 0
Field Experiments (E. Uchid&RI) s k\ ! 1

Research Examp(e. Grand; UD) _
Experimentalcames (S. MerrdlUVM) ‘“‘*““‘““;:';,;:‘j“;;g;;ﬁz;m‘"d‘“‘“°"
Agentbased Models (A. ZtdUVM)




Field Experiments

} Field experiments involve the land use choices by homeowners and
farmers. More expensive and difficult, but have higher external

validity, especially when talking to policy makers.

Effectof information, social nudges and financial incentives on

1.
residential lawn caréecisions.

2. Agricultural Value Innovation Stewardship Enhancement (AgVISE) proje
Evaluated how Delaware farmers made decisions regarding enrollment hsltas
programs for nutrient management EQ‘V

3.  HomeownerValue Innovation Stewardship Enhancement (HomeVISE

project
Builds upon successful AgVISE and looks at nutrient management practices that can be

implemented at the house or apartment level.
Ongoing in watersheds in northern Delaware.

Lead by Tongzhe Li (postdoc). | lohle
SV
Sk

25



Effect of information, social nudges and
financial incentives on residential lawn care

decisions: A field experiment

Emi Uchida, Associate Professo
Department of Environmental and Natural Resource Econom
University of Rhode Island

ICS



Residential lawns as a source of water pollution

Rainfall

Image source: www.nirpc.org

27



Examples of BMPs for lawn care

Mow high

Leave the clippings

52y Q0 FSNIATATS SI NIe&
Avoid fertilizers from impervious surfaces
Plant perennials on the boundaries with roads

—_— e e d

www.gardening.cornell.edu

28



Testing behavioral change in lawn care decisions: Bringing insights
FNRY O0SKIFI@A2NIf SO2y2YA0a (2 OKIFy3IS N

{Good Information can lead to better decisions. ]

A Make salient the linkage between lawn care decisions and water quality

Peoplec are about otherso behavifor. Pe
right thing.

A Normative appeals spur nemonetary motivation such as moral costs
(e.g.Levitt and List, 2007)

ASoci al nor mati ve messages:. OMany resi
already contracted withGreen er t i fi ed | awn care prof

Financiaincentives (sometimes) work, but it can crowd out

i ntrinsic motivation to 0do he ri

Aension between financial vs. intrinsic motivation has been found in

other contexts (e.gAlpizarandMartinsson2010;Laceteraet al. 2012;
Pellerancet al. 2015 et al.)

ABut no crowd out effect when the incentive is large enougnéezy
2011)

29



Goal of this research

To test and measure causal impact of
(a) better information;
(b) social nudges;
(c) financial information

on lawn care decisions.

30



Empirical issues in measuring causal impact

1.

31

Many factors other than a program can influence changes
over time

Selection matters: If voluntary, those who sign up for or are
selected for a program can be different from those who are

Nnot
Researchers need to be able to observe outcomes
Lawn care practices (and lawns) are difficult to monitor.
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A Requires completion of an
extensive list of BMPs covering
a range of activities that focus
on water conservation and
efficient turf management.

A Only 3 companies are certified
as of today.

32



Empirical method to measure causal impact:
~Randomized evaluaton. ...

Basic information only
(1500 subjects)

Residents in souther

New England

A Has alawn

A Does not have a
contract with a
green certified
professional

5asic Information

+ Social nudging message

+ Financial incentive (Low,
Med,High




Data collection plan

Summer / Fall 2016: Design survey, collaborating with local
schools to recruit subjects.

December 2016: Roll out invitation to participate in online survey
Januaryc March 2017: Send out reminders

April 2017: Evaluate program outcomes

34
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Testing Policies to Reduce Non
Point Source Pollution under
Climate Variability

Linda Grand, Jacob Fooks, Kent Messer

“‘ Rhode Island
EPSCoR



Background

} MS Agriculture & Resource Economidsiversity of
Delaware

1 Interested in Water Research
Involved INNEWRnNeEXxperimental Economic Class

1 Applying research in California
Interning this summer at Public Policy Institute of California.
Seeing how the drought impaatsinking waterutilities

37




Background

}  Climate change will impact drinkingater utilities

Quantity and timing of annual runoff, seawater intrusion, changes
temperature, increasegealevels

Increasedextreme events

}  Drinking watertilities may adapt by protecting upstream water
sources subject to nepoint source pollution

How can these efforts change the behavior of upstream users?
Does behavior change based on the structure of payments?

38



The Experiment

} Participants choose production =>

revenue and pollution. parcel 1 \
1 Participants may receive an parcel 2 } @
additional subsidy: parcel 3 / @
Ambient Parcel 4 /
Basedon total downstreandamage @
of all 6Parcels observed by a sensor|Parcels
Targeted Parcel 6 \ _— @
Basedff individualproduction . —— —
. Miao, H, JFooks T Guilfoos K Messer S PradhanangJ Suter, S
} Dam ages depend N part on Trandafir and E Uchida"The impact of information on behavior
! ! under an ambientbased policy for regulating nonpoint source
Wea'[hel‘. LJ2 f f dad@atérReSdurceResearcli2016).
Different distributions of weather GxAddd EATFGAZY FyR /26t SOGAC
Variability across treatments: { S (X Bulal, § Fooks, and K Mes®dite-up in process
S/le)ryil?gei’] (2) Standard, (3) High, (4) (I?/Iés;(;]:.,agdjl\stjtér. ' GANAOGdzi A 2Y A Y Jioaky, K

39



The lower the production the better

Results

Average Individuatroduction by Treatment

18.0

Very High

23.4

23.5

Standard 4.5

Weather Variability

— s — = Targeted m Ambi




Table 1 Random Effects Regression on Individual Production

Dependent Variable Log(Production)| Model 1

Number ofParticipants 96

Number of Observations 3774

Ambient 124 (0.048)
Standard Weathe¥ariation -0.018 (0.039)
HighWeather Variation -0.041 (0.032)
VeryHigh Weather Variation -0.089** (0.039)
Ambient* SandardWeather Variation| 0.027 (0.053)
Ambient*HighWeather Variation 0.019 (0.052)
Ambient*Very High Weather Variatior 0.070* (0.040)
Treatment Round 0.006 (0.005)
% 0.0227

*n<0.10% level **p<0.0 5% level *** p<0.01 Standard Errors in parenthesis
41




Policy Implications

+ - With higherweather variationuncertainty,ambient
subsidies becomkesseffective.

Ambient pollution policies requires level ofcooperation.
With higher uncertainty thisooperation breaks down

1 The ability to use real time sensing at a micro level will
help us achieve better policies.

1 Our research suggests that drinking water utilities may
prefer to implement targeted policies based on
observable production inputs.

Better sensors will make this possible.

42



Conclusions

Drinking water utilities can subsidize upstream users to
Improve water quality. There are different ways that they can
do this.

The effectiveness of the subsidies may change based on both
the structure of the subsidies and climate conditions.

As the likelihood of extreme events increases, ambient
subsidies which target downstream damage become less
STFSOUAODBS NBIIFIGADBS G2 AYRAODA

practices.

As we create better sensors we will be able to implement
better targeted policies that focus on individual behavior.

43
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Scott Merrill- UVM

Experimental gaming: Examining the effects of
taxation and incentives on farmer decision
making processes About your farm

social ecological gaming and simulation

Harnessing complexity to solve problems.

| gy < \4-‘“‘" ' -- - : 6 2 AF
N S - P Weather Forecast
S\ ‘ No Action ThiS Week's weather

45 1
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A Store, spread or sell (A manure management
conflict)

A Benefits and buffer strip adoption

A Size matters: Innovation diffusion in a
clustered social network experiment

46



Store, spread or sell

Review Information

Sellto a

Digester
Facility

Weather Forecast
Thus Wiik's Wiatheer

a7




Arkin Wynir; Faculty Sponsor: Scott Merrill, F
Plant and Soil Science Department; University of Vermont

(4
Hypotheses
Using a risk aversion framework:

Uncertainty in weather forecasts will affect
manure management decisions

Uncertainty in manure sell price will affect
manure management decisions

48



Weather Forecast

rliﬂE?'T‘Fr

Manure storage conflict

} Sell manure to a Digester facility or put manure
on your fields under subptimal weather
conditions which could result in nutrient loss
and degradation of water quality

Project authors in no order: Merrill, Wynblchida
Guilfoos, Trandafir, Miao, Kolihaand Zia

49
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1. Can interventions aimed at —
alternative methods of managing
the manure storage conflict result i = semone AR,
reduced broadcast applications of
manure? |

Digester

2. Do individuals behave differently
when risk and uncertainty are
associated with stochastic events
(e.g., weather events)? ABM
parameterization.

50




An examination of the effect of information: Doe NFS' N
awareness of the effects of buffer strips influeng === I
adoption rates? ’

R R Graphics: Dewice 2 (ACTIVE) (=] = ||"E

About your farm

You will be operating a 40-acre corn field

next to a stream.

Pollution from fertilization and production

can negatively affect downstream environments,

alaast s in Lake Champlain.

Next

51



Results and implications:
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Results and implications:

93

Year of Choice

Information Quality |
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Future directions of this project

AMultiplayer functionality & ABM
parameterization

ACollaboration with University of Rhode
Island to run experiments in multiple states

<)



Influence of peer network configurations oNEWE'ﬂét
adopting novel management tactics [y S8

Hypothesis:
The decision to
adopt a novel best
management tactic
will be impacted by
the si ze of oneods peer

N etWO rk http://blog.martinbelan.com/wp-

content/uploads/2012/10/20121008_ Vermont_Bragg_Hill_Road_
1096 _00010.jpg
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