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1. Introduction and Background
1. This experiment measures individuals’ present bias and loss aversion parameters and tests their association with individuals’ contribution to a green fund through voluntary and institutional mechanisms (median tax rate). The group green fund will affect the probability of receiving some positive income in the future which is called risky income, resembling the risk of climate change.
  
2. Participants will be asked to choose their most preferred combination of a sooner payment and a later payment. We use these choices to estimate the present bias, discount factor and utility function parameters. 

3. Subjects will evaluate lotteries involving both gains and losses through a bisection procedure. The bisection procedure determines a loss value that makes a two-outcome lottery with a given gain outcome and the chosen loss value indifferent to zero. This enables the estimation of loss aversion parameters. Subjects will not experience any losses as they will be endowed with the loss amounts. 
4. Subjects will be asked to declare their voluntary contributions or preferred tax rate for the group green fund while various factors like a timeline of events and the amount of risky income they receive in the future change. There are 3 distinct time periods  Decisions about the allocations of an endowment received either at  or  are made at  The risky income whose probability is affected by contributions to the green fund is received at  (terminal date). Participants are asked to state their expectations of the group green fund in each question. 

5. There are 4 treatment arms.
T1: Voluntary contribution to the green fund from income received today 
T2: Voluntary contribution to the green fund from income received in the future 
T3: Income tax contribution to the green fund from income received today 
T4: Income tax contribution to the green fund from income received in future 

6. Finally, participants are asked to fill out a post-experiment questionnaire where we record their demographics.
7. The experiment will be conducted in person with students from a few universities across India.

This document outlines the methods and analysis plan for the experiment.

[bookmark: _heading=h.1fob9te]2. Methods
[bookmark: _heading=h.3znysh7]2.1. Experimental design overview
We are interested in investigating how contribution to a green fund, designed to mitigate the risk of climate change, is related to behavioural parameters such as loss aversion and present bias as predicted by our theoretical model. 
The experiment has 3 tasks. In task 1 we elicit individual time preferences using CTB method. In task 2 we elicit certainty equivalents of 2 lotteries. This enables us to estimate individual loss aversion parameters. In stage 3 we use a strategy method and ask individuals to declare their contribution to the green fund through a voluntary mechanism or institutional mechanism (median income tax).  Subjects will be randomly assigned to one of the 4 treatment arms. We also randomize the order of these tasks such that subjects always face task 1 before task 3. 

2.2. Estimating time preferences using Convex Time Budgets (CTB) method in Task 1 
CTB Protocol: Consider two-time points (“sooner”) and  (“later”). A linear budget set of allocations of monetary rewards to be received at those two times is a line connecting two points and  on a two-dimensional plane. The first point corresponds to an agent receiving a certain amount of reward at time  and nothing at . The second point corresponds to receiving a certain amount  at time  and nothing at  .  Any points on the interior of a budget set represent allocations in which she receives positive rewards on both dates. The slopes of budget lines represent intertemporal tradeoffs between rewards at two-time points (reflecting an implicit interest rate).
In order to identify and estimate parameters of different kinds of time preferences, we need to vary the time points ,  the slopes of the budget lines, and the level of the budget lines. Each budget line can be expressed as a set of these numbers. We follow Andreoni et al. (2015) and implement the CTB protocol by asking subjects to select a reward schedule  from a set of 6 options that are evenly spaced on the budget line. 
Consider quasi-hyperbolic discounting with a constant relative risk aversion (CRRA) utility function of the form:
	
	(1)


where    is the per-period discount factor,  is the present bias,  is the curvature parameter, and  and  are the background consumption parameters. Maximizing (1) subject to an intertemporal budget constraint



where  is the gross interest rate and  is the budget, yields an intertemporal Euler equation 


Andreoni et al. (2015) use different methods for estimating  The first one uses OLS and estimates the parameters in the log-linearized version of Euler equation.

	
	(2)




Under additive error structure, parameters are recovered via a nonlinear combination of the estimated coefficients.  Rewriting (2) we have 

	
	(3)




Thus, 



While equation (2) can be estimated by OLS,  Andreoni et al (2015) use Interval censored Tobit to handle the interval nature of their data. Hence we also use Interval censored Tobit. Table A1 in the appendix shows the budget sets that we will use.

2.3. Estimating loss aversion  in Task 2

Since we have an estimate of the parameter of CRRA utility function, in task 2 we elicit certainty equivalents of two lotteries in order to estimate the loss aversion parameter. We use bisection procedure with 6 steps to find the value of outcome  such thatfor which the subject expresses the following indifference:


Assuming a power function under prospect theory
 
we have


Assuming  , we get 



Table A2 in the appendix describes the two lotteries used in this task. 
[bookmark: _heading=h.tyjcwt]
[bookmark: _heading=h.3dy6vkm]2.2. Sample Identification
We aim for students who are usually more interested in pro-environmental actions as compared to laypeople. 
Sample selection criteria include:
· 18+ years of age 
· Access to the internet
· Comfortable with English 

[bookmark: _heading=h.4d34og8]2.3. Data Collection
We will conduct the experiment across a few universities in India. An invitation will be sent to Ashoka and Jawaharlal Nehru University students to participate in the experiment.  We will reach out to other universities if needed.
[bookmark: _heading=h.3rdcrjn]
3. Empirical Analysis
3.1. Variables 
For each individual, we elicit time and risk preferences. We also ask individuals to declare their contribution to the green fund while varying the timeline of events and risky income. Table 1 describes outcome variables.
	Outcome Variable
	Description

	Outcome Measures
	Outcome Measure Type

	Subject choice from 6 options in 24 questions denoted by t1q1 to t1q24 as described in Table A1. 
	Subjects are asked to choose between sooner and later reward combinations. In each question, there are 6 options
	
Minimum= 1
Maximum= 6
This allows the estimation of time preferences.
	Categorical variable
[1, 2,3,4,5,6]

	
	Subject choice of such that 
	This allows us to estimate loss aversion
	Continuous variable
 [-500,-5]

	
	Subject choice of such that 
	This allows us to estimate loss aversion
	Continuous variable
 [-100,-1]

	Treatment 1 


	Subject’s allocation of their 100 rupees of income received today for the green investment when the terminal date is in 5 weeks and risky income is 200 rupees.
	
This is a self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]


	Treatment 1 


 
	Subject’s allocation of their 100 rupees of income received today for the green investment when the terminal date is in 25 weeks and risky income is 200 rupees.
	
This is a self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]



	Treatment 1 



 
	Subject’s allocation of their 100 rupees of income
received today for the green investment when the terminal date is in 5 weeks and the risky income is 100 rupees.
	
This is a  self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]


	Treatment 1 



 
	Subject’s allocation of their 100 rupees of income
received today for the green investment when the terminal date is in 5 weeks and the risky income is 400 rupees.
	
This is a self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]


	Treatment 2 

 
	Subject’s allocation of their 100 rupees of income
received in 5 weeks for the green investment when the terminal date is in 10 weeks and risky income is 200 rupees.
	
This is a self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]


	Treatment 2 

,
 
	Subject’s allocation of their 100 rupees of income
received in 5 weeks for the green investment when the terminal date is in 30 weeks and risky income is 200 rupees.
	
This is a self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]


	Treatment 2 


 
	Subject’s allocation of their 100 rupees of income
received in 5 weeks for the green investment when the terminal date is in 10 weeks and risky income is 100 rupees.
	
This is a self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]


	Treatment 2 


 
	Subject’s allocation of their 100 rupees of income
received in 5 weeks for the green investment when the terminal date is in 10 weeks and risky income is 400 rupees.
	
This is a self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]


	Treatment 2 


 
	Subject’s allocation of their 100 rupees of income
received in 1 weeks for the green investment when the terminal date is in 10 weeks and risky income is 200 rupees.
	
This is a self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]


	Treatment 2 


 
	Subject’s allocation of their 100 rupees of income
received in 9 weeks for the green investment when the terminal date is in 10 weeks and risky income is 200 rupees.
	
This is a self-reported subject’s contribution to the green fund  
	
Continuous variable [0,100]


	Treatment 3 

 
	Subject’s choice of their most preferred tax rate on 100 rupees of income received today for the green investment when the terminal date is in 5 weeks and risky income is 200 rupees.
	This is a self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]


	Treatment 3 



	Subject’s choice of their most preferred tax rate on 100  rupees of income
received today for the green investment when the terminal date is in 25 weeks and risky income is 200 rupees.
	This is a self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]


	Treatment 3 



	Subject’s choice of their most preferred tax rate on 100 rupees of income
received today for the green investment when the terminal date is in 5 weeks and the risky income is 100 rupees.
	This is a self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]


	Treatment 3 



	Subject’s choice of their most preferred tax rate on 100  rupees of income
received today for the green investment when the terminal date is in 5 weeks and the risky income is 400 rupees.
	This is a self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]


	Treatment 4 

 
	Subject’s choice of their most preferred tax rate on 100  rupees of income
received in 5 weeks for the green investment when the terminal date is in 10 weeks and risky income is 200 rupees.
	This is a  self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]


	Treatment 4 



	Subject’s choice of their most preferred tax rate on 100   rupees of income
received in 5 weeks for the green investment when the terminal date is in 30 weeks and risky income is 200 rupees.
	This is a self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]


	Treatment 4 



	Subject’s choice of their most preferred tax rate on 100   rupees of income
received in 5 weeks for the green investment when the terminal date is in 10 weeks and risky income is 100 rupees.
	This is a self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]


	Treatment 4 



	Subject’s choice of their most preferred tax rate on 100  rupees of income
received in 5 weeks for the green investment when the terminal date is in 10 weeks and risky income is 400 rupees.
	This is a self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]


	Treatment 4 



	Subject’s choice of their most preferred tax rate on 100  rupees of income
received in 1 weeks for the green investment when the terminal date is in 10 weeks and risky income is 200 rupees.
	This is a self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]


	Treatment 4 



	Subject’s choice of their most preferred tax rate on 100  rupees of income
received in 9 weeks for the green investment when the terminal date is in 10 weeks and risky income is 200 rupees.
	This is a self-reported subject’s preferred tax rate for the green fund 
	Continuous variable [0,1]



Table 1: Primary Outcome Measures
* Participants are asked to state their expectations of group green fund in each question of task 3. These are denoted by adding an “e” at the beginning of each outcome variable. For example,  denotes the subject expectation of group green fund where  is collected.

The following variables will be used as covariates in regression analysis.

	Type
	Description
	Measure creation/ Final variable used

	Behavioural parameters
	Present bias 
	

	
	loss aversion
	

	
	Expectation of group green fund
	:/:/:/:

	Covariates: Demographics
	Age of respondent
	No manipulation needed

	
	Gender of respondent
	Nominal variable

	
	Marital Status of respondent
	Nominal variable

	
	Please select your degree of study:
	List entry

	
	Employment Status
	1. Employed full-time
2. Employed part-time
3. Self-employed 
4. Unemployed
5. Student  
6. Others

	
	Which religion do you follow?
	1. Hinduism
2. Islam
3. Christianity
4. Jainism
5. Sikhism
6. Other (please specify): _____

	
	Please select the state you are based in:
	[list of all Indian states and union territories]

	
	Please select your annual household income category:
	1. Less than or equal to 2,50,000
2. 2,50,001 to 5,00,000
3. 5,00,001 to 10,00,000
4. 10,00,001 to 25,00,000
5. 25,00,001 to 50,00,000
6. 50,00,001 to 1,00,00,000
7. More than 1,00,00,001


Table 2: Secondary Outcome Measures

3.2. Model Specifications
We run a few regressions using our primary outcome measures and calculated loss aversion, present bias parameter and our treatment effects with and without our control variables. We will use OLS to estimate the effect of these behavioural parameters.
[bookmark: _heading=h.30j0zll]The dependent variable is the amount of contribution to green investment in T1 and T2. This is denoted by , where refer to individuals and  refer to treatments.  In remaining treatments the dependent variable is the declared tax rates denoted by . We are interested in (i) the determinants of contribution to green funds as predicted by our theoretical model and (ii) the treatment effects. We first check the effect of loss aversion () and present bias parameters () and treatment effects on and . We also run regressions with and  as dependent variables for robustness checks. Hence, we run two separate models.  


   (model 1)
   (model 2)

  In these models  is normally distributed with mean zero and regressors are as follows.

·   is an individual-specific “Loss aversion” parameter determined in Task 2.
·  is an individual-specific magnitude of the present bias parameter determined in Task 1. 
·  is a treatment  dummy variable for in model 1 while T1 is the control.
·  is a treatment  dummy variable for  in model 2 while T3 is the control. 
· The vector  contains a number of subject-specific control variables, mostly of a demographic nature, that we now explain:
· Age gives the self-reported age of subjects.
· Gender is a dummy for gender and takes values 1 for males and 0 for females.
· Marital is a dummy for marital status and takes values 0 for single and 1 otherwise.
· Household income of participants
· Participant’s religion 


Treatment coefficients will determine whether a commitment device (in the form of making contributions from future incomes) affects behaviour. In model 1, a positive and significant coefficient of  means the commitment device can increase contribution to green funds. The coefficient of  has similar interpretations in model 2. However, in model 2 the dependent variable is the tax rate. 

We also normalize to be between 0 and 1 and run a regression with all treatments and T1 as a control treatment. This enables us to compare voluntary and institutional mechanisms. 

Our theoretical model identifies the effects of the size of the endowment and time delays. Our model predicts that  and  are increasing in the size of risky income at the terminal date. We collect observations in each treatment to test this prediction.  Thus, we expect to observe higher values of  as compared to . Similarly, we expect to have higher values of   as compared to . We use t-tests and Wilcoxon Signed-rank tests to compare choices within each treatment.

Furthermore, the theoretical model predicts that the greater is the gap between time t1 and t3 the lower is  and . Hence, within each treatment, we test if the contribution to green funds is lower for higher time gaps. This corresponds to higher values of  as compared to 2 and higher values of as compared to  We use t-tests and Wilcoxon Signed-rank tests to compare choices within each treatment.


Moreover, our model predicts that the smaller is the time gap between time t2 and t3 (higher values of j) the greater is  in T2, and the greater is  in  T4 but has no effect in other treatments. In order to test this, we use t-tests and Wilcoxon Signed-rank tests to compare choices within each treatment as we collect appropriate data through the strategy method. More specifically we test if is on average higher than. Similarly, we compare  with 

Appendix


	
	Choice
	1
	2
	3
	4
	5
	6

	t1q1
	Payment today
	190
	152
	114
	76
	38
	0

	
	Payment in 5 weeks
	0
	40
	80
	120
	160
	200

	t1q2
	Payment today
	180
	144
	108
	72
	36
	0

	
	Payment in 5 weeks
	0
	40
	80
	120
	160
	200

	t1q3
	Payment today
	170
	136
	102
	68
	34
	0

	
	Payment in 5 weeks
	0
	40
	80
	120
	160
	200

	t1q4
	Payment today  
	160
	128
	96
	64
	32
	0

	
	Payment in 5 weeks
	0
	40
	80
	120
	160
	200

	t1q5
	Payment today  
	140
	112
	84
	56
	28
	0

	
	Payment in 5 weeks
	0
	40
	80
	120
	160
	200

	t1q6
	Payment today  
	110
	88
	66
	44
	22
	0

	
	Payment in 5 weeks
	0
	40
	80
	120
	160
	200

	t1q7
	Payment today  
	200
	160
	120
	80
	40
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q8
	Payment today  
	190
	152
	114
	76
	38
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q9
	Payment today  
	170
	144
	108
	72
	36
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q10
	Payment today  
	150
	120
	90
	60
	30
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q11
	Payment today 
	120
	96
	72
	48
	24
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q12
	Payment today  
	90
	72
	54
	36
	18
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q13
	Payment in 5 weeks  
	190
	152
	114
	76
	38
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q14
	Payment in 5 weeks  
	180
	144
	108
	72
	36
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q15
	Payment in 5 weeks  
	170
	136
	102
	68
	34
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q16
	Payment in 5 weeks  
	160
	128
	96
	64
	32
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q17
	Payment in 5 weeks  
	140
	112
	84
	56
	28
	0

	
	Payment in 10 weeks
	0
	40
	80
	120
	160
	200

	t1q18
	Payment in 5 weeks  
	110
	88
	66
	44
	22
	0

	
	Payment in 15 weeks
	0
	40
	80
	120
	160
	200

	t1q19
	Payment in 5 weeks  
	200
	160
	120
	80
	40
	0

	
	Payment in 15 weeks
	0
	40
	80
	120
	160
	200

	t1q20
	Payment in 5 weeks  
	190
	152
	114
	76
	38
	0

	
	Payment in 15 weeks
	0
	40
	80
	120
	160
	200

	t1q21
	Payment in 5 weeks  
	170
	144
	108
	72
	36
	0

	
	Payment in 15 weeks
	0
	40
	80
	120
	160
	200

	t1q22
	Payment in 5 weeks  
	150
	120
	90
	60
	30
	0

	
	Payment in 15 weeks
	0
	40
	80
	120
	160
	200

	t1q23
	Payment in 5 weeks  
	120
	96
	72
	48
	24
	0

	
	Payment in 15 weeks
	0
	40
	80
	120
	160
	200

	t1q24
	Payment in 5 weeks  
	90
	72
	54
	36
	18
	0

	
	Payment in 15 weeks
	0
	40
	80
	120
	160
	200


 	      Table A1: Budget set for time preferences

	questions
	domain
	p
	1-p
	
	

	[bookmark: _heading=h.2et92p0]1
	mixed
	0.5
	0.5
	500
	?

	2
	mixed
	0.5
	0.5
	100
	?


      Table A2: Battery of lotteries



