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Text S1. Financial assumptions. Background assumptions for game mechanics are described.

SPRING DECISIONS
1. VEGETABLE CROPS
a. Assume $6,960/acre to plant and grow to harvest composite crop (bell peppers, field
tomatoes, and head lettuce). One payment at the beginning of each round.
b. Assume $11,772/acre gross income, $4,812/acre net income.
i. Fertilizer needs (University of Vermont 2019):
 Lettuce = 70#/acre
 Tomatoes = 100#/acre
 Peppers = 100#/acre
 33/33/33 composite = 89#/acre * $1.90/# = $171.81/acre)
ii. Fertilizer costs (Christensen et al. 2015):
 Lettuce = $62/acre
 Tomatoes = $230/acre
 Peppers = $224/acre
 33/33/33 composite = $172/acre

crop

peppers

cost per acre
to
plant/mainta
in

harvest
unit

price per
unit

# o units
per acre

gross
income per
acre

net per
acre

$ 4,800

1 1/9
bushels

$ 10.00

1,000

$10,000

$ 5,200

field
tomatoes
$ 12,600
$ 10.00
1,500
$15,000
$ 2,400
20# boxes
(trellis)
head
24 head
$ 3,500
$ 9.00
1,150
$ 10,350
$ 6,850
boxes
lettuce
33/33/33
$ 6,960
$ 11,772
$ 4,812
composite*
*assumes 1 acre of vegetable production (or less) - 33% peppers, 33% field tomatoes, 33% head
lettuce

2. COVER CROPS
By planting annual rye cover crops, you can achieve a plant available Nitrogen credit of 30#/acre. By
planting a full acre of cover crop in year 1 and a full acre of vegetables in year 2, your planting cost in
year 2 would be reduced by $58/acre (you’ll only need 59# of N/acre).
a. Assume cost of $102/acre to prepare soil and plant.
b. Assume a rye cover crop. Used same reference as the vegetable crop budget as source for
numbers.
c. No measurable income (for the purpose of this game) as a result of planting.
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FALL DECISIONS
3. DRIP IRRIGATION – either field
Drip irrigation is an efficient approach that delivers water to crops at or below the soil surface. It is
efficient both in terms of water and energy use. By installing and using drop irrigation, farmers mitigate
the negative effects of drought. Research shows that during dry years and wet years, this practice
increases the yield and quality of a crop, and by extension boosts net profit.
a. Assume $782/acre to install in year 1, and $500/year in annual supplies for every year
following (based on figures from a VT farm, includes plastic and irrigation pipe/tape, no
pump. Assumes you can buy used pipe) (Knight and Hodgson 2017).
b. Payment options:
i. Single payment
c. Avoid losses:
i. In years where there is DROUGHT – net income is boosted by $3,793
ii. In years where there is NO DROUGHT – net income is boosted by $400
d. Lifespan of the practice = 15 years for base equipment, annual costs in section 3a.

Figure 1: Drip irrigation on bare ground (photo credit: hortamericas.com)
4. RIPARIAN FOREST BUFFER – riparian field only
Riparian forest buffers are trees and shrubs planted along a river or stream. The positive effects of
riparian forest buffers include decreased erosion from farm fields into waterways, bank stabilization,
and improved groundwater infiltration, among many others. They can also reduce flooding and
protect crops planted in adjacent areas.
a. Assume a tree/shrub buffer $600/acre to install. For the purpose of this game, we assume
the riparian field would require that the buffer be installed on ~ 1/8 acre ($75 total for this
site). To install the buffer, you must remove from production 30 ft. from water’s edge
(we assume this is ~14% of the available land.) In other words, for every round following
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b.
c.

d.
e.

the installation of a buffer, there will be 14% less land to plant, and potential yield and
planting costs should be reduced accordingly.
Single payment option only.
Assumptions: Buffers deliver 0 benefits in the year of installation, 20% of their benefit in
year 2 after installation, 30% in year 3 .... Maximum protection = 60% of crop land will
be preserved in the case of a flood (Zedler 2003).
Assumptions: Each plant is $10/plant, $10/installation, 300 trees and shrubs per acre =
$600/acre.
Lifespan of the practice = 15 years.

Figure 2: Riparian forest buffers adjacent to farm fields in Iowa. Image credit: USDA NRCS
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Slides S1. Introductory slides. This slide deck was shown to study participants prior to beginning the experimental game. The slides explain both
the mechanics of the game, and provide basic information needed for participants to make informed decisions within the experiment.

Welcome to the
Drought and Flood Farming Game
Please adjust your browser zoom so the
entire red box is in view.
Zoom out: Ctrl- or ⌘Zoom in: Ctrl+ or ⌘+
Click to Advance
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Image credit: Rachel Schattman 2018

Welcome to the
Drought and Flood Farming Game
In this game, you will assume the role of a commercial vegetable farmer
in the northeastern United States.
You will be asked to make decisions about planting vegetable and cover
crops, as well as investing in different farming practices.
Your performance in the game will translate into actual earnings at a
rate of $400,000 game dollars to $1 USD.
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The goals of the game are to:
Limit crop losses due to droughts and floods
Earn money from vegetable production
Be a good ecological steward
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Funding provided by the
USDA Northeast Climate
Hub JVA#11242306-108
and USDA NIFA AFRI
#2107-68002-26728

Please Read the Following Research Information Carefully
Title of Research Project: Drought and Flood Adaptation Decisions: Understanding
Farmers' Decision Making Under Different Threat Probability
Scenarios
Principal Investigator:

Rachel E. Schattman

Sponsor:

University of Vermont Extension
and the USDA Northeast Climate Hub

Introduction
You are being invited to take part in this research study because you are a voluntary survey participant
through Amazon Mechanical Turk. This study is being conducted by the University of Vermont. We
encourage you to ask questions and take the opportunity to discuss the study with anybody you think
can help you make this decision. This study is being conducted by Dr. Rachel Schattman and Dr. Scott
Merrill at the University of Vermont.
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Purpose
The purpose of this study is to better understand how farmers incorporate probability of flood and
drought events into low-cost and high-cost management decisions.
Farmers, when making management decisions, are faced with tradeoffs between potential risk
mitigation and financial cost.
A suite of best management practices have been suggested to reduce the risks farmers face related to
these stresses. These include installation of riparian buffers and irrigation systems.
Additionally, farmers often must balance the strengths and weaknesses of different land bases: upland
soils may be less productive but more protected from floods or prone to droughts, while alluvial soils
produce high quality crops but may be prone to flooding.
Our study will test, through an online game format, changes in decision making given increasing
degrees of risk and changing economic costs/rewards associated with adaptation decisions.
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Study Procedures
If you participate in this research, you will play an online game in which you are presented with a
variety of scenarios.
Throughout the game, you will make decisions about whether to plant cash or cover crops, install
riparian buffers, irrigation systems, or drainage tile.
These terms will be defined before you begin the game, so do not worry if they are unfamiliar to you
at this point.
You will also be asked to complete a short survey at the end of the game.
You will play 4 rounds of the game, which we estimate will take approximately 45-50 minutes.
This is a one-time game, and we ask that you try to complete it in a single sitting. You will need to
complete each round in order to progress to the next round and finish the game.
However, if you choose to opt out of the game, you can stop at any time. If you opt out of the game
before it is complete, your results will not be included in the study.
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Benefits and Compensation
As a participant in this research study, there may be direct benefit for you. The decisions you
make during the game will translate into economic outcomes associated with income from
agricultural crop production or losses associated with droughts/floods. In the game, if you
maximize your returns and minimize your losses, your final compensation will be higher. The
average compensation you may be awarded is $6.00. Additionally, information from this study
may benefit other people now or in the future.
Risks
The greatest risk to you if you participate in the study is loss of confidentiality. Our team at the
University of Vermont will strive to protect any personally identifying information you may
share with us. We will not share this information with anyone.
Costs
There will be no costs to you for participation in this research study.
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Confidentiality
All information collected about you during the course of this study will be stored with a
code name or number so that we are able to match you to your answers. Your information
will be stored on a secure, password encrypted server at the University of Vermont for 5years following the completion of this study. The master list with identifiable information
will be kept separate from other data files. Your privacy is important to us.
Voluntary Participation/Withdrawal
Taking part in this study is voluntary. You are free to withdraw at any time. You may choose
not to take part in this study, or if you decide to take part, you can change your mind later
and withdraw from the study. If you withdraw from the study, your answers and any
identifying information will not be kept.
Questions
If you have any questions about this study now or in the future, you may contact me,
Rachel Schattman, at (802)656-1710. If you have questions or concerns about your rights
as a research participant, then you may contact the Director of the Research Protections
Office at (802) 656-5040.
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Participation
Your participation is voluntary, and you may refuse to participate without penalty or discrimination at
any time.
You may be requested to provide your name, social security number, and address. This information will
be disclosed one time to either the University of Vermont’s Procurement Services Department or UVM
Medical Center Accounts Payable Department for purposes of reimbursing you for participation in this
study. If you are not a US Citizen or Permanent Resident Alien you will be required to complete
additional paperwork for payment.
Please download this information sheet for your records before continuing.

https://segs.w3.uvm.edu/FloodSim/info/
(you will be able to access this link during the following login screen)
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The following slides will show you how to play the game
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You have 2 fields on which you grow three vegetable crops
Head lettuce
Peppers
Tomatoes
Floodplain field

Upland field
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Vegetable Crops

Field tomatoes, peppers, and head lettuce

Background
•
•
•
•

3 vegetable crops are planted in equal parts (1/3 of total crop area for each)
Cost per acre to plant/maintain = ~$7,000
Gross income per acre = ~$12,000
Net income per acre = ~5,000

p. 16

Image credit: Rachel Schattman 2018

The upland field is not as productive as the riparian field
due to differences in soil quality

Floodplain field

Upland field
Yield is 25% lower
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This is the game dashboard.
The following tutorial will take you through
the details of the game dashboard.
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To protect yourself from DROUGHTS and FLOODS, you can
install a new practice on your fields
• Drip Irrigation (on upland
or floodplain
)
• Forested Riparian Buffers (Floodplain only
Floodplain field

Upland field
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)

Your first decision of the game will be in the Fall.
Click on the investment boxes
to “purchase” a practice.
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The following slides will explain each of the practices
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Drip irrigation

An efficient approach that delivers water to crops at or below the soil surface

What does drip irrigation do?

1. Mitigates the negative effects of drought
2. Increases crop yield and quality in both
wet and dry years
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Image credit: Joshua Faulkner 2018

Drip irrigation

An efficient approach that delivers water to crops at or below the soil surface

Background
•
•
•

Cost to install = ~$800/acre + $500/year for
upkeep and annual supplies
In years where there is DROUGHT, net income
is boosted by ~$4,000/acre
In years where there is NO DROUGHT, net
income is boosted by $400/acre
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Riparian forest buffer

Trees and shrubs planted along a river or stream

What do riparian forest
buffers do?

1. Decrease erosion from farm fields
into waterways
2. Stabilize river and stream banks
3. Improve groundwater infiltration
4. Reduce flooding and protect crops
planted in adjacent areas
p. 24

Image credit: Chesapeake Bay Program, 2016

Riparian forest buffer

Trees and shrubs planted along a river or stream

Background
•
•
•

Cost to install = $75 on 1/8-acre in the RIPARIAN FIELD only.
Installation requires ~14% of riparian field to be removed from production.
Planting costs will be reduced accordingly.
Protection from buffers increase over time:
• 0 benefits in the year of installation;
• 20% of total benefit will be realized in year 2;
• 30% in year three, and so on;
• Maximum protection = 50% of crop land will be preserved during
FLOOD years.
p. 25

Image credit: Chesapeake Bay Program, 2016

Your bank balance and
investment costs will be adjusted
according to your purchases
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When you’ve made your decision,
advance to the next screen

p. 27

You’ll be shown a summary of your decisions
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Your second decision is in the spring.
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Each spring, you can plant a combination of vegetables
(“cash crops”) and cover crops (rye)

Floodplain field

Upland field
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Cover Crops

Non-cash crops are often planted in rotation with cash crops

What do cover crops do?
1.
2.
3.
4.
5.
6.
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Protect soil from erosion
Develop soil organic matter
Break pest and/or disease cycles
Improve soil water availability
Hold onto nutrients
Support long term soil health

Image credit: USDA NRCS

Cover Crops

Non-cash crops are often planted in rotation with cash crops

Background
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•

Rye cover crop costs ~$100/acre
to prepare soil and plant

•

Your savings in fertilizer costs are
$58/acre when you use a cover
crop the year before

•

When you plant cover crops, you
give up land that could otherwise
produce cash crops

•

Players who use cover crops will
receive an award to recognize
their ecological stewardship
Image credit: USDA NRCS

Slide the arrows or click anywhere in the red boxes
indicated below to choose how much land to plant in
vegetable (green) and cover crops (brown) in each field

Vegetables

Cover crops

Vegetables
p. 33

Cover crops

Click or drag either slider to the right to increase the amount
of vegetables and decrease the amount of cover crops
50% Vegetables

50% Cover crops

50% Vegetables

50% Cover crops

70% Vegetables

30% Cover
crops

70% Vegetables

30% Cover
crops
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Click or drag either slider to the left to increase the amount of
cover crops and decrease the amount of vegetables
50% Vegetables

50% Cover crops

50% Vegetables

50% Cover crops

30% Vegetables

70% Cover crops

30% Vegetables

70% Cover crops
p. 35

Your planting costs will be adjusted according
to the slider positions
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If you plant more than 30% of total land in cover crop, you
will receive an Eco Badge to indicate your success as an
Ecological Steward

p. 37

Crop loss can occur from DROUGHTS or FLOODS (or both)
• If there is a DROUGHT, you will lose between
10-70% of your yield
• If there is a FLOOD, you will lose 75% of your
crop yield (on the Riparian Field only)
Floodplain field

Upland field
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Your dashboard will tell you
The probability of drought and flood
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Other important information includes
How much $ you have in the bank
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Notice the side bar that shows your past decisions:
Whether there was a drought or flood, what practices were
installed, and net income (profit)
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If you forget what something is,
look for an information box.
Hovering over the box for additional information.
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When you’ve made your decision,
advance to the next screen
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Following each spring,
you’ll see a summary of the round.
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If you go bankrupt, the round will end
and you will automatically begin the next round.

Image credit: Marco Verch 2018
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Just a reminder, these are the goals of the game:
Limit crop losses due to droughts and floods
Earn money from vegetable production
Be a good ecological steward
After a short survey, you will be directed to the game.
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Text S3. Pre-game survey, post-game survey, and post-hoc survey. Prior to beginning the game (and
viewing the slides), participants were asked a short series of questions. Following the conclusion of game
play, participants were asked a second series of questions. A separate post-hoc survey was used to assess
the agricultural expertise typical in the Amazon Mechanical Turk population.
Pre-game survey
1. How knowledge are you about riparian buffers as a flood mitigation approach?
(1) Not knowledgeable  (5) Very knowledgeable
2. How knowledge are you about irrigation as a drought mitigation approach?
(1) Not knowledgeable  (5) Very knowledgeable
3. How knowledge are you about cover crops as a soil stewardship practice?
(1) Not knowledgeable  (5) Very knowledgeable
4. What level of risk do you think floods will pose to U.S. farms in the future?
(1) A great deal of risk
(2) Some risk
(3) No risk
(4) Don't Know
5. What level of risk do you think droughts will pose to U.S. farms in the future?
(1) A great deal of risk
(2) Some risk
(3) No risk
(4) Don't Know

Post-game survey
1. Do you currently/have you ever worked in agriculture or an associated industry?
(1) Yes
(2) No
(3) Prefer not to answer
2. How knowledgeable do you consider yourself about agricultural issues?
(1)
(2)
(3)
(4)
(5)

I know a great deal about agricultural issues
I am somewhat knowledgeable about agricultural issues
Neutral
I do not know much about agricultural issues
I know nothing about agricultural issues

3. How knowledgeable do you consider yourself about climate change?
(1) I know a great deal about climate change
(2) I am somewhat knowledgeable about climate change
(3) Neutral
(4) I do not know much about climate change
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(5) I know nothing about climate change
4. What level of risk do you think floods will pose to U.S. farms in the future?
(1) A great deal of risk
(2) Some risk
(3) No risk
(4) Don't know
5. What level of risk do you think droughts will pose to U.S. farms in the future?
(1) A great deal of risk
(2) Some risk
(3) No risk
(4) Don't know
6. Do you consider yourself to be:
(1) Highly tolerant of risk
(2) Somewhat tolerant of risk
(3) Neutral
(4) Somewhat risk adverse
(5) Highly risk adverse
7. Click on your age bracket
(1) Age 18-20
(2) Age 21-25
(3) Age 26-30
(4) Age 31-35
(5) Age 36-40
(6) Age 41-45
(7) Age 46-50
(8) Age 51-55
(9) Age 56-60
(10) Age 61-65
(11) Age 66-70
(12) Age Over 70
8. Gender Identity
(1) Female
(2) Male
(3) Non-binary/Third Gender
(4) Prefer not to say
(5) Prefer to self-describe
9. How knowledge are you about riparian buffers as a flood mitigation approach?
(1) Not knowledgeable  (5) Very knowledgeable
10. How knowledge are you about irrigation as a drought mitigation approach?
(1) Not knowledgeable  (5) Very knowledgeable
11. How knowledge are you about cover crops as a soil stewardship practice?
(1) Not knowledgeable  (5) Very knowledgeable
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12. How motivated were you by the ECO BADGE to plant cover crop?
(1) Not motivated  (5) Very motivated
Post-hoc survey
1. Please indicate which job sectors you have experience working in. Mark all that apply:
[ ] Healthcare
[ ] Information technology
[ ] Retail
[ ] Agriculture
[ ] Education
[ ] Government
2. Do you know anyone with a suspected or confirmed case of COVID-19? Please choose all that apply:
[
[
[
[
[

]
]
]
]
]

Yes, family
Yes, friend(s)
Yes, myself
Yes, other __________________
No, I don't know anyone

3. Would you be interested in participating in simulation games on Amazon Mechanical Turks in the
future?
a. Yes
b. No
c. Don’t know

4. Please enter your US zip code:___________________
If participants indicate they have agriculture industry experience, they will be prompted to answer the
following questions:
5. What was your most recent job title with an agricultural organization or business? [open ended]
6. You indicated that you have agricultural experience. Is this experience in: (Check all that apply)
(1) Rangeland management
(2) Agricultural management
(3) None of the above
If respondent selects A or B above, cue these questions:
7. You indicated that you have agricultural management experience. What is the farm size (in sales per
year) that you have experience with?
(1) Small farms (gross sales less than $350,000)
(2) Midsize farms (gross sales between $350,000-$999,999)
(3) Large farms (gross sales $1,000,000 or more)
(4) Don't know or prefer not to answer
8. How many acres is/was the operation?
(1) 1-99 acres
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(2)
(3)
(4)
(5)
(6)
(7)
(8)

100-259 acres
260-999 acres
1,000-1,999 acres
2,000-4,999 acres
5,000-9,999 acres
10,000 acres or more
Don't know or prefer not to answer

9. What did you grow or produce on this operation? (check all that apply)
(1) Dairy/milk from cows
(2) Alfalfa and other hay
(3) Cattle and calves
(4) Grains, oilseeds, dry beans, and dry peas
(5) Other row crops (e.g. tobacco, cotton and cottonseed)
(6) Nursery, greenhouse, floriculture, sod, cut Christmas trees and other shortrotation woody crops, and other specialty crops
(7) Vegetables, melons, potatoes, and sweet potatoes
(8) Fruit, tree nuts, and berries
(9) Poultry and eggs
(10)
Other livestock and livestock products: horses, ponies, mules, burros,
and donkeys, sheep, goats, wool, mohair, and milk other than cow
(11)
Aquaculture
(12)
Hogs and pigs
(13)
Other ____________________
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