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Summary

This thesis focuses on the measurement of the social discount rate (SDR) and its

policy implications. The Ramsey Rule provides the starting point for this study. Fol-

lowing an overview of the study in Chapter 1, where its importance and necessity in

micro-economic appraisal and macro-economic management are addressed, Chapter 2

provides a comprehensive literature review about the components of SDR, focusing on

time preference and risk preference. Many previous studies are shown to provide this

study with theoretical supports, methodologies and empirical evidence to interrogate

and develop. The third chapter uses a reverse Ramsey rule to test how natural disas-

ters affect time preference in different countries. It finds that natural disasters have

a significant influence on time preference, especially the numbers of deaths associated

with natural disasters. In addition, heterogeneity among countries is also important

in time preference determination. The fourth chapter initiates a survey in major cities

in China to find out the determinants of time preference among the urban population.

It indicates that individual heterogeneity, such as age, education and other personal

factors, explains differences of time preference in individual level, which is essential for

policy makers to understand the formation and change of time preference in individual

level. Also, a high time preference among citizens in Chinese cities is revealed. The fifth

chapter focuses on risk preference and use a modified method to extract the elasticity

of intertemporal substitution (EIS) existing in different states of the US and looks to

identify its determinants. Different EISs are found in different states, indicating differ-

ent risk preferences among them. Heterogeneity in demographic, economic and other

characteristics are found to explain this variation. The sixth chapter utilise the findings

of the preceding chapters to generate estimates of time-dependent trends in SDR that

incorporate the different effects of time preferences and risk preferences and provides

some policy implications, suggesting that time-inconsistent time and risk preferences

should be adopted for a dynamic social discount rate (DSDR) in a more accurate and

precise project valuation. A SDR with a higher base and a faster decline over time

should be employed. This study adds to the literatures relating to the measurement

of SDR and provides practical advice for policy makers. A more inclusive and com-

prehensive study is looked forward in the future, which should include more countries

in more time periods. This broader inclusion of data will help find more universal

and significant determinants of time and risk preference, providing policy makers more

information on SDR recommendation.
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Chapter 1

Introduction to the thesis

Nowadays, the world is facing many problems in sustainable economic development.

The climate is changing rapidly with no sign of stopping. Environment degradations

are reported at every corner of the world. Transformation from traditional energy to

renewable energy is accelerating. The Novel Coronavirus is sweeping the world. There

are many uncertainties of the world. People are working together to overcome the

challenges and initiate many agreements and projects to boost the sustainable eco-

nomic growth. Accordingly, utilizing an appropriate social discount rate (SDR) in

these projects will be important to guarantee the positive outcomes of these projects.

The research and discussion on SDR will be essential.

The social discount rate has been a major discussion in environmental economic and

macroeconomic research for a long time. It is a very important indicator when under-

taking cost- benefit analysis. So here comes the first question, why is there discounting

behaviours among the society? To find out the answers, we have to focus on the con-

tents and mechanism of social discounting. Social discounting is a central question for

economic researches. Discounting behaviours are observed in every aspect of the social

interaction for time being non-reversing and people being impatient. Costs and bene-

fits for any project should be assessed before initiating it. For those projects that last

long, for examples 100 years, the assessments of their costs and benefits should span

over 100 years, indicating the needs for discounting over time. Accordingly, discounting

behaviours are existing in everywhere of the world. It could be as small as a simple

choice of an individual or as large as the future welfare of the human beings.Because

of its centrality to the economic system, the choice of an appropriate SDR is one of
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the most important problems in policy or project evaluations, with implications for

issues such as global climate change, radioactive waste disposal, loss of biodiversity,

thinning of stratospheric ozone, groundwater pollution, minerals depletion, and many

others (Weitzman 2001).

In the following chapters, we will discuss the social discounting behaviours,social dis-

count rate, time and risk preference, as well as some empirical studies on time and risk

preferences and implications on social policies. The second chapter is about the discus-

sion and reviews on the literatures of social discounting behaviours, SDR and time and

risk preferences. We will use these literature to build a solid theoretical foundation of

the following empirical studies. The third chapters will employ some natural disaster

data to identify the impact from natural disasters on time preference. In the fourth

chapter, we have done a survey to investigate time preference in an individual level to

find out more information of time preference formation. The fifth chapter is to explore

how the risk preference changes over time based on macroeconomic context. In the

sixth chapter, we use the information and conclusions before trying to make a possible

prediction on future SDR and give some policy implications.

The study of SDR is very important because appropriate and accurate SDR is essen-

tial for project evaluations for the future. It will help policy makers make decisions

that caputure the real SDR of the society and optimize the social welfare for current

generation and future generations. Based on researches on literature and empirical

data, this study have many useful conclusions and information.This thesis contribute

to the literature in the following aspects. 1) It uses empirical evidence to show a pos-

sibly time-inconsistent time and risk preference and then a time-inconsistent SDR. 2)

Many determinants of time and risk preferences are identified both in macro and micro

level. 3) It gives a possibility of a faster declining SDR in the future. 4) Based on the

empirical evidence before, it provides a necessity to build up a system for preference

monitoring and SDR dynamics.
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Chapter 2

Discussions and reviews on social

discount rate,time preference and

risk preference

2.1 Introduction to Chapter 2

This chapter aims to review the literature covering the SDR, time preference and risk

preference. We will discuss the differing opinions of experts in this field, and their

competing choices of SDRs. There are 8 parts in this chapter. In the following section,

we will talk about social discounting behaviours including its definition, the necessity

of discounting, the definition of the SDR and other issues of social discounting.Social

discount rate is a reflection of the social discounting behaviours and it is the best

indicator to social discounting behaviours. After, we will examine the different methods

of measuring the SDR. In addition, we will expand upon one of the methods (the

Ramsey rule) from the previous section. In the subsequent two sections, issues of time

and risk preference will be the main focuses; their definitions and determinants will

be discussed. Finally, we will have a comprehensive conclusion of the literature and

demonstrate how it supports the following chapters.

12



2.2 Social discounting

Social discounting is a central question for economic researchers. Discounting be-

haviours are observed in every aspect of social interactions due to time being non-

reversing and people being impatient. Thus, discounting behaviours impact our under-

standing of economic decision making at all scales of study - both the simple choice of

an individual and the large problem of protecting the future welfare of humankind. Be-

fore initiating any project, the costs and benefits should be assessed. For long-lasting

projects, for examples a project lasting 100 years, the assessments of the costs and

benefits should accordingly span over 100 years, indicating the need for discounting

over time. In this section, we will talk about the necessity of discounting, the definition

of SDR and discussions about SDR.

One central question about evaluating the future is to compare the values of goods re-

ceived at different dates. Normally, future goods are considered to be less valuable than

present goods due to people being impatient and because of economic development.This

is because that there is a pure impatience and because that economic development will

decrease the scarcity of consumption in the future and make it less worthy for current

consideration Consequently, people prefer present consumption rather than expected

future consumption. This practice is known as discounting. Discounting is a central

and critical problem for every project that lasts long and needs to be evaluated. Any

new investment opportunity should be evaluated against a certain rate at which the

future benefits of the project are supposed to be discounted. Broome (1992) provided

an example that when we decide whether to build an electricity power station we must

evaluate if the value of all the electricity it produces will exceed the cost of building

it. However, the value of electricity produced in 1900 will hugely differ from the value

of electricity produced in 2000.This is because of the economic and technological de-

velopment, the scarcity of electricity decreases so we have to discount the real value

of one watt hour electricity of electricity in 2000 when we want to assess the future

project in 1900. Alternatively, some economists pay more attention to the discount rate

of wellbeing, which is generally considered to be lower. For example,Ramsey (1928)

claimed that applying a positive pure time preference for future generations was “eth-

ically indefensible”.If positive discount rates are used to discount wellbeing, then the

separability of discount rates across time should be considered because of the different

environment of different generation such that an inconstant SDR might be the most

reasonable choice (Broome 1992). The two major drivers of discounting behaviours are
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pure impatience and economic growth. Pure impatience is easy to understand because

people will always pick consumption now, assuming a fixed quantity, rather than con-

sumption in the future. The other reason is the role of economic development. The

electricity example by Broome is the best example because the same product will be

treated differently now than in the future. The different economic development level

determines the different scarcity of goods in different time, which will also be an im-

portant reason for discounting.

In conclusion, irrespective of whether we use a short-term perspective (intragenera-

tional) or a longer-term perspective (intergenerational), the need for discounting is ob-

vious because economic agents are both selfish and impatient. The selfishness caused

by psychological recognition of shared reward, or public goods in the social discount-

ing consideration, is the reason for discounting, which has been empirically proved by

Osiński (2009) in which subjective rate of social discounting is higher when the reward

is to be shared with an unrelated person. The impatience is the other reason be-

cause the immediate consumption always brings people more utility. Often, to achieve

more benefits in the future requires more sacrifices now, which hampers current utility.

Lastly, economic growth also contributes to the need for discounting for the reasons in

the last paragraph.

2.3 Social discount rate

As the best reflection of social discounting behaviours, SDR is introduced in this section.

2.3.1 SDR definition

Since social discounting behaviours broadly exist in every aspect of our social economic

activities, the measurement of discounting behaviours is a central concern. This will be

achieved through the use of SDR, which is a rate to annually and constantly discount

the value of the future project to a net present value context. For example, a 5% SDR

means that a 100-dollar project in year t will be valued as 95.24 dollars in year t+1.

This means that from the perspective of a person today, 100-dollar project in year t+1

will be only valued as 95.24 dollar at year t.
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Baumol (1968) understood the SDR as the opportunity cost of the postponement of

receipt of any benefits yielded by public investments. Harrison (2010) described the

SDR as the rate used in cost-benefits analysis to improve decision making by system-

atically comparing the social costs and benefits of public projects, with the emphasis

on valuing them (to the extent possible) in monetary terms. Accordingly, the SDR is

an indicator that translates future value into present value for policy makers to com-

pare the benefits and corresponding costs and then make a decision that benefits both

present and future generations. Generally speaking, the SDR is a certain percentage

that can be utilized in project appraisal to depreciate its future value. Consequently,

this percentage is highly important for projects valuation as a high SDR increases the

likelihood policy makers reject a project and a low SDR increases the probability of

project implementation. By observing the recommended SDR of different countries

and regions, for example SDR is recommended to be 3.5% in the UK and the US while

it is recommended to be as high as 10% to 12% in some developing countries(Zhuang

et al. 2007);(Harrison 2010), the SDR is inconsistent between countries or regions.The

historical data of recommended SDR of the US also indicates the inconstancy of SDR

over time . Different governments, countries, states or counties, will generally provide

society with a number that instructs policy makers and individuals to make decisions

about public welfare. Moore and A. Vining (2018) concluded that in a cost-benefit

analysis of a possible public project or regulation, a benchmark rate must be adopted

for analysts to forecast the expected net benefits over some time horizon. To aggregate

net benefits into the net present value of a project, appropriate weighted social discount

factors, i.e., the SDR, must be applied to impacts that occur in different years. The

following table shows the decision process of project A under the SDR system.
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T1: Cost-Benefit Analysis of Project A

This table depicts a project, Project A, which experiences a constant marginal returns

with different time horizon setups. Time horizon is the horizon that the project aims

to serve (i.e., its period of validity).It shows that under the 1% SDR, the benefits of

Project A will exceed costs across if the project is able to serve over 20 years. Moreover,

if the SDR is 5%, Project A will be denied if the project is only able to serve for 20 years.

This demonstrates how the SDR is utilized in a cost-benefit analysis. In conclusion,

the SDR is a percentage that instructs policy makers to translate the future value of

a project into its present value to make a cost-benefit analysis. Also, it reflects how

this society view the future development. A high SDR indicates a high preference of

immediate benefits while a low SDR indicates a preference of sustainable and future

benefits.

2.3.2 Discussion on social discount rate

Economists have different opinions about the choice of the SDR. Most economists sup-

port the argument that when discounting wellbeing across a very long time frame,

then 0 discounting should be adopted. These discussions are all about the pure dis-

count rate, which is to measure the status of the world as being better or worse. This

argument is also supported by Stern (2007). He argued that the only sound ethical

basis for placing less value on the utility of the future generation was the uncertainty

regarding whether the world would exist in that certain generation, which means that

the time preference will equal the probability that the world goes extinct in a certain

generation. This claim is theoretically valid because viewing intergenerational utility

to be heterogeneous is not rational so the only thing we need to consider is the extinc-

tion of human beings. However, we also have to admit that, although utility in the

future should rationally be treated as equal, we cannot deny that people in the current

generation are not willing to invest for the future generations “equal” utility.
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Moreover, SDRs are, in some studies, assumed to be constant overtime. This is chal-

lenged by the argument that the SDRs being used are frequently adjusted from the

private rate1 to reflect trends in various appropriate factors. (Weitzman 1994). Since

social discount rate is a overall reflection of private rate, so this claim can also be

expanded to social discount rate. He also emphasized that assuming the stationarity

of the SDR is not innocuous because the world is evolving at any time point. He

concluded that the SDR should systematically decline relative to the private discount

rate. Newell and Pizer (2003) supported this finding and demonstrated that individ-

uals were intuitively suggested to adopt the declining SDR for assessing future life,

which was a good reflection of how individuals valuation of their own lifetime differ

from their valuation of future generations because people are selfish. However, the use

of a declining discount rate may be consistent with individual preferences but produces

time-inconsistent decisions. The simplest solution to time-inconsistency is to adopt a

lower SDR from the near future to make up the far future in which pure time prefer-

ence are assumed to be zero. Weitzman (1998) developed a theoretical model in which

uncertainty exists with a certain confidence interval and concluded the long-term dis-

count rate should be chosen at its lowest possible rate.

In conclusion, the SDR is an indicator of how people currently value future outcomes,

providing a measurement for rational agents to valuate a certain project in a cost-benefit

analysis. When looking at societal wellbeing, some economists (such as Stern (2007))

have argued that applying a positive pure time preference for the far distant future

is not plausible. They claimed that the only reason for pure time preference for far

distant futures being positive is that there is a chance of global extinction. This differs

from economists who insist that the utility generated for every generation should not be

treated differently. There are also some other economists who claim that discounting

for far future generations makes sense because the effects of different life expectancy

and living environment should not be ignored. Broome (1992) introduced a formula to

explain why the claim that wellbeing for different generations should be equivalent was

wrong because, from his formula, generations with shorter life length were considered

to have the same well-beings than those generations with longer life length, which was

unreasonable. In addition, though the assumption that the pure time preference for

far distant futures is zero is challenged by Stern (2007)] and Broome (1992), an equal

1Private rate:The social discount rate to measure social discounting behaviours from a perspective
of individual, household and etc.
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SDR for the far future should not be accepted by a rational economic agent because life

length is limited, and people are selfish. Under this consideration, a declining discount

rate is broadly accepted by economists, which for simplicity is generally replaced by a

lower SDR in the near future.

The discussion on the SDR can be best reflected in the discussion generated by the Stern

Review, which was a comprehensive survey about the economics of climate change.

Beckerman, Hepburn, et al. (2007) criticized the Stern Review2 (Stern 2007) because it

did not give a good explanation for its relatively low choice of SDR. In addition, they

also pointed out that, although the Review considered uncertainty in the future, it did

not include the possibility that the world followed the policy of “business as usual”.

Because all of the estimations of SDR are based on the Ramsey rule, the choices of

ethical parameters are also a huge discussion, which will be discussed in detail in the

following sections.Nordhaus (2007) criticized the Review and pointed out that it vaguely

assumed the pure time preference rate to be the probability of extinction of human race,

which was not explainable because this low pure time preference rate is a idealism claim

which cannot precisely reflect the true impatience of the real world. However, there are

also economists supporting this claim and address that the assumption of pure time

preference equaling to probability of extinction of human race, in some degree, makes

sense because if we follow the argument by many economists that utility in different

generations should be treated equally, which means that the pure time preference rate

should be zero, one individual will only consider the possibility that she can survive to

enjoy the utility in the future. In another word, at a certain time point t, if traditional

economic theory stands (pure time preference to be zero when considering about far

future), one individual will consider the pure time preference rate at time point t to be

the probability of death for her at time point t because the only way she can still enjoy

the utility in the future is that she survives to that point. At the macro-level, this

probability of death is the probability of human extinction. This assumption is also

consistent with Broome (1992)] who thought that longer life and shorter life should be

treated differently in wellbeing evaluations. I concluded it as the following:

2Stern’s review is attempting to do a cost-benefits analysis under the climate change context. The
social discount rate adopted in Stern’s review uses a 0.1% setting of pure time preference rate because
if climate change is the concern then utility of generations should not be treated differently, the only
reason for a positive pure time preference rate is because of a very low possibility of human extinction
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Stern (2007) claimed that, although we could regard the utility of different generations

as equal, the possibility of extinction for human race (which can be a common informa-

tion) should be considered and it represents the pure time preference, i.e., the discount

rate on utility. From the short-term perspective of an individual or an economy, the

possibility of extinction for the human race is best understood as the possibility of death

for the individual or the economy. This consideration will generate time-inconsistency

in the pure time preference within an economys SDR because at different stages of time,

environment, background, technology, and biological characteristics will vary. This con-

sideration shows how peoples economic behaviours will largely determine an economys

behaviours. Since people have imperfect information and are short-sighted, they do not

account for the future generation, instead only discounting their own utility in their

limited lifespan. Hence, when discounting the future, we cannot ignore the effect of

people in the current generation because their behaviours right now shape the discount

rate in the near future. The future benefits are based on the sacrifice of the current gen-

eration. This is same for each successive generation. Stern (ibid.) paid more attention

to the human race as a whole, but from a more microscopic perspective, policymakers

setting up a SDR for the near future should consider those factors. Nordhaus (2007)

criticized the Review on its irrational choice of a low pure time preference, based on

the extinction probability, and claimed that although the Review informs, it does not

answer fundamental questions of climate change such as how to maximize the utility

both in current and future generations under the market consideration.He claimed that

the Review’s unambiguous conclusions about the need for extreme immediate action

will not survive the substitution of discounting assumptions that are consistent with

today’s market place. Stern (2007) himself wrote an analysis to explain that the lower

choice of pure time preference will give a better justification on SDR estimation. He

said, “for example, applying a 2 percent pure time discounting rate (ρ = 2) gives half

the ethical weight to someone born in 2008 relative to someone born in 1973. Surely,

many would find this difficult to justify”. Most of the debates are concerned about the

choice of different parameters, (often framed in terms of how optimistic or pessimistic

estimates are). Additionally, the applicability of using a low pure time preference for

smaller-scale projects, perhaps targeting only a specific group of agents, is unclear. As

noted by Weitzman (1994), many other factors must be considered and the SDR should
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be frequently adjusted from the private rate to reflect these.

In conclusion, there are various debates about how to adopt a suitable SDR for projects

in the future. The core debate is that should we treat the utility of different genera-

tions to be the same and should we sacrifice the current generation to create a better

life for future generation. Another essential question is the suitability of the human

extinction rate as a proxy for pure time preference when considering global humanity

scale projects, such as climate change mitigation. This study agrees that if the far

future is considered then the extinction (or death) rate can be regarded as the pure

time preference rate but does not agree that it can be used for near-future considera-

tions. We instead advocate for the adoption of a lower SDR from the near future to

compensate for the far future, in which pure time preference are assumed to be close

to zero. For near future consideration, we should follow Weitzman (1998) to choose

SDR at its lowest possible rate. When more determinants are considered, then a faster

declining SDR might be a better choice. This will be discussed in chapter 6.

2.4 Measurement of social discount rate

There are three main methods to estimate the SDR: by observing the consumers interest

rate, by observing the producers interest rate and by intuitive methodology, which is

the famous Ramsey Rule.

G1: SDR measurement

Across bothBroome (1992)and Gollier (2013), the three ways of identifying the dis-

count rate are consistent. They are the consumers interest rate equaling the financial

market interest rate, producers interest rate equaling the rate of return on marginal

productive capitals and the welfare preserving rate as the pure discount rate. Methods

of intuitive estimation for SDR are mostly generated from Ramsey rule. The mea-

surement of the SDR for long-term projects more concerned with human wellbeing,

such as global climate change, radioactive waste disposal, loss of biodiversity, thinning
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of the stratospheric ozone, groundwater pollution, minerals depletion, and many oth-

ers, should be referred to as intuitive methods because long term interests cannot be

observed in real markets because of future uncertainty. Consequently, when talking

about these long-term issues, we have to focus more on the pure discount rate. There

is some very famous research on the value of the estimated SDR. Weitzman (2001) did

a global survey of economists about the discount rate they recommended. His results

indicated that the mean recommendation was a 4 percent discount rate and this rate

was declining with time, reaching 0 in the far distant future.

2.5 Ramsey rule

According to many studies before, the Ramsey Rule is a valid and effective method-

ology to identify the SDR (Gollier 2013; Broome 1992; Stern 2007), understanding its

derivation is essential. In this section, we will discuss the utilization of the Ramsey

Rule in SDR estimation and how economists can use it to endogenize uncertainty.

2.5.1 Ramsey rule introduction

According to Ramsey (1928),interest rate is a endogenously determined factor that can

reflect a theoretically correct indicator for discounting behaviour.It can be written as

follows:

r = δ + γg (2.1)

Where r is the social discount rate. δis the rate of impatience, which is the pure time

preference. γ is the relative aversion to intertemporal inequality (elasticity of marginal

utility with respect to consumption) . g is the yearly growth rate of consumption. Gol-

lier (2013) concluded that the discount rate should be composed of two parts; the time

preference discount rate and the consumption growth rate times the relative aversion

to intergenerational inequality. The discount rate estimated by the Ramsey Rule is the

pure discount rate, which can be regarded as the rate required to preserve welfare. As

discussed, the pure time preference is generally assumed to be zero when the very far

future is targeted because economists claim that welfare in one generation should not

be treated differently from another generation, although this is challenged by Broome

(1992), Stern (2007) and Dasgupta and Heal (1979), who insisted there was a reason

to discount far distant futures with a non-zero pure time preference because there is

a probability of extinction. The choices of different parameters will largely affect the
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estimated value of discount rate r. The pure time preference and the relative aversion

to intertemporal inequality are picked according to the historical performance and dif-

ferent economic environment of every economy while the growth rate is more fluctuate

because of uncertainty around future development. To internalize the uncertainty into

the estimation function, many studies have made major modifications to the Ramsey

Rule.

The choice of these parameters is the main source of debate.Nordhaus (2007), Weitz-

man (2007), Dasgupta (2007) and Beckerman, Hepburn, et al. (2007). challenged Stern

(2007) on the choice of parameters in the Review, which generates a low mean discount

rate of 2.1% for the following century. This low discount rate fails to be consistent with

the market interest rate nowadays. Nordhaus (2007) pointed out that the low choice

of pure time preference to be 0.001 and to be 1 in Stern (2007) would then gener-

ate a 1.4 percent discount rate, which was far lower than the investment return rate.

He also claimed that this low discount rate would cause a higher saving rate than is

empirically observed.However,this claim that is not consistent with Stern (ibid.) seems

to be more and more reasonable in the post-GFC world, for example, the real inter-

est rates of the US are reported to be 2.305% in 2020 and 2.444% in2018 which are

quite close to the 2.1% projection. Since the debate is before the GFC3, the historical-

data-oriented doubt from the economists is also understandable. Moreover,Stern and

Taylor (2007) defended the Review emphasizing that the challenge of climate change

is an intergenerational project, in which the utility of different generations should not

be treated differently. This argument is also supported by Broome (1992) and Gol-

lier (2013). Deny of positive pure time preference in Stern (2007)neglects the effect of

how people view their life and future. Rational people will consider their own utility

far more than they consider that of overall humanity. However, Nordhaus (2007) and

Weitzman (2007) imposed a high pure time preference rate to discount wellbeing in

the near future, which made sense because the near future consideration will be in a

intra-generational context so the discounting utility caused by impatience within the

generation should be considered.It is also debatable because if we discount the utility

for one generation, should we discount the utility for next generation? If the answer

is yes, then how can we say that the utility of different generation should be treated

equally? Accordingly, The consideration to impose a time-inconsistent SDR to be a

balance of these two arguments, which not only includes the consideration of people

in the near future but also distinguishes the far distant future from the near future.

3GFC:Global financial crisis in 2008
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Consequently, the pure time preference choice remains an open discussion.

Stern (2007) chose γ to be 1 in the Review, which was supported by Cowell and Gar-

diner (2000), who suggested a range from 0.5 to 4.0 to be reasonable. In addition,

Pearce (2003) rejected a high γ and implied that the reasonable range of γ is 0.5 to 1.2.

Sterns chosen γ is in this suggested range. However, there are also some economists

who strongly oppose a low γ. Dasgupta (2007) considered γ equaling 1 to be inappro-

priate on the ethical grounds that it was insufficiently egalitarian. Gollier (2006) used

revealed preferences about gambling to suggest that γ should be much higher than

just 1, concluding it should be in the range of 2 to 4. Weitzman (2007) and Nordhaus

(2007) picked 2 and 2.25 respectively, matching the market interest rate better than

Stern (2007). There are also some studies suggesting that a time-inconsistent γ better

empirically capture the real world. Empirical evidence was reported by Ko and Huang

(2012), in which time-inconsistent risk aversion was indicated in a multi-period betting

game, indicating that considering risk aversion to be time-inconsistent and to vary over

time might be a better choice. This is also empirically tested in chapter 6.

The growth rate, which is not an ethical parameter requiring discussion, should be

based on the historical economic performance. The uncertainty about future growth is

one of the reasons for a declining SDR. This is discussed in the next chapter about the

extended Ramsey Rule.

2.5.2 Extended Ramsey Rule for uncertainty

The most concerning problem for estimation or forecasting is how to deal with un-

certainty about the future. If only accounting for one future scenario, the estimated

discount rate will not match the real rate if only a slight change in economic devel-

opment happens. The growth rate is an important component of the Ramsey Rule,

determining the final estimation of the SDR. For example, if economists assume the

world economy grows at its pre-financial crisis rate, the estimated SDR after 2008 will

be much higher than the real value. Assuming the growth rate to be constant over time

without fluctuation is obviously unreasonable. Under this situation, a large number of

methodologies are introduced by economists in literature. Weitzman (1998) explained

why the distant future should be discounted at its lowest possible rate when uncer-

tainty is considered. He introduced a simple model to indicate that uncertainty of

future discount rates provided a strong generic rationale for using certainty-equivalent
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SDRs that declined over time. Based on historical performance and market rates, far

distant future should be discounted at a range between todays best estimation and the

lowest imaginable rate (Weitzman 1998). Gollier (2013) introduced abundant methods

of internalizing uncertainty in the Ramsey Rule. gollier2011underestimation developed

an extended Ramsey Rule to add precautionary effects to the original Ramsey model,

in which future growth is assumed to be allocated in a normal distribution with a cer-

tain mean and variance. Gollier (ibid.) summarized the studies of Bansal and Yaron

(2004) and Hansen and Singleton (1983) and introduced the random walk model into

SDR estimation, in which the growth rate observed in the beginning year would not

provide any information for next year. However, he also pointed out that

“When the growth rate of the economy follows a random walk and when relative aver-

sion is constant, the discount rate should be independent of the maturity of the project

to be evaluated.”———-(Gollier 2013)

Although the random walk captures the uncertainty of future, it ignores the truth

that this project will affect the economy interactively. Projects concerning the wel-

fare of human race, such as mitigation of global warming, will definitely reversely

shape and affect economic development in the future, so it is unreasonable to assume

the economic growth in the future is an independent issue. Under this consideration,

Bansal and Yaron (2004) introduced a modified method, mean-reversion model, which

assumed that the economic growth rate followed an auto-regressive process of order

1. Compared to the random walk model, which magnifies the long-term risk of eco-

nomic development, mean-reversion model makes the term structure downward sloping,

matching the argument that the long-term discount rate should be close to its lowest

possible rate. The future uncertainty will not only include fluctuation and volatility

of economic growth, but also include extreme events, such as black swan events4. A

two-regime Markov process is introduced in the model to consider extreme events in

future growth. In the good regime, the persistence of the shock generates a decreasing

term structure over the time horizon while in the bad regime, the wealth effects dom-

inate the precautionary effects over the time horizon, generating an increasing term

structure.Gollier (2013) indicated that a simple way to generate a decreasing structure

of discount rate in the distant future is to recognize parameters about economic growth

to be uncertain. This consideration, although seemingly insignificant over a short time

horizon, is of huge significance in long run.

4Black swan event: It describes an event that comes as a surprise, has a major effect, and is often
inappropriately rationalized after the fact with the benefit of hindsight. cited from:wikipedia
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T2:Examples of extended Ramsey Rule

Newell and Pizer (2003) estimated and compared the SDR generated by 3 different con-

siderations of uncertainty of the future: constant rate, random walk model estimation

and mean-reverting model estimation. Their results support the mainstream opinion

that the discount rate for distant future should be declining down to its lowest possible

boundary and also indicated that both the random walk model and mean-reverting

model would generate higher future benefits for every unit mitigation on carbon emis-

sions, which indirectly implied that models which internalized uncertainty would bring

higher future benefits and produce a lower discount rate.

In conclusion, the extended Ramsey Rules attempt to internalize uncertainty in the

model. Most of the models focus on the growth rate. When uncertainty is considered,

the structure term from the precautionary effects will modify the discount rate to go

downward to the lowest boundary, rather than stay constant in the far future. This

is consistent with the opinion by Weitzman, Nordhaus and other economists, who

emphasized this in Arrow et al. (2014).

2.6 Declining social discount rate

The declining SDR is supported by many studies. The most famous is Arrow et al.

(ibid.), in which many famous economists recommended a DDR (declining discount

rate) for the government when it comes to a long-time horizon project. The idea of the

DDR is derived from the Ramsey rule in which uncertainty of the future is considered.

The SDR is indicated as the following:
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G2:DDR in Arrow et al. (2014) and Cropper, Freeman, et al. (2014)

The first SDR map is the SDR recommended by the British government, in which a

stepped declining SDR is suggested. The second one is the SDR recommended by the

French government in which only one step decline is suggested. The third graph shows

the SDRs recommended by other famous economists in their studies. According to

Weitzman (1998), the far future should be discounted at its lowest possible rate when

the uncertainty is internalized in growth, because the confidence interval broadens in

the far future. Newell and Pizer (2003) indicated that the far distant future should be

discounted at a significantly lower rate than the current rate. Uncertainty coupled with

persistence illustrates that the appropriate and reasonable future certainty-equivalent

rates will decline over time towards the bound of the lowest possible SDR, consistent

with Weitzman (1998). As illustrated in the sections below, the DDR has acquired

common acknowledgement by economists. This means that with different time horizon,

the effective terms of the SDR will differ because of the different magnitudes of SDR

generated by the DDR. In the next section, we will discuss two important components

in the Ramsey Rule; pure time preference and risk aversion parameter.

2.7 Time preference

As one of the components of the Ramsey Rule, the pure time preference rate is impor-

tant in the determination of the SDR. Different people (or economies) have different

pure time preference. A high pure time preference rate indicates that people possess
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a high impatience, exhibiting lower concern about future development such that their

pure impatience is independent of their current and future economic situation. This

pure time preference rate is the parameter that is usually seen in classic Ramsey-Cass-

Koopman growth model:

U =

∫ ∞
t=0

e−ρtu(C(t))
H

L(t)
d (2.2)

Where ρ is the pure time preference, reflecting the pure time impatience of people. In

this section, we will discuss the choice of time preference in precious studies and also

its determinants.

2.7.1 Time preference discussion

The pure time preference, as a reflection of the discount rate of utility over time, has

attracted wide debate amongst economists, with many economists advocating for the

adoption of different values.

T3:Time preference adopted

Thus, we see that the choice of pure time preference varies. Generally, the debate cen-

ters around whether the pure time preference should be close to 0 to discount wellbeing

or a higher value to reflect the market interest rate.

Given this debate about the choice of time preferences, the discussion of the deter-

minants of time preference is very important. Time preference is the discount rate

to discount utility across time. Traditional economic theory dictates that people will

value utility now more than in the future because people are selfish, impatient and

short-sighted. If utility is generated by consuming goods, then a positive pure time

preference rate will be added to capture the interest rate in market. If the utility con-

cerns the more holistic idea of wellbeing, economists argue that a zero time preference

rate should be adopted because each generations utility should be treated equally. In

addition, some empirical studies also provide solid support for this zero rate. Dolan

and Gudex (1995) initiated an interview and used a Time Trade-Off (TTO) method5

5The time trade-off (TTO) is a choice-based method of eliciting health state utility, which reflects

27



to measure the time preference of interviewees. They concluded from their results that

the rate of time preference is very close to zero, which suggests that the setting of zero

is valid, which means within one generation, time preference discount rate for wellbeing

should stay near the zero-bound,contradicting with Nordhaus (2007), in which 2.25%

is adopted. To conclude the debate, those economists in favor of a higher pure time

preference rate claim that denying the selfish and impatient behaviours of the current

generation will generate bias between the real-world story and projection. The pro-

jected SDR will deviate from the real market rate, causing the projection to lose its

reliability.

For more understanding of this debate, it is important to understand some determinants

of time preference.

2.7.2 Time preference determinants

Economic theory provides some information on the determination of time preference.

The resources S that an individual decides to spend on imagining the future can be

affected exogenously and endogenously. Theoretical analysis on determinants of time

preference refers to Becker and Mulligan (1997). They explained some endogenous

determinants of time preference through a utility model and introduce a concept that

people spend resources (S) to imagine the future, which raise the discount rate, which

is essential for intuition behind that how endogenous determinants, which affect the

resource S, affect time preference theoretically.

The model is expressed as:

V =
T∑
i=0

β(S)ifi(ci) (2.3)

Where i is the period of life. fi is the utility function of consumption c1.In general, the

model tries to maximize the utility of an individual who lives finite periods as T, the

constraint is:
T∑
i=0

Rici + πS = A0 (2.4)

Where Ri is the usual interest rate factors, A0 is the initial wealth endowment and π

the length of remaining life expectancy that a person may be prepared to trade-off in order to avoid
remaining in a sub-perfect health state.
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is the price of S.The imaging functionβ has the following characteristics because of the

marginal effect:

β(S) > 0, β
′
(S) > 0, β

′′
(S) <= 0, forS >= 0 (2.5)

To solve this maximization problem, they take the first order derivative and get the

first order solution as:

β
′
(S)[

T∑
i1

i[β(S)]i−1fi(ci)] = α0 = f0
′
(c0 (2.6)

Where α0is the marginal utility of wealth and is equal to f0
′
(c0), the marginal utility

of consumption now. This informs that “Anything that raises future utilities without

raising the marginal utility of current consumption will tend to lower the equilibrium

discount on the future”(Becker and Mulligan 1997). This indicates that an increase in

future utility cannot be achieved by a sacrifice in current consumption. The balance

between the future consumption and current consumption can be concluded from the

Euler equation. This implies that β
′
(S) and

∑T
i1
i[β(S)]i−1fi(ci) will keep a balance

to maintain the level of f0
′
(c0). In a two period case, if there is no uncertainty, this

function can be written as :

β
′
(S)f1(c1) = f0

′
(c0) (2.7)

In the two periods special case, we assume that there is an uncertainty in the future

which can cause loss d1 in the future stage i=1=T with probability p1. This simplified

model describes a situation where life is only considered to have two stages, now and

the future. For a rational agent, the loss caused by future uncertainty is not deducted

from the future consumption c1 but instead deducted from the resources S invested in

imagining future. This assumption indicates that the loss caused by future uncertainty

will hamper the ability to imagine the future, which is consistent with the assumption

Becker and Mulligan (ibid.)

β
′
(S − p1 ∗ d1)f1(c∗1) = f0

′
(c0) (2.8)

The loss d1 caused by future uncertainty will cause a decrease in S and then an increase

in β
′
(S). For maintaining the level of f0

′
(c0), an decrease in f1(c1) will be seen. The

new future consumption will be f1(c1)∗. We have, f1(c1) > f1(c∗1) and,

c1 > c∗1 (2.9)
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This indicates that if the future uncertainty cause loss to the individual, individuals will

choose to decrease the ability of imagining future by reducing the resources S invested

in imagining the future, causing a reduction in the time discounting factorβ,

β(S − p1 ∗ d1) < β(S) (2.10)

and because,

δ = 1− β (2.11)

which means,

δ∗ > δ (2.12)

δ here is the pure time preference rate. This indicates that future uncertainty causes loss

to individuals such that they will thus have a higher time preference. Accordingly, all

the factors that affect future uncertainty should be considered as potential determinants

of time preference, such as life length, probability of death, disasters, criminals, medical

access, environment and etc.

Becker and Mulligan (1997) also claimed that probability of death affects the pure time

preference in a similar way. There is an example indicated in their study.

“For example, a person with a 10 percent death probability will have two percentage

points higher time preference (net of mortality) than a person with an 8 percent death

probability. In our analysis the difference in time preference exceeds the difference in

mortality: a two percentage point difference in survival rates results in time preference

rates that differ by more than two percentage points. ” ———-(ibid.)

This section theoretically implies that resources spent on one agent to imagine the

future should be the key to time preference determination. Exogenous and endogenous

determinants which determine the quantity of the resources or how these resources

affect the determination (i.e., concavity of the function) jointly shape the time prefer-

ence of the agents. Empirical studies correspond with the theory. Additionally, the long

term preference rate for intergenerational consideration should, as previously noted, be

considered differently, for example as the extinction probability of humankind (Stern

2007). The short term pure time preference within one generation is indicated to be

variant among individuals, according to empirical studies (Callen 2015; Cassar, Healy,

and Von Kessler 2017; Wang, Rieger, and Hens 2016). The long-term pure time prefer-

ence in intergenerational consideration also differs among people according to Frederick
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(2003) and Graham et al. (2017).

2.7.3 Empirical studies on time preference

Becker and Mulligan (1997) claimed that their argument corresponded with Fuchs

(1980), who suggested that differences in time preference in individuals explained the

differences in health-related decisions. They also implied that differences in health con-

ditions will conversely determine the time preference because better health conditions

will decrease the probability of death, consequently raising their future expectations

which will generate a lower time preference rate.

Komlos, Smith, and Bogin (2004) did an empirical research about how obesity will

affect the time preference rate of different individuals and concluded that the more

severe the obesity, the higher time preference rate is. This is consistent with the ideas

discussed so far, because higher obesity means less health. Khwaja, Silverman, and

Sloan (2007) did a survey to explore the relationship between time discounting and

smoking behaviours, but no significant result was revealed in their study, perhaps due

to the over optimism of smokers. Lifestyle choices such as smoking or eating high-

calories foods impact on time preference, but the potential reverse causality should be

discussed. In addition, Read and Read (2004) concluded that if people treat money as

non-fungible, then discounting by older people will be higher, suggesting that an agents

stage of life will also has impact their time preference. In conclusion, both health con-

ditions and stage of life help determine the time preference. These literatures give a

good justification for different SDRs across countries and times.

In conclusion, there are various determinants of time preference, in which, health, life

length, expectation, education and even religion are included. Debates about time

preference are mostly about whether to take discount rates concerning long-term well-

beings or use a rate that better captures the real interest rate in the market. The

literature theoretically and empirically suggest that the pure time preference in regards

to wellbeing (e.g. climate issues) should stay as close as possible to zero if excluding

consideration about probability of death or extinction. Wang, Rieger, and Hens (2016)

conducted a survey across 53 countries asking questions about time preferences. Their

results imply that there is a large variation about time preferences rate across countries.

In addition, people prefer to adopt stronger discounting over a 1 year time horizon than
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over a 10 year time horizon, corresponding again with economists who claim a declining

SDR.

In addition, some unexpected exogenous factors such as natural disasters are also im-

plied by some studies to be related to the formation of pure time preference. (Cassar,

Healy, and Von Kessler 2017; Callen 2015).

2.7.4 Intragenerational and intergenerational time preference

The SDR for long term projects, such as climate change, radioactive waste disposal

and etc., should be different than the SDR for individuals in daily life. Thus, the

time preference should be chosen differently depending on whether the time horizon is

single-generation or intertemporal.

Many empirical studies focus on the time preference rate in one generation, which differs

from the long-term SDR (Callen 2015; Cassar, Healy, and Von Kessler 2017; Wang,

Rieger, and Hens 2016). Because, as Broome (1992)emphasized, it is not reasonable to

regard the utility generated by consumption for one generation as different as the utility

for another generation. But when analysis occurs within one generation, individuals will

dynamically adjust their SDR to match the perception of future consumption. Thus,

in a single generation set up, the pure time preference should differ in individuals based

on their own perception of the future, which is affected by internal (life expectancy,

insurance, etc.) and external (accidents, natural disasters, etc.) determinants. This

is the basis of many time preference determination empirical studies. Compared with

the one generation set up, if time preference is considered in a long term horizon,

pure time preference is indicated by Stern (2007)to be the probability of humanitys

extinction. Arrow et al. (2014) also suggest that government should use a declining

SDR in long term project evaluation through theoretical analysis. The empirical studies

of Frederick (2003) and Graham et al. (2017) both use an intergenerational set up

to discuss the measurement of long-term time preference. They question the trade-

off between reducing deaths today and reducing deaths in a hundred years time to

investigate if people are willing to sacrifice the benefits in their generation to trade for

a better deal for following generations. This approach differs from the measurement of

short-term time preference, considering more about pro-future behaviours. Frederick

(2003) casts doubt on previous claims that people value future generations less than

their own and implies this is a good way to investigate long-term time preference.
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Graham et al. (2017) corresponds with Frederick (2003) on their results, disputing the

assumption that people prefer policies that most benefit their own generation. Instead,

in the survey in the UK, people prefer policies that bring greater benefits in the future.

In this study, health status, responsibility, age, gender and etc., are considered to be

the factors that affect the long-term time preference.

2.8 Risk preference

The Risk aversion parameter is another important component of SDR according to the

Ramsey Rule. It reflects the risk aversion of people and preference against intertem-

poral inequality. We can find it in a classic RCK model:

U =

∫ ∞
t=0

e−ρtu(C(t))
H

L(t)
dt (2.13)

u(C(t)) =
C(t)1−γ

1− γ
(2.14)

It is usually seen in the CRRA utility function. The higher γ is, the more risk averse

people are. A higher risk aversion will bring a more concave utility curve of the economic

agent. An individual with high risk aversion is more likely to smooth consumption.

2.8.1 Risk preference discussion

Firstly, the understanding of risk aversion (a.k.a. risk preference) is essential for un-

derstanding its estimation and determinants. The risk aversion is a key parameter in

classic growth model, which reflects peoples aversion to intertemporal inequality. It

reveals peoples attitude towards an uncertain but higher payment instead of a lower

but guaranteed payment. For a intertemporal setting, the risk aversion is the aversion

to inequality across different time periods.

There are plenty of studies that are designed to estimate risk aversion parameters.

Arrow-Pratt measure of relative risk aversion is the common definition and method

they adopted. The relative risk aversion can be defined as:

RRA = γ =
−cu′′(c)
u′(c)

(2.15)
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The estimation for risk aversion usually refers to Arrow-Pratt method as the following

equation with a consumption utility in logarithmic term (U(c)=log(c)):

U(c) =
c1−γ − 1

1− γ
(2.16)

In addition to traditional Arrow-Pratt estimation, there are also studies employing real

interest rate and consumption data to estimate the reverse of relative risk aversion,

elasticity of intertemporal substitution (EIS), which is the method adopted in Chapter

5. According to previous studies, heterogeneous risk aversions are discovered in different

countries. Gandelman and Hernández-Murillo (2015) employed a world survey data of

wellbeing to estimate risk aversion in country level by following methodologies indicated

in Layard, Mayraz, and Nickell (2008) and Gandelman and Porzecanski (2013) and

implied that different countries have different risk aversions ranging from 0 to 3.02

with an average of 0.97. This calibration of risk aversion parameter is essential for

future studies. Their study provided a key information that risk aversion varies across

individuals, regions and countries and maybe even times, implying the rationality of

inconstant risk aversion which was indicated in Chapter 5. Hanna and Lindamood

(2004) collected data from a survey in students to estimate the risk aversion among the

sample and compared the results with previous results of Barsky et al. (1997) survey

and Hanna and Chen (1998) web survey. They reported a 4.4 mean risk aversion of

the students with mean age of 23, which is higher than the Barsky survey and lower

than the web survey. They also indicated that there is consistency of the estimated risk

aversion with the estimates by financial decision estimates. Bliss and Panigirtzoglou

(2004) also estimated the risk aversion through SP500 contract data and concluded

a average of 5.5% value of it. They also concluded the estimates of risk aversion in

previous studies for comparisons.

T4:Risk preference adopted (Source:(ibid.))
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According to the summaries, the estimates of risk aversion varies in a large magnitude.

Different data sets and methodologies bring different values of estimates. Moreover,

the calibration of utility, which is a ambiguous indicator, could be difficult. Most

of the utility indicator is from self-reported survey, which is one of the reason that

causes the huge heterogeneity among different studies. To better understand the risk

aversion heterogeneity, the understanding of determinants of risk aversion would be

important. As for the time consistency of risk aversion, there are also controversial

conclusions. Those studies in micro level, such asHarrison* et al. (2005), are focusing on

experimental results in an individual level, indicating the stability of time consistency

of risk aversion in a small time horizon. However, is the story in macro level the same

as in the micro level? The answer seems to be negative. Risk aversion might change

over time, which is proved in chapter 5. Moreover, many studies that used the same

method but with different time data sets generated different results, indicating the

time-inconsistency. The other question is What the time-inconsistency is caused by, so

identification of the determinants is essential to understand the time-inconsistency.

2.8.2 Risk preference determinants

There are also many studies that assess the influential factors of risk aversion. Hanna

and Lindamood (2004) implied a positive correlation with gender, indicating that fe-

males were more risk averse than male. This is supported by many other studies(Riley

Jr and Chow 1992). Halek and Eisenhauer (2001) used a life insurance data set to es-

timate the risk aversion of 2400 households in the US. They analyzed the demographic

characteristics of the households and concluded the correlation and causation between

risk aversion and their demographic characteristics. Gender, age, employment status,

religious belief, etc., were all reported to be significant factors of risk aversion but

the causal relationship was indicated to be cautious. The heterogeneous risk aversions

caused by demographic differences reveal a possible conclusion that if there is constant

change in the demographic features of a country, its risk aversion should also fluctuate

over time (This is tested in Chapter 5). Besides demographic features, Riley Jr and

Chow (1992) examined asset allocation decisions to estimate the risk aversion param-

eter and found risk aversion to decline with education, wealth, and age, until age 65,

at which time risk aversion increases, indicating a quadratic relationship. They also

found risk aversion to be higher among female and nonwhites than among males and

whites, respectively. This is consistent with Hanna and Lindamood (2004). This also

provides solid support for a time-variant risk aversion if these features are changing

over time. There are also other studies assessing the influential factors of risk aversion,
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which will be discussed in detail in Chapter 5.

2.9 conclusion of literature

This chapter discussed the SDR and its definition, estimation and determination. The

SDR is an essential part of the economic system. There are three methods to identify

the SDR, one of which is the Ramsey Rule and its extended version. This is essential

in the empirical estimation of the SDR. Then we disassemble the SDR by Ramsey Rule

and discuss the key components of the SDR.The literature reveals the important pos-

sibility that, because of the time-inconsistency of time and risk preference caused by

changing underlying determinants, the SDR could also be time-inconsistent, implying

that a time-evolutionary SDR might produce a more precise and accurate SDR for

policy guidance.

In the following chapter, this research will analyse some influential factors of time

preference and risk preference using both database and survey data. All these following

analyses are dedicated to revealing a possible solution for a more precise and accurate

SDR.
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Chapter 3

A potential determinant of time

preference—Natural disasters

3.1 Abstract of this chapter

This chapter uses empirical data from 45 countries over 10 years to examine how

natural disasters shape the time preference of different countries. The results indicate

that the occurrence and the scale of the natural disasters lower the time preference

of people. The actual loss, such as human deaths, increases the time preference. In

addition, the frequency of natural disaster-related deaths raises pure time preference

while intensity does not. Financial damage does not significantly affect pure time

preference. Heterogeneity among the countries is significant, which should not be

ignored when inspecting the pure time preference of a country. The pure time preference

elicited by the methodology in this study is more appropriate as the proxy of real pure

time preference because precautionary and wealth effects are removed by the extended

Ramsey Rule.

3.2 Introduction to chapter 3

In the last chapter, we discussed the definition, debate, discussion, measurement and

parameter calibration of the SDR. In this chapter, an empirical attempt to identify

time preference determinants will be carried out. This chapter tries to dissemble the

SDR and identify the factors affecting it. As we have discussed before, the SDR is
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regarded as a critical variable in a large number of economic problems, especially for

macroeconomics and environmental economics which require cost-benefit analysis, in

which the future utility for individuals or society is discounted to reflect the impatience

of current people for consumption of goods and services. Policies such as global climate

change mitigation or radioactive materials disposal have very high costs in the short-

term but will generate benefits in the future, so a precisely estimated and acceptable

SDR is a key parameter to help policy makers make decisions and achieve social eco-

nomic efficiency. The large volume of literature cited in chapter 2 indicates that the

Ramsey rule is an acceptable methodology for estimating the SDR. Additionally, some

other literature introduces some modifications to the basic Ramsey Rule in order to

endogenize the uncertainty in the future, such as those in T2 in chapter 2.

This chapter focuses on investigating how future uncertainty, especially regarding nat-

ural hazards, may affect time preference, the first term in the standard Ramsey Rule.

A literature review is done first to reflect on how natural disasters affect peoples eco-

nomic behaviour and affect the aggregate time preference of the society and therefore

the SDR. We then employ data from the EMDAT database to empirically test if nat-

ural disasters reshape the time preference of people in different countries.

Previous studies on the relationship between natural disasters and risk and time pref-

erence are generally conducted by survey or field study in a small scale area whereas

this paper will focus on country level data to test how natural disasters impact people

in different countries in terms of time preference.

3.3 Literature review

In this section, we will review previous studies of the SDR, time preference, time

preference identification and natural disaster influence.

3.3.1 Determinants of social discount rate

Before investigating the determinants of SDR, the realization of how to estimate it will

be essential. Three specific methods have been introduced in G1 in Chapter 2,in which

the most frequently used method to numerically calculate the SDR is the Ramsey rule

(Ramsey 1928). In the Ramsey rule, there are three determinants of the SDR - pure
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time preference, relative risk aversion and the growth rate. Frederick, Loewenstein, and

O’donoghue (2002) reviewed a wide variety of related literature and found a range of

ways to determine the pure time preference, risk aversion and growth rate. Andersen

et al. (2008) introduced a methodology to estimate risk time preference by designing

a lottery game, the so-called multiple price list (MPL) game1, requiring participants

to choose from different lotteries which had different payoffs and risk, such that the

risk aversion could be calculated by adopting the CRRA utility function2. They also

introduced a method to estimate pure time preference by designing a now-or-later

game, which asked the participants to choose between two options, one of which was to

consume a given amount of money now and the other was to consume a given amount

of money, plus interest, in the future. The pure impatience rate can then be estimated

by calculating the endogenous discount rate of participants. Cassar, Healy, and Von

Kessler (2017) and Callen (2015) used similar methodologies in their field studies to

estimate the risk aversion and impatience rates of a certain group of people. The most

commonly used growth rates are the annual consumption growth rates or the annual

GDP per capita growth rate. After identifying these parameters, an estimated SDR

can be generated for policy makers. However, the uncertainty of economic growth is not

included in the Ramsey model. For a better estimation of this component a modified

Ramsey Rule has been introduced. Gollier (2013) considered a number of methods

to endogenize the uncertainty, including introducing the normal distribution to the

growth rate, using the random walk with mean-reversion and even introducing the

Markov process to growth.Newell and Pizer (2003) also concluded that simple random

walks and mean reversion random walks are useful in predicting a more precise SDR.

3.3.2 Determinants of time preference

Because this review focuses on how natural disasters affect time preference, we just

consider pure time preference, also called the impatience rate. Stern (2007) claimed

in the review that the pure time preference over the long term was the probability of

extinction for human beings, consistent with Becker and Mulligan (1997), who spec-

ified endogenous determinants of pure time preference. They concluded that wealth,

education, life expectancy, death probability and health conditions will all affect pure

1Multiple Price List is a relatively simple method to elicit the real values from a subject. In terms
of eliciting a WTP (willingness to pay) for some commodity, it provides the subject with an array of
ordered prices in a specific table, one per row, and asks the subject to answer yes or no for each one
and the threshold point would be the point we are looking for.

2CRRA utility function:u(ct) =
c1−θt
1−θ . This is the so called iso-elastic function for utility used in

classic growth model
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time preference among people, suggesting that natural disasters both directly and indi-

rectly affect these determinants and hence affect pure time preference. Broome (1992)

also indicated that treating lives with different life expectancy as equivalent is not con-

vincing when calculating utility. This finding is also consistent with Komlos, Smith,

and Bogin (2004) who used empirical data to claim that health conditions, especially

obesity, affect the pure time preference rate among the US population.

Economists frequently use games to estimate peoples time preference. The most used

method is to make participants choose between consuming now and consuming more

in the future. Cassar, Healy, and Von Kessler (2017), Callen (2015), Andersen et al.

(2008) and Wang, Rieger, and Hens (2016) all use this kind of game and found it to be

effective.

3.3.3 Natural disasters and risk and time preferences

Natural disasters cost at least 113 billion dollars worldwide every year (Gallagher and

Hartley 2017). They reviewed data and revealed that Hurricane Katrina, which caused

huge damage to the United States, led to a large and immediate increase in house-

hold debt . This finding of increased short-term debt and decreased credit ratings for

individuals was repeated across major disasters. Other literature focused on how nat-

ural disasters affect economic growth. Barone and Mocetti (2014) inspected two major

earthquakes in Italy and concluded that they generated large and opposite long-term

effects on GDP per capita. They also found that institutional reactions after the disas-

ters was crucial in determining the post-disaster growth path. Felbermayr and Gröschl

(2014) used a new database based on primary geographical and meteorological sources

to examine the effects from natural disasters on economic growth. They concluded

that natural disasters indeed lowered GDP per capita temporarily but then generated

a higher economic growth rate. However, they claimed that it was not persuasive that

disasters themselves boost economic growth, instead favoring the classical economic

argument that the lower capital level caused by the disaster would lead to quick con-

vergence to their steady path. They also indicated that better institutional quality,

higher openness to trade and higher financial openness help spur the economic recon-

struction process, which implied that it is necessary that we should define the effects

of natural disasters with respect to the country-specific characteristics. There are also

studies indicating that natural disasters do not have a significant effect on economic
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growth, except those major natural disasters which cause institutional change (Cavallo

and Noy 2009).

Many papers have discussed how pure time preference is affected by life expectancy,

probability of death and similar. The literature indicates that the natural disasters,

which cause damage and fatalities, will also affect time preference. Barro (2015) re-

ported that the optimal environmental investment increases with risk aversion, along

with the probability and typical size of environmental disasters. Yang (2008)) tracked

hurricanes and international financial flows and found that exposure to hurricanes in

developing countries led to an increase in financial flows, though the extent of this var-

ied depending on wealth. This result implies heterogeneity of behaviours in different

groups after experiencing natural disasters.Finlay (2009) implied that the fertility rate

positively responded to natural disasters, suggesting that people regard children as an

insurance against future natural catastrophes. In addition, there are many psychology

case studies suggesting that natural disasters increase the prevalence of depression and

post-traumatic stress symptoms in people experiencing these events. Nolen-Hoeksema

and Morrow (1991) reported depression and post-traumatic symptoms in people who

suffered from the Loma-Prieta Earthquake and indicated that earthquakes would in-

crease the severity of symptoms in those already experiencing depression. Castillo,

Carter, et al. (2011) also pointed out that natural catastrophes would alter peoples

behaviours. They conducted a survey among people who were affected by Hurricane

Mitch in Honduras and found that intermediate natural shocks would increase social

cooperation while extreme natural shocks would undercut it. The findings in Cassar,

Healy, and Von Kessler (2017) were also partly consistent with this - trust among

people increased after the floods in Thailand. Besides cooperation and trust, natural

disasters also alter other behaviours among people, such as impatience and risk pref-

erence.Eckel, El-Gamal, and Wilson (2009) reported a study undertaken with people

who experienced Hurricane Katrina using gamble games. Their results implied that

people who experienced the hurricane were shown to be more risk loving. The second

finding was consistent with the hypothesis that if natural disasters increased depres-

sion prevalence, it would then affect time and risk preference. This was supported

by Li et al. (2011), who found that people in China were shown to have a higher

risk preference after a major snow disaster, which was inconsistent with the research

before that natural disasters would only increase risk aversion. However, Reynaud

and Aubert (2014) claimed that households in villages affected by a flood in recent

years in Vietnam exhibited more risk aversion in the loss domain. Nevertheless, all

these studies suggest that time preference will be affected by natural disasters. To
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investigate the correlation between time preference and natural disasters, researchers

have undertaken area-specific case studies by conducting surveys, which include the

so-called now-or-future game, asking people to choose between consuming now or con-

suming more in the future, to estimate the pure impatience rate. Mohamed A Bchir,

Willinger, et al. (2013) carried out a field study in Peru and concluded that people

who have lived for a long time in areas with high natural hazard threat exhibit higher

levels of adaptation to their environment. Their results also indicated that the poor

became more risk-seeking and more impatient after exposure to natural disasters whilst

the rich seem unaffected. Cassar, Healy, and Von Kessler (2017) reported the same

result in a case study in Thailand. They used GIS3data to identify the impact of the

2004 tsunami and conducted a survey in rural Thailand. Their results indicated that

natural disasters shape individual preferences; a long-lasting increase in risk aversion,

pro-social behaviours and impatience was observed among people who suffered from

the disaster. In addition, the findings ofCallen (2015) were consistent with previous

studies. He developed a framework to characterize the various channels through which

disasters affect patience would be affected by disasters and supported it with empirical

evidence to suggest that it was the change in time preference that led to the change in

measured impatience. However, his result implied that exposure to the Indian Ocean

Earthquake tsunami increased the patience of Sri Lankan wage workers, contradicting

previous studies. Whether this inconsistency is caused by sample bias still requires

discussion. There are also studies suggesting that the exposure to natural disasters will

affect risk and time preference and there should be a significant correlation between the

change of time preference and risk preference. (Willinger, Mohamed Ali Bchir, Heitz,

et al. 2013). They did research in central Java where there was a high risk exposure

to volcanic eruptions and concluded that most respondents exhibited a change in their

risk preference and/or time preference after having been exposed to a higher level of

threat. They identified a significant negative correlation between risk-tolerance and

impatience, suggesting that individuals who are more risk-tolerant are less impatient.

Moreover, their results implied that individuals who became less (more) risk-tolerant

also became more (less) impatient. Overall, the literature provides strong evidence

that natural disasters do affect human economic preference.

3GIS:A geographic information system (GIS) is a system that creates, manages, analyzes, and maps
all types of data.It is a conceptualized framework that provides the ability to capture and analyze
spatial and geographic data.
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3.3.4 How to identify time preference?

According to the literature, natural disasters are observed to be related with time

preference and risk tolerance, but comparatively time preference is harder to measure

at the country level. In Wang, Rieger, and Hens (2016), a cross-country survey was

created to identify the level of time preference by asking “wait-or-not” and “matching

questions”. The data gathered could be used to calculate the SDR in that country

in the specific year the survey was done. This study uses the same 45 countries they

used with the intention that their results will support this study in the context of the

estimated pure time preference. However, the survey was conducted at a specific time

point and therefore cannot reflect the time-varied time preference. Similar problems

were observed in the micro-perspective studies. Callen (2015) similarly used data from a

nationwide survey which included some time preference variables that could be used to

calculate the time discounting factor. The problem was that they could only identify

the time discounting factor before and after the tsunami. To use survey data, we

would require a long-lasting and huge scale survey, which is difficult to achieve. Besides

primary survey data, according to the financial market interest rates and interest rate of

marginal productive capital also reflect the level of SDR, which is partly determined by

time preference rate (Broome 1992; Gollier 2013). In Gollier (2011a), the precautionary

effects and wealth effects, two important components of the determination of SDR in

the extended Ramsey Rule, are identified. SDR Thus, by estimating the SDR and then

deducting the wealth effects and precautionary effects, we can approximate the time

preference rate.

3.4 Methodologies and data

To understand how the occurrence of natural disasters affects the time preference of

people in different countries, there are two key questions. The first question is how

to identify the time preference given that large scale surveys are not possible. The

second question is what natural disaster independent variables are best at identifying

the impact from natural disasters.
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3.4.1 Identification of time preference effect

According to literature review and because of the impossibility of a large-scale survey,

the identification of time preference across countries and through time will be achieved

by extended Ramsey Rule. In this chapter, we adopt the Ramsey Rule from Gollier

(2011b), in which he used estimated both the wealth effect and precautionary effect

of different countries. This extended format of the Ramsey Rule gives a more precise

estimation of the SDR because of the endogenous uncertainty of the future.

In the extended Ramsey Rule, the future utility of consumption is assumed to be

uncertain because of uncertainty in economic development. Which is:

V = U(c0) + e−δtExpU(ct) (3.1)

gct ∼ N(g, σ2)

V is the aggregate utility about future and now. U is the utility function. The future

economic growth/performance follows a normal distribution N with mean g and vari-

ance σ, which is determined by its historical economic performance. This gct is the

growth rates of consumption ct, which will better capture the real economic perfor-

mance of a certain economy and also include the effect of uncertain future.

In the extended Ramsey Rule introduced below, the pure time preference, which is the

dependent variable of this study, is assumed to be 0, which means the wealth effect and

precautionary effect are identified in this estimation, but the time preference effect is

not included. Thus, if the real SDR is known, the difference between the real SDR and

the sum of the precautionary effect and wealth effect is the proxy of time preference.

The extended Ramsey Rule is as follows:

r = δ + γg − 0.5γ(γ + 1)σ2 (3.2)

This is the extended Ramsey Rule introduced by Gollier (2011a), which endogenizes

the uncertainty about the future compared with the conventional Ramsey Rule as

r = δ + γg. δ is the pure time preference, which in Gollier (ibid.) assumed to be

0. γ is the relative aversion to intertemporal inequality, assumed to be 2 according

to Gollier (ibid.) and Gollier’s own introspection. The wealth effect brings people to

regard the future utility of one unit of consumption as lower than now, which increases
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the SDR. The precautionary effect implies that greater uncertainty about the future

makes people tend to save more in preparation for potentially worse outcomes, which

decreases the SDR. They are two key components of the SDR according to the classical

growth model.Though Gollier (2011a) assumed the pure time preference δ to be 0 in

the study, we use the method below to identify the difference as proxy of pure time

preference to capture the impatience from a more short-term SDR context.

δ = r − γg + 0.5γ(γ + 1)σ2 (3.3)

Pure time preference effect= proxy of real social discount rate-(wealth effect+precautionary

effect)

δ is the pure time preference included in this study, which will be used as the dependent

variable. r is the real interest rate gathered from the World Bank database from 2007-

2016 (10 years) of 45 countries (chosen from Wang, Rieger, and Hens (2016)), includ-

ing developed countries, emerging developing countries and poor developing countries.

Where there is missing real interest rate, supplementary data from the OECD database

is used. For a given year, we use the short term interest rate minus the annual inflation

rate to generate the real interest rate as supplement of the missing data. γ is a constant

2 following Gollier (2011a). g is the average GDP growth rate in the last 5 years for

each country σ2 is the variance of the GDP per capita growth in the last 5 years. GDP

per capita, extracted from the World Bank database, is a good proxy for consumption

per capita. In this way, once the real SDR (the real interest rate as proxy) is identified,

the pure time preference effect can be identified. The effects differ from countries. The

four graphs in G1 demonstrate the different wealth effects and precautionary effects

in four representative countries: Angola as a stable developing country, China as an

emerging developing country, Denmark as a stable developed country and USA as an

emerging developed country.
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G1:Pure time Effects in different countries

The definition of the categories is as follows: “stable developing” refers to poor coun-

tries with no constant high speed economic growth, such as most African countries and

some countries in Asia and South America. “Emerging developing” refers to countries

with constantly high economic growth, where people are optimistic about the future.

“Stable developed” countries are mostly the small European countries, such as Den-

mark, Sweden, Norway etc. These countries are characterized by high living standards,

stable but slow economic growth and high social welfare. “Emerging developed” refers

to developed countries which still experience constant economic growth and mostly re-

fer to larger developed countries, such as the USA, Germany, the UK, etc. The trends

across these four groups are different. In emerging developing countries, using China as

example, the wealth effect dominates, with the precautionary effect only producing a

small drag. Stable developing countries generally experience high volatility in the real

interest rate, meaning that the combined effect of wealth and precautionary effects also

vary dramatically. This implies that in developed countries, the pure time preference

is significant in determining the SDR whereas the pure time preference in develop-

ing countries is dominated by wealth and precautionary effects. Finally, for countries

dominated by the wealth effect, the pure time preference may actually be negative,

indicating peoples optimism is so strong that they may even prefer consumption in

the future, thus reducing the SDR.SDR The estimation of pure time preference in this

way might not calculate the true value but this estimation should be highly positively

correlated with the real number of pure time preference. This is supported by the

results of survey of Wang, Rieger, and Hens (2016), indicating its practical feasibility

and providing evidence for the validity of this estimation method.
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3.4.2 Identification of natural disaster variables

Having prepared for the estimation of the pure time preference, we must now consider

the natural disaster variables. We refer to three micro-perspective studies to help

identify the best indicators

T1: Independent Variables in previous studies

In previous studies, most of which are conducted at the micro level within a certain

region, such as village, city or country, the most important independent variable is the

damage, referring to the financial damages caused by natural disasters. Damages in

these studies are observed to be positively correlated with time preference variables.

In addition, in Cassar, Healy, and Von Kessler (2017), the number of injured and dead

in a family was also observed to be positively correlated with the time preference vari-

ables. Moreover, apart from the damage caused by the tsunami hits, the number of

Tsunami hit was also considered in Cassar, Healy, and Von Kessler (ibid.)as one of the

potential independent variable. Overall, these studies indicate that natural disaster

variables were proved to have significant correlation with time preference.

According to the EMDAT database, there are 4 major indicators of natural disasters,

which are:

Occurrence of natural disasters(OCC, Unit:1 person)

Death caused by natural disasters(Death, unit: 1 person)

Total affected people by natural disasters (TA, unit:1 person)

Financial damages caused by natural disasters(Damage, unit:1000$ in current value).

These independent variables correspond with the previous studies and are informative

when talking about the effects from natural disasters. The data is described in the

graph: The data is described in the graph:
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G2: Data description of Occ, Death, TA and Damage.

In this way, the four independent variables from the EMBAT database are picked

to comprehensively identify the effects from natural disasters. Previous studies also

indicate that previous experience of natural disasters will significantly change peoples

preference, so we use the memory of the occurrence (Unit:1 occurrence), deaths (Unit:

1 death), total affected people (Unit: 1 person) and financial damages(Unit: 1000 US

Dollar) in a 10 year time horizon, to capture the memories of recent natural disasters

that also shape peoples time preference. To include memory effect, we refer to Squire

(1989) in which a long-term memory curve was indicated in the graph:

G3: Long-term memory curve (ibid.)

We captured the points in the graph and estimated the forgetting curve to be as the
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following as suggested by Squire (1989).

RCM(T ) =
74.329 ∗ e(0.023∗T )

100
(T >= 1) (3.4)

RCM(T) is the forgetting function. RCM is the rate of correct memory. T is the

year between the occurrence of the event and the year now.We can then generate the

memory of natural disasters per the following equation:

ND10it =

T=9∑
T=1

RCM(T ) ∗NDit−T +NDit (3.5)

ND10it is the natural disaster memory indicator, it includes OCC10 TA10, Death10

and Damage10. T is the year between the year and the year t.OCC10it is the fre-

quency of natural disaster occurrence in 10 years time horizon at country i and time t.

DEATH10it is the death caused by natural disaster in 10 years time horizon at country

i and time t.TA10it is the amount of people that are affected by natural disasters in 10

years time horizon at country i and time t.DAMAGE10it is the total financial damage

caused in 10 years time horizon at country i and time t.

Also ,to test how the different characteristics of natural disasters, some other natural

disaster indicators are generated. First is the frequency which includes the frequency of

death and frequency of financial damage, Fredeath10 and Fredamage10. Fredeath10

is the memory of how frequent the deaths happen. Fredamage10 is the memory of

how frequent the financial damages happen. They are defiend by:

Fredeath10 =
Death10

Occ10

Fredamage10 =
Damage10

Occ10

Secondly, we generate variables for intensity, which includes the intensity of death

and intensity of financial damages, Intdeath10 and Intdamage10. Intdeath10 is the

memory of how intense the deaths are and Intdamage10 is the memory of how intense

the financial damages are. They are defined by:

Intdeath10 =
Death10

TA10

Intdamage10 =
Damage10

TA10
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3.5 Model

The models are introduced in this section.

3.5.1 General Model

According to previous studies, the heterogeneity across countries is significant in the

determination of time preference. Gender, age, income, optimism and etc. are consid-

ered in these samples to include their effects. But because this study is a cross country

study, gender can be excluded from the independent variables, as we assume the ratio

of female to male to be 1:1. Consequently, heterogeneity in the other variables can be

fixed through the fixed-effect model or by adding some controlled dummy variables in

the random effect models. The specification can be written as below: Random effect

model:

PTPit = β0 +β1ND10it(ND10it ⊂ ND10
′
it)+β2ControlE

′
it+β3ControlC

′
it+β4D1it+

β5D2it + ε

Fixed effect model:

PTPit = β0 + β1ND10it(ND10it ⊂ ND10
′
it) + β2ControlE

′
it + β3ControlC

′
it + δi + ε

PTPit is the pure time preference estimated by the methodology in section 3.4.1. β0

to β5 are the estimate coefficients. ND10it is one of the natural disaster indicators

belonging to the natural disaster indicator group ND10it. We do not include multiple

disaster indicators together in the model to avoid introducing correlation between the

independent variables. ControlE
′

is the economic control variable vector, including

GDP per capita (GDP), GDP growth rate (GDP-Growth, annual percentage), and

inflation (Inflation, CPI annual percentage). ControlC
′

is the country characteristic

control variables group, including the logarithm of population (Lnpop), logarithm of

land size (Lnland, sq km), median age (Median-age, from WHO database. They only

provide the data every 5 years so we pick the nearest available data as the reference

of a certain year. For example data in 2013 will refer to data in 2015, data in 2012

will refer to data in 2010) and life expectancy (Lifeexpectancy). D1 is the developed

dummy which defines if a country is developed country as determined by the World

Bank. D2 is the location dummy, which describes the location of the country, such

as east Asia, other Asia, Europe, African, North America and Latin America. i is the

fixed effect of country i. ε is the error term.
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3.5.2 Frequency and intensity characteristic test model

Then this study tries to identify the how the characteristic of natural disasters affect

the pure time preference, in which we employ the frequency and intensity indicator in

section 3.4.2.

Random effect model:

PTPit = β0+β1Fre/Int10it(Fre/Int10it ⊂ Fre/Int10
′
it)+β2ControlE

′
it+β3ControlC

′
it+

β4D1it + β5D2it + ε

Fixed effect model:

PTPit = β0+β1Fre/Int10it(Fre/Int10it ⊂ Fre/Int10
′
it)+β2ControlE

′
it+β3ControlC

′
it+

δi + ε

Fre/Int10itis one of frequency or intensity indicator belonging to the group generated

in section 3.4.2. The other parts are consistent with the specifications in section 3.5.1.

3.6 Empirical results

The empirical tests of the hypothesises are in this section.

3.6.1 General test

Regression (1) (2) (3) and (4) are random effect models and (5) (6) (7) and (8) are fixed

effect models. Natural disaster indicator are tested one by one to avoid correlations

within the model. The results are as follows:
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T2: Empirical results 1

From the results, the following conclusions are drawn: 1) In the random effects model,

with country development level and location controlled, the memory of occurrence of

natural disasters significantly decreases the pure time preference. One more occurrence

decreases the pure time preference of the country by 5.54e-4, a relatively small value.

This indicates that previous disaster occurrence, even without considering death or

financial damage, will make people more patient. We suggest this decrease is because

people become more used to the occurrence of natural disasters and thus their fear

decreases. Reduced fear of natural hazards leads to higher confidence in the future and

increases their patience. 2) In the random effects model, TA10 also plays the same role

as the OCC10. TA10 is basically the scale of total affected people of natural disasters

across a 10 year horizon. If no death and financial damage are considered, TA10 will

significantly decrease peoples pure time preference as OCC10 does. The frequency and

scale of natural disasters are playing a “Vaccine” role, those who have experienced
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the natural disasters but have not suffered any physical or financial damages from it

become more used to the natural disasters and become less impatient. It is like Niet-

zsche’s adage that “What does not kill you makes you stronger”. 3) In the fixed effects

model, Death10 significantly increase the pure time preference of the country. This is

consistent with Cassar, Healy, and Von Kessler (2017) who reported that individual

damage makes people discount future 22% more. Real death is a more of “shock” than

just the occurrence or scale, making people more afraid of an uncertain future such that

they then prefer current consumption than future consumption. 4) In the control vari-

able groups, a higher GDP per capita will bring down pure time preference, consistent

with Wang, Rieger, and Hens (2016) who claimed that richer countries have a lower

time preference than poorer countries. In the random-effects model, a higher growth

rate decreases the pure time preference for people with optimism, who will value the

future more than those without and become more patient. Inflation decreases pure

time preference for about from -0.00644 to -0.00577 in models (1) to (8). This does not

seem rational because higher inflation means a lower real value in the future. However,

the relationship between inflation and growth rate or interest rate might be a possible

explanation. Life expectancy significantly raises the pure time preference in both re-

gression (2) and (3). This indicates that people with a longer life will comparatively

prefer consumption now, which contradicts with the theoretical analysis from Becker

and Mulligan (1997).

3.6.2 Frequency and intensity test

Finally, Frequency and intensity indicators are inspected one by one. Regression (9)

(10) (11) and (12) are random effects model with dummy controls and (13) (14) (15)

and (16) use the fixed effects model. The results are as follows:
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T3: Empirical results 2

According to the results, basically all the controlled variables are observed to have

the same effect as the regressions before. In these tests we find that the frequency of

death in 10 years significantly increases the pure time preference at the country level in

both (9) and (13), indicating that the frequency of death occurring in natural disasters

makes people less patient. However, the intensity of death caused by natural disasters

does not increase the pure time preference (as the frequency does). In conclusion, only

the frequency but not the intensity of natural disaster related deaths increases peoples

pure time preference. People are more concerned about how often natural disasters will

take lives rather than how serious they are. Moreover, neither frequency nor intensity

of financial damage affects pure time preference in a significant level.
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3.6.3 Robustness check

Then we conduct robustness checks for all natural-disaster-related independent vari-

ables by adding another independent variable. The result is indicated as follows:

T4: Robustness check result

All models are robust to explain the effects from natural disasters. Estimators are

robust and conclusions are valid.

3.7 Conclusion

This study employs the extended Ramsey Rule introduced by Gollier (2011a) to es-

timate the pure time preference from 2007-2016 in 45 countries. We then collected

natural disaster data from EMDAT and combined these datasets to test the correla-

tions between natural disasters and pure time preference.

Memories of the occurrence and scale of previous natural disasters (indicated byOCC10

and TA10) do not increase the time preference but actually decrease the strength of

time preference because, when not accounting for damages, more occurrences of a larger

scale make people more used to natural disasters and consequently they become more

prepared and optimistic about future natural disasters. This is the so called “one

thing does not kill you that makes you stronger” effect. However, the memory of real

physical loss (indicated by DEATH10 ), hampers the optimism and increases peoples

impatience as people worry about the real loss rather than the occurrence. Financial

damage does not affect peoples pure time preference.

In addition, the frequency of death increases peoples pure time preference significantly

while the intensity of natural disasters concerning death does not. Neither frequency

nor intensity of the natural disaster related financial damage affects the pure time pref-

erence at the country level.

55



The applications of these findings are clear and feasible. When inspecting the real loss

(Including real physical loss such as death or injury and financial loss) and evaluating

the future recovery of regions hit by natural disasters, the real physical loss should be

considered. The occurrences and scales of a natural disaster help people become more

optimistic and prepared for future natural disasters. When evaluating the future re-

covery, policy makers should consider these effects and introduce policies that nurture

the pro-social and pro-future behaviours after a natural disaster hit. Different SDR

then will be generated according to different changes in time preference. Also ,the

heterogeneity among countries should be considered.

Future study should emphasize more on the identification of time preference across

countries and through time. A more precise method of estimation on wealth and

precautionary effect is expected. Also, the heterogeneity across countries should be

identified by more identical independent variables. Moreover, the mechanism behind

some explanatory variables should be explored.
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Chapter 4

Determinants of short and long

term time preference — Survey

in major cities of China

4.1 Abstract of chapter 4

This chapter employs data obtained from surveying the major cities in China . Short

term time preference and long term (well-beings) time preference are elicited from

several questions. This study also collects other demographic feature data and ambient

environmental data to identify the determinants of the time preference rate in major

Chinese cities. Self reported perceptions are also considered. The results indicate

several factors are responsible for the behavior of these determinants.

4.2 Introduction to chapter 4

In the second chapter, we discussed several aspects of SDR. Then, we have found that

natural disasters have a significant impact on time preference formation. Moreover,

after observing the controlled variables, the possibility is raised that heterogeneity in

economic, demographic and other characteristics could also affect the time preference

in some magnitudes. This chapter will investigate this possibility at the individual level.

For any economic agent, considering both the present and future implications of a
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decision is an essential question one must ask prior to engaging in economic activity.

Different agents have different tastes on that decision which is the so-called time pref-

erence. In this chapter, the agent we adopt is the individual. This chapter focuses on

the “internal”1 determinants of pure time preference in short-term and long-term of

people in Chinese cities. Theoretical analysis from Becker and Mulligan (1997), high-

lighted wealth, education, income, life length as the main internal determinants that

played significant roles in determining an individual’s time preference. Internal deter-

minants referred to certain characteristics and subjective feelings of a certain economic

agent compared with external determinants which are regarded as common experience

or shared public goods provision. When examining how external determinants shape

time preference, public data is significant and sufficient for explaining how common

experience and public good provision affect the time preference. However, the internal

determinants are more subjective. Because of the subjectivity, many empirical studies

about internal determinants of time preference(Wang, Rieger, and Hens 2016; Callen

2015; Cassar, Healy, and Von Kessler 2017; Frederick 2003; Graham et al. 2017) re-

fer to a survey, which provides more subjective data about these determinants. The

measurements of time preference in different studies differ but are all based on ques-

tions of trade-offs between now and the future. This study also compares different

measurements of time preference and selects the best one for the survey to identify

both intragenerational and intergenerational2 time preference. Time preference within

one generation (short-term time preference in this study) differs time preference in in-

tergenerational consideration (long-term time preference in this study) in the context

of trade-off. Short-term time preference focuses more on financial trade-off within a

relatively shorter time period while long-term time preference is the trade-off between

wellbeing of this generation and that of the following generations. This study tries to

identify the internal determinants of short term and long term pure time preference

rate.

4.3 Literature reviews

In this section, literature review will cover three important parts, theoretical sup-

port, measurement of intra-generational and inter-generational time preference and

the choice of explainable independent variables. The measurement of time preference

1Internal:The internal determinants in this chapter refers to the internal characteristics of different
individuals

2Intra-generational: Within one generation. Inter-generational: More than one generation consid-
eration
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includes the design of survey, questions and sequences, as well as the advantages and

disadvantages of different design. The choice of independent variables will find liter-

ature support for each independent variable and how they affect time preference in

previous literature.

4.3.1 Theoretical support

This theoretical part refers to 2.6.2, in which Becker and Mulligan (1997) provide the

theoretical framework for the empirical study.

In conclusion, by referring to Becker and Mulligan (ibid.) this paper analyzes the

internal determinants of time preference. Life length, probability of death, health and

education are concluded as possible determinants. All the factors that cause future

uncertainty in the investment of imagining the future will change the time preference

rate according to their numerical analysis. This study empirically tests these theoretical

assumptions by collecting subjective data from individuals.

4.3.2 Measurement of time preference

In previous studies on time preference, the vast majority of methodologies to measure

both the short and long term time preference have been based on analyzing survey

statistics. The identification of time preference for individuals should be varying among

people for people viewing the world with different perspective. There are people who

only care about immediate benefits, possessing a high time preference, while there are

also people who care more about future benefits, within or extending beyond their own

generation, possessing a lower time preference. According to Ramsey (1928), SDR is

composed by pure time preference, economic growth rate and elasticity of future and

immediate consumption. This indicates that if the acquisition of time preference only

refers to observations of market, economic growth, and relative aversion to intertempo-

ral inequality, then slight changes in the market will significantly affect the estimation

of time preference, making it difficult to estimate time preference especially when the

uncertainty of future somehow domains people. Hence, survey becomes a popular way

for researchers to identify time preference among individuals from a subjective perspec-

tive. This is why the survey used must be well developed and intricate in design to

maximize the functionality and usefulness of the results. Considerations regarding how

to design questions that will accurately and precisely capture the real time preferences
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of interviewed individuals is the key in this study.

Survey examples

The pioneer study on time preference through survey is West (1978), in which, exclud-

ing the bias caused by finite life length, economists tried to identify household time

preference by asking the following question

“Suppose you had a choice between a cash bonus of 100 dollars today and 200 dollars

a year from now, which would you choose.”

The question will be repeated by substituting the future large number to a smaller

amount until the interviewee choose the immediate small number, eliciting the indiffer-

ent point and then estimating the time preference. Another pioneer study is Thomas

and Ward (1979). They carried out a survey among 63 college students exploring the

relation between time preference and some psychological indicators. The question they

asked to identify time preference is different.

“ If offered 100 dollars now or X dollars in six months, what would be the smallest

amount of money (X dollars) you would accept rather than the immediately available

100 dollars?”

This question requires a specific value to be filled in by interviewees, which is assumed

to be the indifferent point. These two types of design are the typical question asked

in those surveys. For better understanding of the design of questions, Frederick (2003)

concluded 7 different designs of questions, which are Choice, Matching, Rating, Total,

Sequence, Equity and Context, and made a comparison among them. Though he

focuses on intergenerational time preference measurement, it will be the same if we

use these questions in a generational context. Choice is the most often used design

for giving interviewees two options, future large number and immediate small number,

which can be money (if short term time preference) or saving life or preventing disasters

(if long term time preference). Matching is more similar to what Thomas and Ward

(1979) used, which allowed interviewees to fill in a number, which would be assumed

to be as good as the first offered option. Rating gives interviews two potential options

and asks them to rate “how good you think option 2 compared with option 1?”. As for
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other methods, they emphasized on that Total, Sequence, Equity and Context would

lead interviewees to focus on the respectively specific emphasis. This is also indicated

in the conclusion of Frederick (2003) that if questions emphasize total then many will

choose the option with highest total; if sequence is emphasized, then many will choose

the option with an increasing sequence; If equity is emphasized, then people tend to

choose options that seems most equitable. This indicates that it is not necessary to use

this format of questions for it being misleading and it being insufficient by just using

matching questions. Their findings are consistent with other empirical studies, most of

which use Choice or Matching questions. Wang, Rieger, and Hens (2016) conducted a

study on time preference in 53 countries through a survey. In their study, Choice and

Matching questions are picked. For a more precise and accurate estimation, the absolute

numbers they set up in questions are adjusted according to Purchasing Power Parity

(PPP)3.They also indicated that Matching methods would measure the implicit time

discounting rate more directly and accurately. There are also other researchers that use

the Choice method, generating implicit time discounting rate. Fuchs (1980) did a pilot

survey by asking 508 individuals living in New York City about time preference, health

status and other socioeconomic variables by asking Choice questions. He indicated that

the choice question would be simpler for respondents to answer than the open-ended

Matching questions. Cassar, Healy, and Von Kessler (2017) used choice question but

made some amendment by listing all the choice-based questions in ascending sequence.

This enabled interviewees to make choices between two options in an ascending sequence

and then answers would change in the indifferent points. For example, if the interviewee

is not willing to choose 100 dollars today rather than 120 dollars in one year but is

willing to trade 100 dollars today for 130 dollars in one year, it will be sure that the

indifferent point is between 120 and 130. If it reaches the precision standard, the

indifferent point can be inferred as 125 and then the time discounting rate can be

calculated. This method will capture a more precise and accurate time preference rate.

They followed Andersen et al. (2008) who introduced methods to elicit risk and time

preference and concluded that when measuring time preference it would be better to

test risk preference jointly to generate a conditioned appropriately time preference.

3PPP:Purchasing power parity is a measurement of prices in different countries that uses the prices
of specific goods to compare the absolute purchasing power of the countries’ currencies. In many cases,
PPP produces an inflation rate that is equal to the price of the basket of goods at one location divided
by the price of the basket of goods at a different location(Krugman and Obstfeld 2009)
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Results of different question methodologies

There is literature suggesting that choice question will be more sensitive to quantities

than matching questions (Fischhoff et al. 1993). Meanwhile, there are also studies in-

dicating that matching questions will be more or at least equally sensitive to quantities

(Baron and Greene 1996; McFadden 1994). The debate is there and there are no clear

preference or recommendations suggested by previous studies to use which method un-

der what condition (Hardisty et al. 2013). They also compared matching questions and

choice questions by two empirical studies, which were the most comprehensive com-

parison between these two methods. They concluded that matching questions always

generated a lower time preference than choice question according to Ahlbrecht and We-

ber (1997),Manzini et al. (2008) and Read and Roelofsma (2003), which was consistent

with Frederick (2003) who indicated that matching question may imply lower substitu-

tion rates because it presented the intertemporal comparison more neutrally than the

choice question. The choice question is more demanding than matching questions in

that its implication on interviewees is that there must be some reason that the future is

less valued than now, otherwise why would the survey be asking the question? (ibid.).

As a result, the demanding choice question sometimes pushes interviewees to rise their

detected time preference. Frederick (ibid.) then predicted that choice question was the

best method to predict consequential choice for its natural congruence in using choice

to predict choice. Manzini et al. (2008) explained the differences between the two elic-

itations that from emotional distress to the fact that choice questions attributed more

weight to the more important attributes that did matching question when attributes

of the objects being evaluated were clearly recognizable. The number generated by

choice question is larger than matching because its demanding characteristic is implied

by many studies but it is still controversial which is the best method to capture the

real time preference.Hardisty et al. (2013) indicated that the results from matching

and choice were both valid in reflecting the real time preference and there were no so-

called best option. They also concluded that choice question, though was demanding

and generated a higher number, still outperformed matching question in intertemporal

consequential choices. The absolute number used by interviewers significantly influ-

ences the results. For example, in Hardisty et al. (ibid.), the large-range outcomes

in study 1 accounts for the larger number compared with study two, which is with

restricted range. This anchor effect is even more obvious in matching questions. The

results of matching question are significantly affected by the order that if it is before or

after the choice question. The result of matching question depends a lot on the anchor

set by the interviewers, which means that the question asked by the interviewers will
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have a guiding effect on the interviewees, causing the answers concentrating on a range

that is demanded by interviewers, so the choice of the anchor will be important. That

is the reason why Wang, Rieger, and Hens (2016) referred to PPP of different countries

to design specific questionnaire for different countries.

Moreover, the demanding problem is not only observed in choice question but also

implied in Frederick (2003) that no matter Total, Sequence, Equity or Context, the

demanding problem is even more serious than choice question. The design of these

questions indicate the interviewees which consideration you should pay more attention

to, causing the problem that interviewees pays much more attention to the choice

that generates the best total number. This problem also exists in Sequence, Equity

or Context. The number generated with demanding problem will slightly differ from

the real number. Matching question though with much lower demanding still have a

drawback because the anchor is hard to set. This informs us that the combination of

these two methods is perhaps a good choice.

4.3.3 Independent variables

The choice of independent variables is as important as the identification of time prefer-

ence. Previous studies indicate that there are several factors that affect time preference

formation which can be classified into 3 groups.

The first group of factors is some basic internal demographic determinants, such as age,

gender, race etc. previous studies suggest these innate personal characteristics have sig-

nificant impact on the time preference. Green, Fry, and Myerson (1994)indicated that

grade six children were more likely to discount the delayed rewards faster than young

adult and older people, implying that there exists a negative correlation between age

and time preference. However, they indicated that it might be the lack of experience

of delayed rewards for children and young adult that accounted for the result. Read

and Read (2004) explained the negative correlation between time preference and age

to possibly but not necessarily be the impulsive behaviors of young people. This expla-

nation is solid when considering the negative correlation between time preference and

age is more frequently observed in the early stages of life and positive correlation in

late stage of life, which means a quadratic relationship might be observed. People tend

to have impulsive and irresponsible behaviors at a young age but after a threshold, no

matter 30 or 60, the impulsive behaviors are reduced. This explanation was proved
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in Chao et al. (2009) where a U-shape quadratic relationship between time discount

rate and age was observed. Wang, Rieger, and Hens (2016) implied in the result that

age is positively correlated with time preference to a high significance level. According

to the results of previous studies, the chosen sample is the key for the explanation of

correlation between time preference and age. Another variable in this group is gender.

In their study, gender was considered to be an independent variable in the model but

the result indicated that gender was not significantly correlated with the time discount

indicator. This has also been observed by Cassar, Healy, and Von Kessler (2017) in

which gender is also empirically implied to be uncorrelated with time preference. Other

previous studies suggest basically the same, no clear correlation between gender and

time preference. Only in Cropper, Aydede, and Portney (1994), the result suggested

that male tended to be more impatient than female. Other individual characteristics,

such as height, weight and race , have not yet been seriously examined in the literature.

Basic internal determinants also include health, wealth and income. Previous studies

also found some correlation between these factors and time preference. A theoreti-

cal study by Becker and Mulligan (1997) used a model to indicate that probability of

death would have a significant effect on the formation of individual time preference.

Many empirical studies suggested the same conclusion. Chao et al. (2009) indicated

that physical health was observed to have a U-shaped relationship with time discount

rate, suggesting that people with low probability of death before threshold tend to be

more impatient when probability of death decrease while people with high probabil-

ity of death are more impatient when probability of death increase. Fuchs (1980)also

suggested that a clear correlation was observed between time preference and health

status. A linear and negative correlation between these two variables was indicated. In

addition, schooling and cigarette smoking were shown to respectively be negatively and

positively correlated with time preference. It also implied that family background and

religion appeared to be possible determinants of time preference. Moreover, Komlos,

Smith, and Bogin (2004) and Wang, Rieger, and Hens (2016) both found that body

mass index had significant impact on time preference in both individual and country

level respectively. Lawrance (1991) got the same conclusion that wide differences in

intertemporal preferences exist across households in a given age group from a panel

data study. Educational achievement and income of household were observed to be

negatively correlated with estimated time preference which was explained that high

rate of time preference reduced the investment in education thereby producing a nega-

tive relationship between time preference and permanent income. This study indicated

that the high time preference in some families hampered the capital accumulation and
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consumption growth, which could be referred as policy application. However,Moseley

(2001) suggested that the conventional claim that the poor would possess a very high

time preference was not clear because the evidence they got from African countries

told the different story. During difficult times, poor households will often undertake

extreme measures in the present, such as depriving the family of needed calories, in

order to preserve productive capital for the future, such as a plough, oxen or seed stock.

This evidence suggests that poor African households may, in fact, have very low rates

of time preference, indicating that a U-shaped relationship between time preference

and wealth might be possible. Education has also proved in many empirical studies

to be negatively correlated with time preference. (Graham et al. 2017; Cassar, Healy,

and Von Kessler 2017). Van Der Pol (2011)investigated the correlation between edu-

cation and health and used time preference as the bridge, third variable, to find the

mechanism behind the correlation. Its results implied that education and health are

both negatively correlated with time preference so a good way to improve health is

to nurture future oriented behaviors among people. In addition, other factors in this

group should also be referred to, such as marriage status and children responsibility.

Graham et al. (2017) considered children responsibility in the study and suggested

that long term time preference is negatively correlated with the children responsibility

because of the consideration of protection of future generation. The heterogeneity of

characteristics in this group is determined by postnatal experiences, which shape the

formation of time preference in individuals.

Another group of characteristics considered in this study is subjective perception, which

includes individuals attitude towards life, society, ambient environment and the future.

Previous studies provided a solid foundation for the inclusion of these variables because

not only the objective reality but also the perception of the outer world by individual

are fundamental for the formation of time preference within one individual. The re-

sult of Lennings (2000) implied a significant positive correlation between optimism and

future avoidance, indicating that the elderly prefer current consumption to future con-

sumption when they are optimistic about future. Same conclusion was also suggested

by Berndsen and Pligt (2001). They concluded that optimism about the future would

generate a preference of immediate gains in both monetary and health domain because

the optimism let people to optimistically anticipate more gains in the future. In their

study, time preference decreased when optimism of obtaining additional gains were re-

duced. Shavit (2013) also reported this finding which was opposite to the expectation.

It is claimed that preference towards the present increase with optimism bias based on

the survey. All the previous studies suggest that, opposite to the common expectation
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that optimism decreases time preference, optimism actually increases time preference

because people tend to consume more in present when they hold an optimistic view

towards the future.

In addition to optimism, other subjective perceptions such as sense of satisfaction, secu-

rity and belonging, has also been considered by previous studies.Ifcher and Zarghamee

(2011) conducted an experiment to investigate whether positive affect impacts time

preference and indicated in their conclusion that compared with neutral affect, mild

positive affect significantly reduced short term time preference over money. They used

film clips to induce positive affect among participants. The positive affect induced by

film clips is mostly possible to be happiness. In other words, happiness will decrease

time preference. It seems to be contradictory with the findings of optimism but if we

treat happiness as the current satisfaction and optimism as good future expectation

then this contradiction might be explainable because they are two different subjective

perceptions. These feelings comes from subjective perception of the outer world and

then subject perception forms different levels of sense of security, satisfaction and be-

longing. This indicates that there might be a significant relationship between these

feelings and estimated time preference.

The last group of variables is called external determinants, including environment,

medical access, criminal rate and air quality. The variables in this group are objec-

tive reality of the individual which affect the formation of perception. Public goods or

biological and economic environment form this group of determinants. According to

Wang, Rieger, and Hens (2016), geographic heterogeneity does impact on formation of

time preference in different countries. Economic freedom, economic development level

and economic growth rate are also considered in their study to be external determinants

of the pure time preference rate of a country. The consideration of the objective reality

and subjective perception should be separated in two different models to inspect how

biased estimations are generated by two different models.

Previous studies provide strong support for the choices of independent variables. When

choosing the regression model, the endogeneity between independent variables should

be seriously considered.
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4.4 Design of the survey

The following part will discuss the design of the questionnaire and the method of

calculation of time preference.

4.4.1 Questionnaire design

All the questions are in the appendix.

Identification of short term and long term time preference

Five sections are designed in the questionnaire to identify both dependent and inde-

pendent variables. The first section is designed to record the innate individual charac-

teristics, such as age, gender and the location and date of the interview. The second

section is designed to identify the short-term and long-term time preference by asking

both “choice” questions and “matching” questions. The short-term time preference is

to investigate the pure preference between immediate consumption and later but higher

consumption in the forseable future, so this study refers to Wang, Rieger, and Hens

(2016), Cassar, Healy, and Von Kessler (2017), Hardisty et al. (2013) and Andersen

et al. (2008) to create an imaginary scenario about lottery. Participants can choose an

immediate gain or a higher gain in the future. Participants are asked to choose among

combinations of an immediate gain and different future gains, so the threshold of the

participant can be easily identified and then pure time preference can be calculated.

The arrangement of the questions has two advantages. Firstly, it eliminates the dis-

advantages of Matching questions for providing specific anchor for the participants.

According to Hardisty et al. (2013), the anchor effect is a double-edged sword because

although it guides the participants to a demanding result, it is still an easier and more

efficient way to helping participants make the choice. This helps participants finish the

question easily and clearly. Secondly, it eases the demanding effects from the Choice

question because it provides extra matching question if one is not satisfied with the

Choice questions. The number used in the question is carefully chosen by asking local

people for a reasonable setting. It refers to the PPP (Purchasing Power Parity) and also

the perception from local people. The version for China and the UK will differ in value.
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The second question is designed differently with the first question for different controlled

variable. The first question creates the gap in time preference rate by adjusting the

absolute monetary value while the second question adjusts the time to wait. These two

questions are both able to elicit pure time preference. The different results obtained

from the two different questions will help identify how income effects the participants

choices. Meanwhile, the combined effect of the two different questions will eliminate

the bias generated by different questions by different individuals. The final value of the

time preference will be the arithmetic mean value of question 1 and question 24, given

by:

Rst = (Rst(Q1) +Rst(Q2))/2

The reason interest rate is not considered is because the question only wants to inves-

tigate the pure time preference. If participants also consider interest rate when they

make the choice, the result will be a compounded number of interest rate and pure

time preference, so it is important to eliminate the effects from interest rate. The third

and fourth questions are designed to elicit the long term time preference. Long term

time preference is a preference of the utility this generation or a higher utility in future

generation, so the imagination of winning a lottery will not capture the real time pref-

erence for the future. The choices should be about the balance between welfare of the

future generation and this generation. This is consistent with Stern (2007) who claimed

that the long term SDR is the rate of welfare preserving rate. This study adopts the

questions from Graham et al. (2017). The question will measure the long term pure

time preference by finding an indifferent point between saving a specific number of

people today and more people in the future. The imagined life saving program created

in this question will be able to capture the indifferent point of peoples perception of

utility of this generation and future generations.

Also, the final number of estimated long-term time preference rate is:

Rlt = (Rlt(Q3) +Rlt(Q4))/2

The arrangement and number picked are carefully adjusted based on a pre-test. The

number picked should be adjusted by PPP in different countries.

4Refer to Appendix:Q1 and Q2 are the questions in the questionnaire, so is the same for Q3 and Q4

68



Identification of determinants

In section 1 and 3 this survey will investigate the internal individual characteristics,

such as health, wealth, income, education and other indicators. These determinants

have been tested in previous studies before. This study will put these determinants

into the baseline model.

Section 1 and 3 are basic internal determinants of pure time preference of participants.

In order to expand the model and also identify the effects from bias between object

reality and subjective perception, section 5 will ask more questions to capture the exter-

nal determinants, such as living environment, air quality, medical accessibility, police

station intensity and other indicators. These external determinants are also expected

to have effect on the determinants of the pure time preference.

In addition, the other section, section 4, in this study will capture the subject percep-

tion of the real world. The object reality, no matter internal or external, is the key

determinant of the subject perception accordingly but there is another truth we cannot

deny that different people in the same environment still hold different views about the

world. So, this study aims to test which is the most important determinant of the

pure time preference, object reality or subject perception? We cannot just assume that

people with more wealth, better health, better air quality, more convenient medical

access or higher education will correspondingly have a better perception of the world.

Heterogeneity among people will enable this study to find out which will be more sig-

nificant in determining the pure time preference. This study employs a method often

used in survey, to let the participants choose the extent to which she or he agrees to a

statement, such as “I am satisfied with my life” or “I am satisfied with the air quality”

7 different scales are able to generate adequate heterogeneity among individuals. These

determinants collected will extend the basic model and will enable the model to cover

the determinants more comprehensively.

4.4.2 Sample and Participants

This survey is carried out in some cities in China. There are a total of 41 cities included

in this survey, located across China. All of the cities have a population of more than

1 million (except Lhasa). The cities which have a sample less than 10 will be included

in other. The cities are listed in the chart below:
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T1: Sample location and methodologies

Two methods are adopted to collect samples. Firstly, online survey is adopted. Ques-

tionnaires where sent to different group chats in the target cities. These group chats

include people from all classes and all age group of the cities. Secondly, public street

interviews were also adopted. The reason to include interview is because the offline

interview will cover more random samples who do not use Internet frequently. The par-

ticipants are randomly picked on street, which ease the bias of online survey because

of the limited social network of the interviewer.

To avoid the bias generated by location, site and occasions, this survey will randomly

change the district of the city to get the random sample. Sample size will basically

depend on the population size of the city.

4.4.3 Measurement of time preference

The numerical analysis of pure time preference from the questionnaire questions will

refer to previous studies. In Andersen et al. (2008), a payoff table was used to identify

the time preference. This study takes a similar approach to identify the position of the

indifferent point.
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According to Hardisty et al. (2013), an exponential model to elicit time preference is

a normative model to specify how rational decision makers ought to evaluate future

events. However, if monetary value in short term is the benchmark of the question, a

hyperbolic model would be a better choice. (Kirby 1997; Kirby and Maraković 1995;

Myerson and Green 1995; Rachlin, Raineri, and Cross 1991). This is also reported

by Madden, Bickel, and Jacobs (1999) that a hyperbolic discounting function provides

a better fit to the subjective value after a range of delays than did the exponential

discounting function. All these studies elicit time preference rate by questions with

monetary benchmark, so for the short term time preference identification in this study,

which also use questions with monetary benchmark, a hyperbolic model is chosen.The

emphasis in the question to “not consider interest rate” will eliminate the impact from

the wealth effect and precautionary effect mentioned in Gollier (2011a), so the time

discounting rate elicited from the question will be the pure time preference rate. The

model can be written as follow:

Vf = Vp/(1 + δD)

Where Vf and Vp are respectively the future value and the present value. δ is the pure

time preference rate. D is the delayed year, so the number generated should be the

annual rate of pure time preference. Every question will generate a pure time preference

rate. For simplicity, this study will pick the point of the answer as the proxy of the

pure time preference of the participant. The elicitation table is indicated below:
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T2: Short term pure time preference rate elicitation table

According to this table, when we receive the questionnaires filled by participants, we

can easily find the indifferent point position of the participant.For long term time pref-

erence, the method will be slightly adjusted by adopting different time discounting

model. In classical economic models, an exponential model is often used to discount

utility over time. According to Stern (2007) and Nordhaus (2007), the long term time

preference is the rate to discount utility over time, so the model adopted should be ex-

ponential model rather than hyperbolic. This is consistent with Arrow et al. (2014) who

indicated that governments should introduce a declining SDR, and that the remoter

the future was, the closer was the long term SDR to zero. Moreover, as whatMadden,

Bickel, and Jacobs (1999), hyperbolic will be valid if the question is monetary based

but not sure if it is about utility. Hardisty et al. (2013) also indicated the rationality of

using an exponential model to investigate how decision makers evaluate future events

as indicated before. So, this study employs an exponential discounting model for long

term pure time preference. The model is expressed as follows:

Vp = Vfe
−δD(D >= 1year)

Vf = Vp/(1 + δD)(D < 1year)

This set up follows the interest system in banks that if the delayed time is less than

1 year, hyperbolic model is used to calculate the annual rate and if the delayed time

is over 1 year, exponential model will be adopted. This is because if the delayed

time is less than 1 year, the utilization of exponential model will generate a extremely

high number which is not reasonable. However, if it is about remote future like years

later, exponential model will generate a more reasonable and convincing number than

hyperbolic model. The elicitation table is as below:
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T3: Long term (Wellbeing) pure time preference rate elicitation table

Every participant will have a certain judgement of short term and long term pure time

preference, and then through two different questions we can easily identify the number

of the short term and long term pure time preference rate. This set up eliminate

the bias generated by misunderstandings by answering one single question. The final

elicitation number will be:

Rst = (Rst(q1) +Rst(q2))/2

Rlt = (Rlt(q3) +Rlt(q4))/2

4.4.4 Independent variables description

Other questions in the questionnaire are designed to capture many other internal deter-

minants of short term and long term pure time preference rate, including those which

are covered by other literatures, such as health(Fuchs 1980; Komlos, Smith, and Bo-

gin 2004), wealth(Moseley 2001), education and children responsibility(Graham et al.

2017), and also those which are not covered before such as real estate ownership, mar-

riage and other subjective feelings (optimism, sense of security, sense of belonged and

satisfaction). In addition, some external determinants are also identified by some of

the questions. Those external determinants include GDP per capita and GDP growth
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which are considered in Wang, Rieger, and Hens (2016) and some which are not in-

cluded in previous literatures, such as park and green land possession, police station

number, air quality and hospital bed number. The description of the independent

variables is listed The description of the independent variables are listed:

T4: Independent variables description

There are 3 groups of independent variables. The first group of independent variables

is called basic internal determinants, which are the variables that determined within

one individual. For simplicity, these variables can be regarded as private goods. The

second group of independent variables is the subjective feelings, which reflects the

individual perception and identification of the surrounding world. Finally, the last

group of determinants are external determinants, which can be regarded as public

goods.
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4.5 Data description

The total sample size is 674 after taking out invalid observations. Participants come

from 41 cities in China. Observations from 6 major cities as Beijing, Shanghai, Chongqing,

Chengdu, Shenzhen and Xiamen account for 90.21 percent of the whole sample. The

statistical features of the sample are consistent with common knowledge. The following

chart contains the basic demographic information of the samples.

G1: Demographic features of the sample (Age,city and gender)

The summary of other determinants is listed as below:

T5: Data summary

Accordingly, the demographic, economic and characteristic data are in reasonable scale.

However, compared with the conventional economic assumption that 3% is always

picked as pure time preference rate, the real world average number is much higher than

it, reaching 225.62% and 306.61% for short term and long term respectively. The mean

age is 31.1887, which is lower than the median age of China in 2015, which is 36.951

according to WHO. However, considering about the fact that those data are gathered

from major cities such as Beijing, Shanghai, Shenzhen and others where young people

flow into, mean age still seems reasonable. Gender is also basically consistent with the

real situation in China where the gender ratio is 1.06 according to CIA world factbook.

The following is the plot of the subjective perceptions with STPTP and LTPTP. Some
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of the subjective feelings have a very clear and strong correlation with STPTP or

LTPTP. Moreover, the distributions of each feeling are different. Note that, optimism

is relatively higher in magnitude than the others feelings.

G2: subjective perception

The other group is the external determinants, which are heterogeneous from city to city.

gdp growth is the GDP growth rate from 2018 to 2019 for the city where interviewees are

located. gdppc is the GDP per capita for the city. pspt is the amount of police stations

per thousand people in the city according to Baidu map. hbpt is the hospital beds

number per thousand people. park is the number of parks reported by the interviewee

and aqi is the Air Quality Index of the city at the date of interview.

4.6 Internal and external determinants-Methodologies and

results

Multilevel cross-sectional regression is picked to identify the determinants of pure time

preference of individuals. According to the distribution of short term and long term

pure time preference gathered by the survey as the graph below, the handling of the
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measured STPTP and LTPTP should be considered. The design of the question, which

is modified based on response of interviewee in the pre-test, so the number picked and

gap between each question is designed to capture peoples feeling rather than to achieve

numerical perfection, causing the elicitation from the question to not be the same

numerical magnitude.

G3: Short/long term pure time preference plot

According to the plots, the distribution of short term and long term pure time pref-

erence are significantly different. STPTP (Short term pure time preference) is more

uniformly distributed than LTPTP (Long term pure time preference) while LTPTP

seems to concentrate on three specific areas. These two different distributions are con-

sistent with common knowledge because if people are only asked about the short term

monetary choice, different options will be adopted based on individual preference. For

example, one person could choose 12000 in the 6 months or 10000 now or 13000 or 15000

which only depends on the preference. There were no examples of a person choosing

10000 now no matter how much is offered in the future. Everyone has a threshold,

generating a result distributing uniformly. However, for long term choice, the situation

is different. There are three types of people. One of them are those who will choose

to save people right now no matter how many or how soon you can save lives in the

future, counting for a large percentage. Another type of people are those who have

a threshold and can make a trade between now and future. The last type are those

who will choose to save more lives in the future no matter how less lives they can save

or how long they need to wait. Because of the different distributions, this study will

adopt different econometric models. In addition, to test different effects from different

question designs (Q1 and Q2),we also include Rst(Q1) and Rst(Q2) as the dependent

variables.

77



4.6.1 STPTP

Methodology

For STPTP, there is another problem that needs to be considered. According to Block,

Barnett, and Salerno (2006) and Guiso and Paiella (2008) who found that risk tolerance

increased with the wealth, but they emphasized that it could be that lower risk tolerance

wasted the peoples opportunities to accumulate wealth. This reverse causality also

implies to time preference.For example, a higher short term time preference will hamper

the ability of people to accumulate wealth, which indicates a two-way causal effect

between wealth and short term time preference, generating endogenous problem in

the OLS regression. We conducted Hausman test for the endogenous problem. The

instrumented variable is wealth and the instrument is Size, which is the size of the

house/department of interviewees. The specifications are as below:

OLS:

STPTPi = α0i + α1iX
′
i + α2iY

′
+ θi + εi

2SLS:

STPTPi = α0i + α1iX
∗′
i + α2iY

′
+ α3iZi + θi + εi

Zi = β0i + β1iX
∗′
i + β2iY

′
+ β3iSizei + θi + ηi

STPTPi is the short term pure time preference of individual i.(It can be Rst, Rst(q1)

and Rst(q2)). αoi is the constant. X
′
i is the group of internal determinants including

wealth for i.X∗′i is the group of internal determinants besides wealth for i.Y
′
i is the

vector of external variables. Zi is the instrumented variable of individual i. Sizei is the

living space size rank of an individual i. θi is the city effect (city dummy) of individual

i. εi and ηi is the error term .The Hausman test results for the multilevel regressions

are indicated as below:

T6: Hausman test for STPTP

2SLS is picked for regression (1) and (4) while OLS is picked for regression (2),(3),(5),(6).
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This arrangement avoid the endogenous problem.
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Result

T7: Result for STPTP
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According to the result, if only internal determinants are considered and STPTP adopts

the answer of first question, Male tend to have a 0.134 lower short term pure time pref-

erence rate than female, consistent with Graham et al. (2017) andWang, Rieger, and

Hens (2016). Wealth will increase the short term pure time preference, which contra-

dicts with the following two regressions, in which wealth level will bring down short

term pure time preference 0.228 and 0.117 respectively. Age is indicated to have a

U-shape relationship with STPTP and the turning point is at age equaling to 52.9984.

This is consistent with Read and Read (2004)] and Chao et al. (2009) who explained

this to be a consequence of irresponsible action in young people. Education also has a

negative effect on the pure time preference rate, one level higher in education achieve-

ment will cause 0.0735,0.427 and 0.229 decrease in short term pure time preference

respectively in regression (1) (2) (3). This is also consistent with Van Der Pol (2011)

and Graham et al. (2017) which can be explained that people with higher education

will have more rational consumption behaviors. Also, insurance plays an important

part in determination of short term time preference. Those who own at least one kind

of insurance (Social insurance, medical insurance or commercial insurance) have an

approximately 1.678 and 0.809 lower short term pure time preference than those who

dont as seen in regression (2) and (3). Regression (3) is the one we should refer to

because the elicitation of STPTP is based on question 1 and 2, which will eliminate

the bias caused by question design. Regression (1) and (2) are for comparison.

If external determinants are considered, the results are slightly different from the re-

gression (1),(2) and (3). If we use the rate of STPTP in the first question as the proxy;

wealth, age, gender, education, income, real-estate ownership and number of parks

around are now significant determinants. Wealth and age are in the same relationship

with STPTP as the regression (1). Similarly, males are more impatient than females.

Education plays the same role as the regressions before that higher education level will

significantly decrease the STPTP, 7.41% per rank. Income now becomes a significant

factor, decreasing STPTP. This is possibly because that higher income will significantly

decrease the financial risk of the individual, making her less eager for short term fi-

nancial returns. Real-estate ownership has a different effect on STPTP compared with

regression (5) and (6), which seems to be not valid. Number of parks around decreases

STPTP significantly, indicating that a better living environment will increase peoples

patience. There might be another explanation for the negative effect of park that apart-

ment/house with more parks around could be more expensive so the interviewees who

claim to have more parks around might possess more wealth, thus decreasing STPTP.

Regression (5) is basically consistent with regression (2). The most important one is
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regression (6), which uses the comprehensive STPTP as the proxy. Wealth, age, gen-

der, education, insurance and parks significantly decreases STPTP (Age in U-shape)

while real-estate increases STPTP. The burden of a loan on real-estate in Chinese ma-

jor cities are high which causes people more eager to accept short term financial returns.

In conclusion, if we only consider internal determinants, then wealth level, education

level and insurance significantly decrease STPTP while real-estate ownership signif-

icantly increases STPTP. If external determinants are considered, besides the deter-

minants before, age, gender and number of parks play more significant roles. Age is

observed to be a U-shape relationship with STPTP, decreasing STPTP in early life

stage and increasing it after passing the turning point.In addition, females tend to be

more patient than males. Moreover, the quality of ambient living environment (mea-

sured by parks around) decreases STPTP significantly.

4.6.2 LTPTP

Methodology

For LTPTP, Ordered Probit model is picked. For LTPTP, this study will not adopt

instrumental variable because, unlike STPTP, long term pure time preference does not

have as clear a causal relationship as the short term does, indicating wealth is not

an endogenous variable of LTPTP. The view of the future world and consideration of

future generation does not have a clear effect on the accumulation of wealth. So, in

this study, a simple Ordered Probit model is adopted. The assignment of order LTO

of LTPTP is as below:

0 <= LTPTPi <= 0.2, LTOi = 1

0.2 < LTPTPi <= 1, LTOi = 2

LTPTPi > 1, LTOi = 3

According to the distributions of Rlt(Q1),Rlt(Q2) and Rlt, because of the design of

the question, the value of question 1 is very low and distribute uniformly so there is no

need to assign order to Rlt(Q1). However, because of the different design in question

2, the distribution of the elicited value distribute in 3 concentrated magnitudes which

will be better to use Ordered Probit model. We use absolute value of Rlt(Q1) as the

proxy for regression (7) and (10) while use assigned order for regression (8),(9),(11)
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and (12).

The specification is as the below:

LTPTPi = α0i + α1iX
′
i + α2iY

′
+ θi + εi

LTPTPi is the long term pure time preference of individual i.(It can be Rlt, Rlt(Q1)

and Rlt(Q2)). αoi is the constant. X
′
i is the group of internal determinants.Y

′
i is the

vector of external variables.θi is the city effect (city dummy) of individual i. εi is the

error term .

Theoretically, the long-term time preference is about the attitude toward future benefits

which will not directly affect the accumulation of wealth, so there is no endogenous

problem. Only regression (7) and (10) are using absolute values of LTPTP and we

do the Hausman tests fot the two regressions. The prob > chi2 for regression (7) and

(10) are 0.8424 and 0.9768 respectively so we cannot reject H0 that all variables are

external, consistent with the theoretical assumption. Accordingly, OLS is picked for

regression (7) and (10).

Result

The result of LTPTP is indicated as the chart below:
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T8: Result for LTPTP

Accordingly, in endogenous model in regression (7), wealth is again implied to have
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effect on the long term pure time preference. People married tend to be less likely to

be future-oriented for the future generation. The possible explanation is that marriage

increases peoples satisfaction of current life and then makes people focus on current life

rather than future life. Those people with insurance have a 0.652% higher long term

pure time preference than those who dont, contradicting with the assumption and the

results in the Oprobit model.

Regression (8) and (9) and regression (11) and (12) have the same results because the

assigned order for Rlt and Rlt(q2) being the same. The relative low values drew from

question 1 are significantly levelled by the value from question 2, resulting the same

assigned order for Rlt and Rlt(q2), so in the resultant discussion we only consider re-

gression (9) and (12). If external variables are excluded, the results are indicated as

the following. 1) The probability of males to be in a higher level LTPTP is 0.194 which

is a lower probability than females. Males are more future-oriented then females in

major Chinese cities. 2) Self-reported health condition significantly decreases LTPTP.

An individual with a better health condition will be more likely to have a long term

pure time preference in the lower level. This is consistent with Fuchs (1980). As better

health encourages people to care more about the future. People with worse health

condition are more likely to only care about their own benefits rather than the benefits

of future generations. 3) In addition, marriage will be more likely to bring the long

term time preference to a higher level. A possible explanation being that marriage

makes people more concerned about the benefits of their small families and decrease

their consideration of the future generation. 4) Same as STPTP, insurance coverage

makes people 26.7% more likely to be in the lower category.

If external variables are included, the results are more informative. 1) Now age is a

significant determinant and a U-shaped relationship is observed. The turning point

is 46.6377, indicating that people are becoming more and more future-oriented with

age increase before 46.6477 years old and are becoming more and more present-oriented

after passing this turning point. 2) Gender effect is the same 3) Health is also an impor-

tant determinant and the determinant effect is higher than regression (9). 4) Marriage

effect is consistent with the endogenous model but with a higher absolute value. 5)

Insurance coverage decreases the probability of people becoming more present-oriented.

6) The living environment has a significant effect on LTPTP. People living with more

parks around tend to have 13.5% lower probability to be in the higher LTO order.

7) The worse the air quality is, the more future-oriented people are becoming. The
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mechanism behind is complex but it might be possible that people living with bad

air quality are more likely to realize the importance of sustainable development in the

future.

4.6.3 Conclusion of the results

This is the conclusion of the results for both STPTP and LTPTP. Although there

are some mutual determinants for STPTP and LTPTP, there are also some significant

differences among them. To discuss the differences between STPTP and LTPTP, an

area graph of the result of regression (6) and (12) is plotted:

According to the graph, age, gender, insurance coverage and park quantity are the mu-

tual determinants. Notably, the same effect is observed for these 4 variables on both

STPTP and LTPTP. There is also significant heterogeneity in the determinants. For

STPTP, because it is a short-term money trade off, more financial-related variables

are observed such as wealth and real-estate ownership. The variables that only affect

LTPTP relating to welfare, such as health, marriage status and AQI index. In conclu-

sion, besides mutual determinants, financial-related variables are more likely to affect

the formation of the STPTP while welfare-related variables are more likely to affect

the LTPTP. This is a rational conclusion because STPTP is more about the trade-

off between current and future financial outcome and LTPTP is more about trade-off

between the utility of current and future generations.
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4.7 Self perception

In this section, the determinant effect from subjective perceptions is explored.

4.7.1 Methodology

Before constructing the model, we did a correlation test to avoid multi-collinearity

problems in self perceptions.The result is indicated as:

T9: Correlation matrix

According to the matrix, some significantly strong correlations are observed in pairs,

for example, the correlation between optimism and security is as high as 0.745, facing

a collinearity problem. Besides this pair, there are also a large number of pairs in

strong correlations, indicating that inclusion of all the subjective perceptions is not

analytically sound. To avoid multi-collinearity problem and to alleviate bias caused

by omitted subjective feelings, this study includes the subjective feelings one by one

controlled by internal and external determinants and does a robustness check for each

subjective perception. The specification is:

STPTPi/LTPTPi = β0i + β1iSPi(SPi ⊂ SP
′
i ) + β2iX

′
i + β3iY

′
+ θi + εi

STPTPi and LTPTPi are the short term pure time preference/long term pure time

preference of individual i. β0i is the constant. X
′
i is the group of internal determinants.

Y
′
i is the vector of external variables.θi is the city effect (city dummy) of individual i.

εi is the error term .SPi is one of the subjective perception. SP
′
i is the vector of subjec-

tive perceptions.(Including optimism, security, belonged,life satisfaction, environment

satisfaction, air quality satisfaction, medical access satisfaction, concern for climate

change and concern for natural disasters)
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4.7.2 Result

T10:Self-perception results

According to the results, for short-term pure time preference, sense of security and

attitude towards climate change are significant determinants. Security decreases the

STPTP with -0.1095 marginal effect, indicating that one more unit higher sense of

security will decrease STPTP for 10.95%. Also, positive attitude towards climate

also increases the patience of individuals. One more unit in positive attitude towards

climate change decreases STPTP for 9.90%. For long-term pure time preference, only

the sense of security has significant effect on LTPTP with a 6.58% marginal effect.

Other self-perceptions are not observed to have a significant impact.

4.7.3 Robustness check

OLS is picked for STPTP model and LPM (Linear Probability Model)5 model is picked

for LTPTP (LPM is better for robustness check than probit model) to conduct Oster-

Bound robustness check. The robustness check we refer to Oster (2019) and Dahlen

(2015),which is called Oster-bound robustness test. It is used to test if the unobserved

5LPM:In statistics, a linear probability model is a special case of a Probit or Logit regression model.
Here the dependent variable for each observation takes values which are assigned with values of 0,1,2
or etc. The probability of observing a value in any one case is treated as depending on one or more
explanatory variables. For the “linear probability model”, this relationship is a particularly simple one,
and allows the model to be fitted by linear regression.(Aldrich and Nelson 1984)
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and omitted controlled variables affect the robustness of the estimates, which will in-

vestigate if the one-by-one inclusion design of the model is facing omitted variable bias.

The robustness test results are:

T11:Robustness check

According to the result, all the estimates are robust, indicating that omitted variables

do not affect the robustness of the estimates . One-by-one inclusion of the perceptions

avoid multi-collinearity and omitted variables.

4.8 Conclusion

This study employs a survey with data gathered in some Chinese major cities to explore

the determinants of short term and long term pure time preference rate.
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It indicates that 1) age plays a very important role in the determination of short term

or long term pure time preference rate. The relationship with age and time preference

rate is quadratic and U shaped, consistent with many previous studies(Read and Read

2004; Chao et al. 2009), indicating that these quadratic relationships also apply for

Chinese citizens in major cities. 2)Wealth significantly decreases STPTP as wealthier

people are less thirsty for short term returns. 3) Males have a lower STPTP than

females. 4) For STPTP, education is a major determinant. More highly educated

people tend to save more rather than to consume more. Less educated people are

more willing to consume immediately rather than to save. 5) Real-estate ownership

increases STPTP significantly and dramatically, mostly due to the financial burden of

loans. 6) Insurance coverage significantly decreases STPTP, which is consistent with

the assumption. 7)Quantity of Park and green lands around the residence significantly

decreases the STPTP, indicating that a better environment can “Calm down” people

and make them more patient. 8) Sense of security decreases STPTP significantly. The

safer people are, the more patient they are. 9)Those who are concerned about the

future climate change are observed to have a relatively lower STPTP.

For LTPTP, there are also some informative indications. 1) Age is also observed to

have a U shape relationship with LTPTP. 2) Gender has the same effect on LTPTP.

3) Health becomes a major determinant of LTPTP. Healthier people are more con-

cerned about the future than those who report to be less healthy, consistent with the

assumption and literature before. 4) Married people are more concerned about the

present than those who are single. The possible explanation for this is that people will

care more about the welfare of the family in present rather than future. 5) Insurance

coverage also plays the same role but not as high as what it is for STPTP. 5) Ambi-

ent environment, such as air quality and quantity of parks or green lands, decreases

LTPTP, implying that better environment pushes people to think more about future.

6)Sense of security significantly decreases LTPTP, same as what it does to STPTP.

The mutual determinants of STPTP and LTPTP are age, gender, insurance coverage

and quantity of parks or green lands. The distinctive determinants of STPTP are more

financial-oriented, such as wealth and real-estate ownership while the distinctive deter-

minants of LTPTP are more welfare-related, such as health, marriage and air quality.

The heterogeneity of determinants is rational and as expectation.
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There are contributions of this chapter. Firstly, this is a pioneer study in time prefer-

ence in China, which has never been done comprehensively before. The result indicates

that Chinese citizens in cities possess a very high short term and long term pure time

preference. Secondly, this study contributes to the literature for including more deter-

minants that are not explored in previous literature, such as subjective perceptions,

real estate ownership, insurance etc. Thirdly, it corresponds with some previous liter-

ature about age, education etc. Last but not least, this study can be used by policy

makers to achieve some macroeconomic adjustment targets.

There are also limitations. Firstly, limited size and scope of the sample. Secondly, im-

possibility of a time-series tracking of participants especially when subjective feelings

are included. Thirdly, the mechanism behind some determinants is still unclear. The

future study will focus on the time-series tracking and mechanism explanations.
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Appendix:

Section 2: Identification of short term time preference

Section 2: Identification of long term time preference
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Section 1 and 3: Identification of internal and external determinants
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Section 4: Identification of subject perception
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Chapter 5

Measuring heterogeneous

elasticity of intertemporal

substitution and identification of

potential determinants across 51

US states

5.1 Abstract of chapter 5

This chapter employs macroeconomic data for 51 US states to test the elasticity of

intertemporal substitution (EIS) and also identify the determinants of EIS. It reveals

that even when faced with same return system, different economies (states) have dif-

ferent consumption adjustment strategies. In addition, it indicates that economic de-

velopment, real growth, employment status, housing condition, age, and gender have a

significant effect on the formation of EIS. In addition, people are implied to have mem-

ory of periodic systematic financial crisis after they have experienced one. Moreover,

the risk aversion is tested with the assumption that reciprocal hypothesis of EIS and

risk aversion is valid.
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5.2 Introduction to chapter 5

In the last chapter, we investigated the determinants of short-term (financial) and long-

term (wellbeing) time preference at the individual level. In this chapter, we will focus

on the risk preference parameter, the other important component of the SDR, having

already focused on time preference in Chapter 2 and 3. The real SDR is always a key

indicator in economic study, which provides information for the future development of

a certain economy. In this chapter, in order to better understand the formation of the

SDR, we focus on the determinants of risk preference. The measurement of the pref-

erence is the very important.One way suggested in the literature is to use surveys or

experiments (Wik et al. 2004; Hanna and Lindamood 2004; Binswanger 1980; Cassar,

Healy, and Von Kessler 2017), which is the most intuitive and practical way because

the individual behaviour drives the social behaviour. By using a survey or experiment,

it is very easy to identify the heterogeneity among participants, such as age, sex or ed-

ucational background, which makes it easier to find the determinants. However, there

are also problems. For example, potential sample bias could significantly eliminate the

influence from some indicators. Also, the small sample, relative to total population,

may not be convincing enough to explain the social behaviour. Consequently, other

literature suggests methods employing macroeconomic data see Chapter 3 for an ex-

ample of identifying time preference from macroeconomic data. For risk preference,

having derived theoretically that the relative risk aversion parameter is the recipro-

cal of elasticity of intertemporal substitution (EIS), estimation of the EIS allows us to

measure risk aversion. This has been done by plenty of previous studies(Hall 1981; Hall

1988; Yogo 2004; Gruber 2006; Gomes and Paz 2013; Best et al. 2020). This paper

tries to build on the previous literature before using a pioneering method to estimate

the EIS of the 51 states in United states, exploiting the fact that they are all faced

with the same return rate but react differently to it due to the heterogeneity of the

states across economic, demographic, and other risk-related variables.. This paper will

discuss the estimation of EIS and analyze the EIS fluctuation for different states from

2007-2017. Also, this paper will construct a panel data set to identify the determinants

of risk aversion from a macroeconomic perspective. This chapter is innovative in us-

ing macroeconomic data to identify these determinants to see if the determinants are

consistent at both the individual and macro level.
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5.3 Literature review

This section focuses on the previous literature about EIS. Firstly, we focus on the

conceptual understanding of EIS, exploring its definition, real value and other charac-

teristics. Secondly, the methods and results of estimation of the EIS will be discussed.

Lastly, we will explore the determinants of the EIS that have been investigated before.

5.3.1 Elasticity of intertemporal substitution (EIS)

Elasticity of intertemporal substitution is defined as the response of the consumption

growth rate to changes in the real interest rate, comprising two components: the in-

come effect and substitution effect. Simply speaking, it is the consumption adjustment

strategy of an agent when faced with a certain return system. The EIS is an important

parameter in classical economic growth models, so the true magnitude and reliability of

the theoretical framework are of great concern for economists. The fundamental work

of this field was produced by Hall (1988). His essential idea was that consumers plan to

adjust their consumption strategy from one year to the next based on the expectation

of the real interest rate. He also claimed that, according to Lucas et al. (1976), because

of the infeasibility to conclude a proper consumption function, an EIS that depended

on wider macroeconomic context could not be stable over time, making it difficult to es-

timate in a traditional theoretical framework. Thimme (2017) also implied the concern

that because the EIS was based on classical growth model with CRRA1utility function,

the set of separate time meant that past consumption did not influence future prefer-

ence of consumption. All these studies point out that if we assume that the classical

growth model is suitable for the real world, the fluctuating macroeconomic reality will

hamper the data matching process. This has also been indicated by Crossley and Low

(2011) that the assumption of constant EIS was rejected by the demand data. The

surprising limitation of constant EIS assumption is determined by its nature of the

allocation of expenditure across goods within a period. These studies imply that the

following estimation of EIS with time variation is theoretically correct. EIS of different

economy in different time varies.It supports this study because the estimation set up

based on time variation seems to be better than previous studies which employs one

period data to get a aggregate estimate and assume it to be constant.

1CRRA utility function:u(ct) =
c1−θt
1−θ . This is the so called iso-elastic function for utility used in

classic growth model
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In the traditional growth model, the EIS is the reciprocal of the relative risk aversion

parameter in the CRRA function, which has been derived in next section. There is

some literature supporting this, although there is also some contradictory literature.

For example, Attanasio and Weber (1989) claimed in their study that the distinction

between EIS and risk aversion was not negligible but indicated though there were

distinctions, the correlation was also significant. Their conclusion of relaxing constant

EIS assumption also supports the time-variant EIS assumption in this study. Jackwerth

(2000) used SP 500 data and found that risk aversion estimates were largely consistent

with the theoretical model and standard assumptions, although this was then rejected

byBlackburn (2008) who claimed that the inverse relationship between EIS and risk

aversion could not be empirically proven, instead suggesting only the risk free rate could

link them. Though it is important to be aware of this discussion, this study still follows

the traditional growth model to assume EIS is the reciprocal of risk aversion parameter.

In summary, the EIS is assumed to be constant overtime in the theoretical growth

model but this assumption does not stand up to empirical testing, implying that a

time-inconsistent EIS is required and may also help the identification of the determi-

nants. However, in order to avoid contradicting the theoretical framework, the time-

inconsistent EIS is estimated by employing different data sets, which is introduced in

the following section.

5.3.2 Estimation of EIS

Since EIS is such an important economic indicator, its calibrations have been exten-

sively studied. The fundamental study is Hall (1988), in which, monthly consumption

data from 1959, quarterly consumption data from 1947 and annual consumption data

from 1919 are employed. The interest rates in it are SP500 and the T-bills average

return rates after tax in different time dimensions. He claimed that the theoretical

intuition implied a correlated error term, meaning the traditional OLS is not suitable

for the EIS estimation, so GMM 2is introduced in his study with lagged real interest

rate as instruments. The result for the annual data is -0.4, which is believed to violate

the basic assumption and to be insignificant. The result from monthly data is from

-0.03 to 0.48. The result from post-war quarterly data is from 0.1 to 0.34, which are

relatively valid number. Mankiw (1981) did a very similar test on EIS with different

intention which was to test the permanent income hypothesis. It finally rejected the

2GMM: Generalized method of moments. It is a econometric method to avoid endogeneity
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permanent income hypothesis and got a estimation of EIS from 0.172 to 0.252 with

different controlled variables. To better understand the value of EIS, the definition

from Hall (1988) is recalled: EIS is a measure of responsiveness of the growth rate of

consumption to the real interest rate, so the value is a parameter before the real return

rate, indicating how much consumption will be improved with a rise in real return

rate. For example, 0.2 of EIS means that 1% increase in real return rate will bring

households 0.2% increase in consumption.

The following study, most of which are focusing on the improvement of the methodol-

ogy for the estimation. For example, they use the different utility function, use different

instruments, or use different data set. In addition, there are also some literature that

have discussed the weak instrument problem for the GMM method. Yogo (2004) im-

plied in the study that weak instrument problem hampered the result of the estimation.

Epstein-Zin preference function3 was employed in the study and 11 developed countries

data are chosen. The result indicated that there is no significant evidence suggesting

that EIS deviated from zero. It also gave some methods to handle the weak instrument

variables. Gomes and Paz (2013) also discussed the weak instrument problem4 and

they indicated that the SMF (synthetic mutual fund)5 method introduced byDacy and

Hasanov (2011) was still plagued by weak instrument problem.Though the estimates

for the US was around 0.2, which was a relatively convincing magnitude, the reliability

of the estimate is still questionable. They themselves claimed that SMF would yield

a more stable estimate for EIS. They collected return rates for many financial assets,

such as stock, T-bills etc., and then used the household as- set allocation to calculate

the weight of each asset and got a aggregate return rate, called SMF. The estimate

is revealed to be more stable for the time period in the US. This study employs their

method and because of the study of Gomes and Paz (2013), we test the over identifica-

tion problem by using Hansen-J test which turns out be immune to the weak instrument

3Epstein-Zin Utility function:EpsteinZin preferences refers to a specification of recursive utility
which can be constructed from two components: a time aggregator that characterizes preferences in
the absence of uncertainty and a risk aggregator that defines the certainty equivalent function that
characterizes preferences over static gambles and is used to aggregate the risk associated with future
utility.(Epstein and Zin 2013)

4Weak instrument: The weak instrument problem is that the instruments picked are not closely
correlated with the endogenous regressors. This problem will hamper the accuracy of the estimates.
This study passes Hansen-J tests to confirm that the model does not suffer from weak instrument
problems.

5SMF: synthetic mutual fund. It is a term usually used in hedge fund or financial market. It
generates a synthetic rate of return, including returns from stock, bonds, bills and etc. Compared with
using one rate as proxy of real return rate, SMF will generate a more accurate number of real return
rate. The calculation function is indicated in 5.4.1
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problem. The weak instrument problem is not the only question we need to ask. The

other question is that if it is good to add some controlled variable into the estimation

function to eliminate some unwanted effects. Gruber (2006)in his study added a vector

of baseline characteristics of households into the estimation function, which actually

eliminated the effects from the heterogeneity of households and generated a more pre-

cise EIS in household level. This indicates that controlled variables can be added into

the estimation function, providing us the support to add economic dummy into the

estimation to eliminate the effect from dramatic macroeconomic fluctuation.

5.3.3 Determinants of EIS

Because of its importance as an economic indicator, understanding the determinants

of the EIS is crucial. Although most of the studies are based on US data, they still

produce different results based on different time magnitudes or different consumption

proxies. For example, in Hall (1988), depending on the time period used, the result

were very different. This fits with the fact that the determinants were not stationary

over time, resulting in heterogeneous EIS estimates. In addition, in Yogo (2004), 11

developed countries with different economic, demographic, and other characteristics

were observed to have different EIS estimates, indicating that there must be some

factors that cause different EIS. This study tries to identify these determinants by

assuming that the EIS varies with time. This assumption is consistent with some

empirical studies, such as Crossley and Low (2011), who found the constant assumption

was indicated to be restrictive. Attanasio and Browning (1993) also found empirical

evidence that the EIS was not constant. Accordingly, if there are determinants causing

the time variation and cross-sectional variation, a panel data set might be useful in

identifying these determinants. This household variations at the micro level has been

indicated by Bonaparte (2009)), who found that households with different wealth levels

had significant heterogeneity in their EIS estimates, implying that wealth level was a

potential determinant of heterogeneous elasticity of intertemporal substitution. Kapoor

and Ravi (2010) exploited a natural experiment provided by a change in the Indian

banking legislation, in which household members over 60 and under 60 (60 is the

baseline of the legislation) had different attitudes towards consumption with different

interest returns, thus generating a EIS of approximately 2.2. Moreover, Havránek

(2015) collected 2735 estimates for 104 countries in different time periods and found that

income and financial market participation are the most significant factors causing the

heterogeneity. People in richer countries were implied to have a higher EIS than those

in poorer countries. The heterogeneity caused by income and wealth level were even
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more significant in household level. All these literature points to a potential conclusion,

the heterogeneity of the economy agents is the main reason for the heterogeneous EIS.

This paper tries to test more potential determinants at the state-level.

5.4 Step1: Estimation of EIS

5.4.1 Model construction for EIS estimation and econometric han-

dling

The EIS is a key component of macroeconomic growth models. Its estimation is based

on the neoclassical macroeconomic model in which an infinite life period is considered.

The target function is:

Max

U =

T∑
t=0

βtu(ct) (5.1)

For simplicity and the convenience of the estimation in this study, we adopt the twp-

period framework as:

Max

U = u(ct) + βu(ct+1) (5.2)

Subject to

ct +
ct+1

(1 +Rt)
= W (5.3)

u(ct) =
c1−θ
t

1− θ
Where U is the lifetime aggregate utility. T is the life length. t is the period of life. u

is the CRRA utility function. β is subjective pure time discounting factor.ct and ct+1

are the consumption today and in the future.Rt is the expected real interest rate at

time t.W is the life time wage. θ is the relative risk aversion

To achieve the maximization, we get The Euler equation as:

u
′
(ct) = β(1 +Rt)u

′
(ct+1) (5.4)

The EIS is defined as the percentage change in consumption growth per percent in-

crease in the net interest rate (because logarithms are very close to percentage changes,

we use the logarithm format to replace percentage change for simplicity).
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so we write the definition equation as:

EIS = σ =
dln(ct+1/ct)

d(1 +Rt)
(5.5)

according to equation 5.4,

1 +Rt =
u
′
(ct)

u′(ct+1)β
(5.6)

Then, we take the natural log,

ln(1 +Rt) = −ln(
u
′
(ct+1)

u′(ct)
)− ln(β) (5.7)

dln(1 +Rt) = −dln(
u
′
(ct+1)

u′(ct)
) (5.8)

we substitute dln(1 +Rt) into equation 5.5,

EIS = σ =
dln(ct+1/ct)

−dlnu′(ct+1)/u′(ct)
(5.9)

We recall CRRA utility function,u(ct) =
c1−θt
1−θ , so u

′
(ct) = ct

−θ. We substitute it into

equation 5.9 and we have,

EIS = σ =
1

θ
(5.10)

Then we need to match the regression function and use it to estimate EIS by empirical

data. We recall equation (1), the Euler equation,and we take its natural log,

−θln(ct) = −θln(ct+1) + ln(β) + ln(1 +Rt) (5.11)

To match the regression format, we divide −θ on both sides and move ct+1 to the left

hand side,

ln(ct+1) = ln(ct) +
1

θ
ln(1 +Rt) +

1

θ
ln(β) (5.12)

we use equation 5.10 to substitute 1
θ ,

ln(ct+1) = ln(ct) + σln(1 +Rt) + σln(β) (5.13)

ln(ct+1)− ln(ct) = σln(1 +Rt) + σln(β) (5.14)
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ln
ct+1

ct
= σln(1 +Rt) + σln(β) (5.15)

ln(1 + gt) = σln(1 +Rt) + σln(β) (5.16)

Where gt is the consumption growth rate of t. Then we use Taylor approximation to

substitute ln(1 +Rt)with Rt

gt = σRt + σln(β) (5.17)

This equation corresponds with the estimation equation indicated in Hall(1988)Hall

1988

∆ct = σrt−1 + k + ε (5.18)

Where ∆ct is the consumption growth rate at year t,rt−1 is the real interest rate at

year t-1. and k is the constant but is correlated with the former regressors and ε is the

error term.

Following this regression equation we can import a time-series data and estimate the

real value of EIS for a certain time period.This is the basic estimation model em-

ployed by many studies.(Hall 1981)(Hansen and Singleton 1983)(Hall 1988)(Mankiw

1981)(Yogo 2004)(Gruber 2006)(Crossley and Low 2011)(Kapoor and Ravi 2010)(Havránek

2015)

Accordingly, the estimation model is set as the following:

gt = σRt + con+ ε (5.19)

Where gt is the consumption growth rate from year t to year t+1.Rt is the real return

rate at year t. con is the constant and ε is the error term. This is not contradicting

with Hall (1988) because the growth rate gt is actually the ∆ct+1 for just different

empirical setting. For a better estimation, we refer to Gruber (2006) to add a control

variable into the estimation model, which is the economic performance dummy. The

reason to add a economic performance dummy is to ease the dramatic impact from

major economic crisis such as the 2008 financial crisis. The model is constructed as the

following:

gt = σRt +Det + con+ ε (5.20)

Det is the economic performance control dummy variable.In hall(1988)Hall 1981, the

real return rate choose 3 different rates, which are treasure bill rate, deposit rate and

stock market return rate. Not all of the three indicators are significant enough for
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the estimation, so in the following literature, economists are indicating that there may

be some other indicator that can be used as the return rate such as the return rate

after tax or according to Dacy and Hasanov (2011) and Gomes and Paz (2013), the

synthetic mutual fund (SMF) rate. It is implied this set up will help overcome the weak

instrument problem. In SMF set up, the real return rate is defined as the following:

Rsmf =

∑
i riai∑
i ai

=
∑
i

ri
ai∑
i ai

=
∑
i

riwi (5.21)

This is from [Dacy and Hasanov (2011)Dacy and Hasanov 2011].Where Rsmf is the

real return rate.ri is the real return of asset i. ai is the asset holding and wi is the asset

weight. Accordingly, the model is now indicated as the following:

gt = σRsmft +Det + con+ ε (5.22)

The regression model is:

gt = β0 + β1Rsmft + β2Det + ε (5.23)

In this model, gt is the consumption growth rate from year t to year t+1. Rsmf is

the SMF return rate. Det is the economic performance control dummy variable. ε is

the error term. However, referring to equation (5.17), the independent variable and

dependent variable in this regression is actually correlated with each other. To overcome

the problem of endogeneity, we refer to Hall (1988),Yogo (2004),Gruber (2006), Gomes

and Paz (2013) and etc and employ GMM method to handle this problem. It is implied

in Gomes and Paz (ibid.) that the reason that Hall (1988) recommend to use lags no

closer than 2 stages as the instrument variable is because of aggregation problem is

quarterly data.Also, referring to Dacy and Hasanov (2011), 2-year-lags to 4-year-lags

real return rate are included in instrument set. Since this paper employ annual date,

there is no aggregation problem as the quarterly data has, so first stage lag to fourth

stage lags variable are used as the instrument variable, which are proved to be efficient

to overcome the weak instrument variable problem in the later Hansen-J test.

5.4.2 Matching data

To match the regression model for the estimation, this paper employs data from public

database. Rewrite the estimation model:
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gt = β0 + β1Rsmft + β2Det + ε

gt: To calculate consumption growth rate, the per capita personal consumption data set

for 51 states from 1997-2018 is extracted from US Bureau of Economic Analysis(BEA).

To eliminate the effect from inflation over years, this paper transfers the value of other

years to their 1997 value by using the US Dollar deflator. Then we use the deflated

consumption value to calculate the consumption growth rate from 1997-2017. gt is the

aggregate personal consumption growth rate at year t. So, 51 data sets are extracted.

Every state is independent from the others.

Rsmft:To calculate the synthetic mutual fund (SMF) rate, the household asset holding

weight needs to be calculated. This paper refers to the Balance sheet of the US house-

hold from the Federal Reserve, in which three main asset formats are picked: deposits

in bank, stock (SP500) and T-bills. Then the return rates for these three main assets

from 1997-2017 are also extracted from the New York University Stern Business School.

Then we follow Dacy and Hasanov (2011) to calculate the real return rate. Rsmft is

the SMF return at year t. The return rate is the same for the 51 states from 1997-2007

because the US states are facing the same financial market with same return rate.

Det: Economic performance dummy. This follows Skrabec Jr (2014). There are two

major economic downfalls for the US from 1997-2017, which are Early 2000s recession,

.com bubble from 2000-2002 and 2007-2009 financial crisis. If year t is in these two

periods, then Det is 1, if not, it is 0.

It is impossible to plot 51 states in the paper, so we plot the US-as-a-whole data to

show the characteristics of the consumption growth rate and SMF rate.
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G1: US data

According to the graphs, personal consumption per capita increased in real terms

between 1997-2018, but there were dramatic downfalls in the early 2000s and late 2000s.

The consumption growth rate and SMF rate are in a same trend, which indicates they

might be significant estimates of EIS.

5.4.3 Estimation analysis and discussion

The estimation data selection based on the criteria as the following:

This data selection is due to the limited data. The estimate of state i at year t will

use the data from 1997 to t. The estimate of state i at year t+2 will use the data

from 1997 to t+2. This set up makes the most use of the limited data. If one more

year included, the effects from this year will be reflected onto the final estimate of EIS.

This difference caused by this year can reflect the trend of EIS changes.The estimation

results are plotted in the graph below. If the estimate for state i at year t is not in

10% significant level, we drop it and leave it blank.

Which is:
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G2:51 states estimates

Because there are 51 states plotted in one graph, it is not clear enough to identify each

state individually, but there are still some potential conclusions that can be drawn.

1) The financial crisis period makes the estimation insignificant mostly because of the

dramatic change in the economic indicators. 2) Though some of the estimates in the

financial crisis are not significant, it is still visible that a general and clear decrease in

the EIS at the post-crisis period for the majority of the states is observed, especially

from 2011-2012, which is considered as the year when the US started to recover from

the financial crisis. 3) In the late 2010s, EISs are relatively constant over time with

relatively small fluctuations. This is potentially because of the relatively stable econ-

omy and also because of the higher number of the observations. However, there are

still significant changes in the EIS estimates.

TThe change of EIS reflects the different risk choosing behaviours of different states

in the US. Basically, all of the states are facing the same return rate change because

no matter the SP 500, 3 Months T-bills or deposit rate, the 51 states are facing the

same US market. However, the consumption change behaviours are heterogeneous from

state to state in both reaction (increase or decrease) and extent. Some states are not as
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sensitive as other states to the economic performance while some states react radically.

If economic performance is the only influential factor of EIS, then all the states should

possess the same EIS change over time, which is observed to be untrue. This finding

indicates that there must be some other determinants of the EIS for different states,

which will be investigated in the next section. Then, some typical state estimates are

elicited from the graph:

G3:Typical states EIS estimates

G3 shows the EIS changes of 9 typical states from 2007-2017, allowing for clearer ob-

servations. We get the following potential conclusions: 1) Basically, all of the 9 states

have experienced an increase in EIS in the period from 2008-2012 from the financial

crisis and subsequent recovery. This indicates that higher financial risk will decrease

the risk aversion of people, which is quite constant with Faff, Mulino, and Chai (2008)

who implied that financial risk tolerance and risk aversion are indeed closely aligned. 2)

There is also significant difference of the EIS change from state to state. For example,

from the graph of Delaware and South Carolina (who both have complete statistically

significant results) the response, in terms of sensitivity and lag time to the financial

crisis, are totally different. South Carolina react quickly to the financial crisis and the

change is sharp while Delaware responded relatively mildly with a longer response time.

The reason behind this difference will be discussed in the next section when we consider

more influential factors of EIS. 3) The differences of states in other time period are also

significant. For example, North Dakota experienced a sharp increase after 2012 while

other states were basically experiencing a mild decrease or fluctuation over that time
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period.

Then we focus on the real value of the estimates. According to G4, the estimates are

basically in the range of 0.1 to 0.4, which are quite constant with previous literature.

The statistic characteristics of the EIS estimates are as below:

T1:Statistic features of states EIS estimates

The statistic indicates that the real values of the estimates are basically in the range of

0.1-0.4, which is constant with the direct observation of graph. This also corresponds

with the value of lower than 0.2 from Hall (1988) who uses the quarterly date of the US.

Also ,this range also corresponds with Mankiw (1981) who claimed the EIS should be

around 0.25 for the US. In addition, this range is also constant with Dacy and Hasanov

(2011), in which a range of 0.10 to 0.32 is indicated.

This statistic analysis indicates some potential conclusion of the EIS. 1) Before the

crisis, EISs are observed in an increase and after the crisis, they are observed in a

decrease, indicating that before the crisis, people are becoming less risk averse and

after the crisis, people are becoming more risk averse. This might explains the reason

of the crisis, risk-loving and speculative investment behaviours.2) There might be a

memory of bad economic situation for the people. This will be tested in the next

section. 3) Heterogeneity is broadly existing in the EIS across states in the US. Though

faced with the same financial market, the behaviours of people in different states are

different according to the estimation. The influential factors and determinants will be

investigated in the next section.
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5.5 Step2: Identification of potential determinants

In Step2, we will try to identify some determinants through literature analysis and

empirical test.

5.5.1 Potential determinants discussion

Across the literature, there are some factors are indicated to be influential in deter-

mining the EIS and risk aversion. Most of the studies are conducted at the individual

level, in which gender, age, wealth and some others are indicated to be a determinant

for individual risk preference. There are also some studies that are conducted based

on macroeconomic data. All these studies indicate that there are some determinants

of risk aversion. The heterogeneity among people does affect the final outcome of risk

preference, as does economic performance. The state-level preference is the aggregate

of the individual preferences, so this study will choose some state level indicators to be

the proxy of the individual indicator. Accordingly, in this study, we will be the first to

test all these determinants in state level data. The inclusion of the potential influential

factors will be comprehensive. This study will include economic factors, demographic

factors, and other risk-related factors, such as natural disasters. In this way, we can

identify the determinants that cause the EIS heterogeneity between states.

5.5.2 Identification of the determinants

In this section, we will build a model to identify the determinants that cause the

heterogeneity of 51 state EISs from 2010-2017.

Model

This model includes economic indicators (Economic development, growth, employment,

tax burden, housing condition and insurance coverage), demographic indicator (Age,

gender, educational background and race) and other risk indicator (natural disasters).

Also, because we cannot eliminate all the heterogeneity of states by including those

indicators, a state fixed-effect model is chosen.
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The model can be written as below:

EISit = β0 + β1Eco
′
it + β2Dem

′
it + β3ND

′
it + ηi + εit

Where EISit is the estimates of EIS for state i at year t. Eco′it is the vector of economic

indicators(Economic development, growth, employment, tax burden, housing condition

and insurance coverage) of state i at year t. Dem′it is the vector of demographic indica-

tors(Age, gender, educational background and race) of state i at year t.ND′it includes

NDit and NDit−1, which are the occurrence of natural disasters of state i at year t and

year t-1 to reflect the current effect and lagged effect from natural disasters. ηi is the

state fixed effect of state i. εit is the error term.

In the panel data regressions, we firstly investigate the economic effects on EIS without

controlling for demographic effects or natural disasters, before gradually introducing

these variables. This multilevel panel regression technique allows us to understand

better the relative effect of different groups of variables on the EIS formation.

Data

All the data are from open public database. Because of the limited availability for

state level data, this study only uses data for year 2010-2017, 3 years less than the EIS

estimates.

EIS: For EIS, this study uses two set of EISs, which are the original EIS estimates with

some missing (insignificant estimates) called EIS(NF). The other set of EIS is the EIS

with missing data filled by principle below EIS(F):
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Where Vt is the filled value for year t, which is a insignificant estimate. Vm and Vn are

two nearest significant estimates for this state at year m and year t.We use this method

to generate anticipations of the insignificant year, which are not exactly correct but do

reflect the changing trend of EIS

Economic:

gdppc: GDP per capita in constant 2012 US dollar. US Bureau of Economic Anly-

sis(BEA). In the regression, we use the logarithm term of gdppc, lngdppc.

rgr: Real GDP per capita growth rate. US BEA

epc: Employment per capita. We use total employment of the state (US BEA) to

divide total population (US Census Bureau (USCB)) of the state.

tr: Tax rate. We use the tax paid per capita (USCB) of the state to divide the income

per capita (USCB) of the state in current US dollar.

uninsured: Percentage of people that are no covered by health insurance, neither public

nor private. (USCB)

hupc: Housing unit per capita. We use the total housing (USCB) unit of the state to

divide total population.

Demographic:

median: Median age of the state. (USCB)

sexratio: Sex ratio of the state. male per 100 female. (USCB)

over25boh: Percentage of people over 25 that hold a bachelor degree or higher degree.

(USCB)

white: Percentage of the people who claim to be White. (USCB)

boa: Percentage of the people who claim to be Black or American Africans. (USCB)

nioa: Percentage of the people who claim to be Native Indian or Alaskan. (USCB)

asian: Percentage of the people who claim to be Asian. (USCB)
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hop: Percentage of the people who claim to be Hawaiian or Pacific Islander . (USCB)

sor: Percentage of the people who claim to be some other races. (USCB)

Natural disasters:

nd: major natural disasters occurrence recorded in Chinoy (n.d.). If there is one

recorded in it, we will add 1 to this indicator

The statistic features of the data are as below:

T2:Statistic features of potential determinants

According to the statistic features table, it is observed that for all these indicators

there is significant heterogeneity among states. For example, the highest GDP per

capita (2012$) reaches 181691 dollars per year in District of Columbia and the lowest

one is only 33144. Meanwhile, median age and sex ratio are also significantly different

from state to state. This is very important because only significant heterogeneity can

explain the differences in EIS estimates among states.
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Result and discussion

Fixed effect multilevel panel regression are employed. The result is indicated as below:

T3:Result 1

According to result 1, for the data set without filling, some determinants are identified.

If demographic and natural disasters are not controlled for and only economic indicators

are inspected, logarithm of GDP per capita, real growth rate, employment per capita

and housing unit per capita are found to be significant in EIS determination. 1) 1 unit

increase in logarithm of GDP per capita will bring an average increase of 0.203 in the
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EIS for 51 states in the US, indicating that people in richer states are more sensitive to

the return rate than people in relatively poorer state. This is consistent with Havránek

(2015), in which richer countries were found to have a higher EIS than poorer countries.

Also, this is consistent literature supporting the reciprocal hypothesis of EIS and risk

aversion stands, such as Riley Jr and Chow (1992), in which both income and wealth

are found to be negatively correlated with risk aversion. Guiso and Paiella (2008) found

the same in their study that risk tolerance increased with wealth, but they emphasized

that it could be that lower risk tolerance wasted peoples opportunities to accumulate

wealth, a mutual causal effect. However, this finding is not supported by Dohmen

et al. (2011) andJin et al. (2017) who claimed no significant correlation between them.

However, these studies are basically conducted at the individual level with risk aversion

measured by survey or experiment while this study is conducted with macroeconomic

data in state level.2) Real growth rate and employment per capita are tested to be neg-

atively correlated with EIS. This supports Shaw (1996) in which the wage growth rate

was positively correlated with peoples willingness to take risks. Furthermore, people

with a better employment environment are less sensitive to return rate change and are

more risk averse. If the inverse relationship exists, this is not consistent with Shaw.

High employment rates will increase the risk tolerance ability of people because a job

means a constant flow of cash that ensure the basic living standards for people so the

EIS is lower. 3) Higher housing unit per capita will significantly increase the EIS and if

the hypothesis holds, decrease the risk aversion. A possible explanation is that people

feel more secure when they have a house to live, thus making them less risk averse.

After introducing the demographic characteristics, lngdppc and rgr become insignifi-

cant. 1) Employment is still a significant determinant for EIS. A higher employment

rate will significantly decrease the EIS. Hartog, Ferrer-i-Carbonell, and Jonker (2002)in-

dicated in their study that self-employed people with no risk of losing their job had

a lower sensitivity to interest rate changes, which supported this result. 2)Housing

unit per capita also significantly increases the EIS as in regression (1). 3) Median age

becomes negatively correlated with the EIS.A 1 year increase will bring 0.0148 decrease

in EIS, indicating that older people possess a higher sensitivity of return change. 4)Sex

ratio and EIS are in a negative correlation, which indicates that female are more sen-

sitive to return rate change but if the reciprocal hypothesis holds, this contradicts the

literature (Ertac and Gurdal 2012; Dohmen et al. 2011; Borghans et al. 2009).

After introducing natural disaster indicators, the ND indicator seems to be insignificant.
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Because Non-fill results are not as informative as the Fill results, we would prefer to

take the Fill results for interpretation. For the data set with fillings, more significant

determinants are identified, especially demographic characteristics. The reason for this

change can be potentially explained that the demographic indicators, such as age, sex

ratio, the percentage of high educational degree or percentage of a certain race, change

only slightly by time, so if there is a significantly large number of observations miss-

ing, the change of these demographic indicators will not be well captured, causing an

insignificant estimate. If only economic indicators are considered, there are also infor-

mative findings. 1) Real growth rate is a significant determinant. 1 unit annual real

GDP growth increase will decrease EIS for 0.217, which means if the economy has a

1% higher growth rate, the EIS of this economy will be 0.00217 lower.2) Housing unit

per capita is still a positive and significant correlation. Better housing conditions will

increase the EIS and decrease the risk aversion of people.

If demographic variables are introduced, 1) rgr and hupc are the same as before. 2)

Median age and sex ratio are consistent with the findings before. 3) States with a

averagely higher education degree is observed to have a significantly higher EIS, but

only in a small extent. A one percentage increase for bachelor holders among people

over 25 years old will increase EIS by just 0.00467, implying that people with higher

educational background are more sensitive to the return rate. Simultaneously, if the

hypothesis holds, this finding will be consistent with Riley Jr and Chow (1992) in which

a negative correlation between education and risk aversion was reported. In Jin et al.

(2017), an insignificant estimate was reported mostly due to the limited sample where

Chinese farmers are targeted, for most of whom, educational background is not im-

portant and also low. However, it contrasts with Guiso and Paiella (2008) who found

that people with a junior high school diploma have a higher risk aversion. Also, Halek

and Eisenhauer (2001) supports this finding. 4) People, classified as White, Black or

American African, Native Indian and Alaskan and Some other race are tested to be

less risk averse to other races.

If natural disaster is introduced, natural disaster variables are still not significantly

correlated with the EIS.
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5.6 Step 3:Is the occurrence of periodic systematic finan-

cial crisis a potential determinant?

In this section, we use limited data to see if the memory of systematic financial crisis

can be a potential influential factor. According to the estimate results before, there

is likely to be a relationship to observe. Though no clear trend is observed for the

changing rate, we can still find something useful. Firstly, the fluctuations of EISs are

higher for the year that are closer to 2008, the financial crisis. Secondly, the density

of positive changing rates are observed to be potentially higher in later years, but this

still needs to be tested empirically.

5.6.1 Model

To test if people are becoming aware of the risk of systematic financial crisis, this study

picks 2008 financial crisis as the case. After controlling economic, demographic, and

other risk determinants, if people do have a memory of systematic financial crisis and

become aware of it, the larger the gap between year t and 2008, the more probable

the people start to realize the possibility of a financial crisis reoccurrence (due to their

cyclical nature). This indicates that if other influential factors are controlled, the

EIS changing rate will be more probable to become positive with the gap increasing.

Accordingly, the model is written as below:

Signit = β0 + β1From2008it + β2Control
′
Ecoit + β3Control

′
Demit + β4Control

′
NDit + εit

Where Signit is the sign of the changing rate for state i at year t. It is generated by

the principle below:

And the gap indicator is generated as:From2008it = t−2008. Control′Ecoit, Control
′
Demit

and Control′NDit are controlled variable group of Economics, demographic and natural

disasters.
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5.6.2 Result and Discussion

Panel Probit regression is employed, the result is as below:

T4:Result 2

For all 3 regressions, From2008 is negatively correlated with the gap between year t

and 2008, indicating that after economic, demographic, and other risk indicators are

controlled for, the probability of people to be more intertemporally-sensitive increases

with the gap. This can be intuitively understood as people are still becoming increas-

ingly sensitive to the change of return rate after recovering from the financial crisis

and thus less risk averse. This paper interprets this result as people forgetting about

the economic cycle and the occurrence of periodic systematic financial crises. They

become less risk averse in the “good” time. This test can be developed in the future. A

comparative test of the elasticity of the EIS changing rate compared to other indicators

changing rate in pre-crisis period and post-crisis period will identify the memory effect

more precisely.

5.7 Step4:Influential factors of risk aversion

All the conclusions about risk aversion above are based on the basic assumption in

classical economic growth model that risk aversion is the inverse of elasticity of in-

tertemporal substitution.
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5.7.1 Reciprocal hypothesis

In section 5.4.1, the reciprocal hypothesis is proved by traditional growth model. So

we recall equation 5.10

EIS = σ =
1

θ

Then,

Risk aversion = RA = θ =
1

σ

Because we have done the determinant test for EIS, now we test the determination of

risk aversion. Because the inverse of EIS will not just generate an opposite-sign result

as the opposite number. The conclusion of determinants of risk aversion is totally based

on the reciprocal assumption.

5.7.2 Model, result and discussion

The regression model follows the above:

RAit = β0 + β1Eco
′
it + β2Dem

′
it + β3ND

′
it + ηi + εit

The only change is that we substitute EIS with RA, which is the inverse of EIS. The

result will be discussed on the assumption that the reciprocal assumption is empirically

correct.

The results are as below:
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T5:Result 3

All the results are based on one simple assumption from the classical growth model

that risk aversion is the inverse of EIS, so we take the inverse of the EIS for states at

different times and regress this with the other independent variables. From the result,

we can draw some conclusions.

We still focus on the results with fillings because of the reason mentioned in section

5.5.2. If only economic determinants are considered, real growth rate, employment

and housing unit per capita are significant determinants. 1) Higher growth rate brings

higher risk aversion. 2) Higher employment brings higher risk aversion. The mecha-
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nism behind these two findings is not yet clear. The possible explanation is that people

in a state with a higher growth rate and better employment conditions are faced with

more pressure and are more risk averse. Stable and prosperous lives are what they

expect. 3) Higher housing units per capita decreases risk aversion. This implies the

importance of living condition in determination of risk preference of people.

If demographic group is introduced, median age, sex ratio, educational background

and race become significant determinants. 1) The higher the median age is, the higher

the risk aversion is, indicating that older people are more risk averse than the young.

2) Males are more risk averse than females from the macroeconomic perspective. 3)

People with higher education are observed to have a lower risk aversion, consistent

with studies before. 4) The people who claim themselves to be white, black, or African

American and Native Indian or Alaskans are observed to have lower risk aversion than

other races, such as Asians, Native Hawaiian or Other Pacific Islander and those who

claim to be not included in the races above.

Natural disasters are not a significant determinant.

5.8 Conclusion

This chapter employs macroeconomic data across the US to estimate the elasticity of

intertemporal substitution for all 51 states. After that, this study collects economic,

demographic, and natural disaster data at the state level and tries to identify the de-

terminant effect from these indicators. The results inform the following conclusions.

1) The EISs of different states have significant heterogeneity, indicating that the con-

sumption choices of different states under the same return system differ to a significant

level. 2) Economic performance has a significant impact on EIS. An economic downturn

will increase the EIS significantly, suggesting that bad economic performance makes

people more risk averse. 3) Economic, demographic, and natural disasters indicators

do affect the formation of the EIS. Real growth rate, housing unit per capita, median

age, gender and races are significant determinants of the EIS in different models. Some

findings are new, and some findings are consistent with the previous literature. 4) After

controlling for economic, demographic, and natural disaster variables, the likelihood of

people becoming less risk averse (i.e. higher EIS) rises as the gap between the most
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recent year and 2008 financial crisis becoming larger, indicating that people have the

tendency to forget about periodic systematic financial crises. 5) Heterogeneity in risk

aversion could be affected by different demographic, economic or other factors.

Some of the determinants identified by this study have also been identified by other

studies, but there are still some new variables, such as housing condition, that has not

been identified before. Moreover, the majority of the results are drawn from individual-

level studies, such as survey or experiment, but this study uses state-level data sets to

test these hypothesis, which are proved to be basically consistent with individual level

studies. The most significant advantage of this study is that the results drawn from

macroeconomic data will be more informative for policy makers. Policies introduced

based on individual-level studies will be easily biased because of bias samples but state-

level result has already included all population as a whole, eliminating potential sample

bias. It would be easier for policy makers to introduce policy based on state level data

with no significant bias. Since the is an important component of the SDR, its formation

is also important in the determination of SDR, a guiding indicator for social discounting.

After we identify these determinants, if the EIS needs to be adjusted, policy makers can

use some policies to influence economic, demographic, or other indicators to achieve

risk preference adjustment among people, which could be slow but will be effective. In

conclusion, there are many informative results produced in this study, which are also

useful for policy makers. The identification of risk preference determinants helps the

policy discussion in the next chapter.

5.9 Discussion and future research

There are also some improvements. Firstly, the instruments choice still needs more

discussion to better overcome the endogeneity with a even better variable. Secondly,

the data employed in this study is still limited because of the limited accessibility of

state-level data. Thirdly, there might be some missing variables, also because of the

limited accessibility of data. Lastly, the method of identifying determinants could be

improved, such as adding more controlled variables.

Future study will focus on two aspects. 1) Try to find more data, such as US state- level

data across more years, more correlated variables or other countries data or 2) Improve

the methodology. For example, the test of memory might be achieved by testing the
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elasticity of the changing rate of EIS to the changing rate of other indicators pre and

post crisis. 3) Assess if it is possible to test EIS and risk aversion respectively by

employing different utility models, such as Epstein-Zin Utility function.
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Chapter 6

Social discount rate formation,

dynamic preference and policy

implications for Dynamic Social

Discount Rate

6.1 Introduction to chapter 6

In this chapter, we will try to project the SDR of the US by utilizing the Ramsey

rule based on the understanding of determinants identified in previous chapters. In

addition, a system of a dynamic SDR will be introduced. This chapter will utilize

the findings in previous chapters and apply real-world policy implication. We hope to

develop a system that guides the society to discount in a more measured and effective

manner.

6.2 Social discount rate

Social discount rate formation will be discussed in this section again.
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6.2.1 Introduction

In the previous chapters, we separately discussed the potential determinants of time

and risk preferences, so how will these time-inconsistent dynamic preferences shape the

final outcome of SDR? An appropriate choice of SDR will be an instructive referential

economic indicator for governments and will be a instructive guide for individuals

to plan future cash flow. From the perspective of a government, the choice of SDR

determines the acceptance or refusal of a public project(Abelson and Dalton 2018).

From this perspective, the choice of SDR will, in the short term, affect the consumption

and saving decisions of individuals and, in the long term, shape the attitudes and

behaviors towards future generations. Therefore, the choice of SDR is both essential

and important for a society. According to G1 in chapter 2, the choice of SDR can

be estimated by three main methods. These methods indicated by Gollier (2013)and

Broome (1992) reflect that there are different conceptual understandings of the SDR.

The four concepts of SDR are implied by Abelson and Dalton (2018). The first concept

is that the SDR can be regarded as the private time preference rate (PTPR), the rate

that individuals are willing to forego current marginal consumption for increased future

marginal consumption. The Second concept is that the SDR is a social time preference

rate (STPR) which depicts the value that society places on present consumption relative

to future consumption (Hashimzade, Myles, and Black 2016). The third concept is that

the SDR is the rate of opportunity cost of capital (OCC)1 based on the return rate of the

best alternative project. The last concept is that it is a weighted cost of funds discount

rate with the weights that reflects how much the target project expenditure displaces

current consumption. This is also consistent with Akbulut and Seçilmiş (2019) who

also claimed the same four methods to identify an appropriate SDR. Different concepts

and methodologies to identify the SDR naturally generate different SDRs, meaning

this is an area of active debate. The most famous discussion is the so called “Gamma

Discounting” by Weitzman (2001), which collates the opinions of 2160 economists from

around the world to form a consensus; his study finds the average answer is a 4%

SDR. It also implied that though some economists believe in a constant SDR over

time, a declining SDR from a shorter horizon to a longer horizon is observed. When

it comes to the estimation of the SDR for different countries, most of the literature

uses STPR as the concept of SDR(Kazlauskiene and Stundziene 2016; Akbulut and

Seçilmiş 2019; Abelson and Dalton 2018).For identifying STPR, two main methods are

suggested byAkbulut and Seçilmiş (2019). First is to use the after-tax rate on risk-free

1OCC:opportunity cost of capital. It is the minimum potential opportunity return that investors
expect for providing capital to the company based on current return rate, thus setting a benchmark
that a new project has to meet.
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government bonds and second is to use the Ramsey Rule.In the following sections, we

employ Ramsey Rule as the base model for the projection.

6.2.2 Identification of SDR

In this section, three essential questions about SDR estimation will be discussed, sub-

ject, methodology and calibration.

Subject:Discussion on STPR and PTPR

We previously discussed which method we should utilize to estimate the SDR, compar-

ing theoretically-based calculations with more observation-led methods. In this section,

besides the methodology to identify it, the rationality behind the choice of STPR was

explained. Abelson and Dalton (2018) implied that the PTPR reflected a very high,

short-term, time preference rate possible due to impatience (pure time preference), liq-

uidity constraints or both. This finding is consistent with the findings in Chapter 4, in

which we employed a survey to investigate the pure time preference rate among indi-

viduals in China. We found in the study that the actual time preference of individuals

was extremely high, for example 30% or even higher, generating an abnormally high

SDR which would not function well as an indicator for future welfare. The mechanism

behind this abnormal high value of individual time preference is consistent with Abel-

son and Dalton (ibid.),who suggested that PTPR may function better as a reflection

of the liquidity constraints and impatience of individuals especially when most of the

surveys use money for the trade off questions. In chapter 4, we also tried not to use

money in the survey questions and used welfare of human beings, such as the trade off

between current death and future death. The human welfare survey produced stifling

results overwhelmingly expressing the view that protection of the current generation

is of greater significance than the welfare and protection of future generations. Most

people portrayed selfish viewpoints because of the limitation in viewing the future in

a real and sensible way and the unwillingness to sacrifice current utility. We have to

admit that this value of time preference is the actual demand of society, so should the

policy maker adopt PTPR as SDR and “fulfill” the demand of the people? The answer

is, of course, nuanced. For example, if the project that we are investigating is designed

for the convenience of the people in a community, then employing a high PTPR as

the SDR is appropriate because it serves the people in the community in the visible,

short term future. However, if we are looking at a global welfare project, such as cli-
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mate change mitigation or Chernobyl nuclear waste disposal, should the policy makers

just “listen” to the people and adopt PTPR as SDR? The answer is No. The lack of

sensibility of future welfare and shortsightedness of people suggest that the public will

not sacrifice their own current utility for utility of future generation. Additionally, for

example, people who are far away from Ukraine will not prioritize the nuclear disposal

in Chernobyl as there is a lack of relevance to that community and immediate short

term impact. So, if we simply adopt the PTPR as the SDR for all project valuations

we will likely find a situation where most projects concerning future welfare will not be

approved because they fail to pass the cost-benefits valuation, hampering future wel-

fare. However, we cannot simply adopt the STPR as the SDR because this could lead

to some projects (especially some projects in a shorter time horizon) will get approved

even though they will not generate a positive profit under the market rate, causing

financial deficit for the government.

The contradiction between “demand of the people” and “rational consideration” de-

termines that the SDR will not be estimated and utilized by one simple approach.

That is why, in Stern (2007), when the SDR for climate change was discussed, only

the probability of the extinction of the human is included in the pure time preference

rate because, in the case of climate change, the utility of current and future generations

should be treated equally. Alternatively, in other SDR estimation studies(Daneshmand,

Jahangard, and Abdollah-Milani 2018; Kazlauskiene and Stundziene 2016), death rate

was considered as one component of the time preference. This difference is because of

the different context of the study. In conclusion, different projects should be treated

differently being careful to form the SDR from a composite and relevant set of criteria

best suited for the outcomes and goals of the project in question. This conclusion is

consistent with Boardman, Moore, and Vining (2010), who produced the flow chart

below. It divided projects into two types, intragenerational projects (those with a

threshold under 50 years) and intergenerational projects (those with a threshold over

50 years). Furthermore, it also considered whether or not a private investment was

crowded out. A flow chart like this is more practical for policy makers than just simply

adopting a one-approach SDR.
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G1: Flow chart of SDR choice(Source: Boardman, Moore, and Vining (2010))

Methodology: Which method to adopt?

In previous sections, we discussed which scale we should investigate to estimate the

SDR, individuals or society. In this section, we will focus more on the methodology to

identify the real value of the SDR. The literature discusses two main methods for eval-

uating the SDR: either via direct observation or by theoretical intuition. Observation

includes calculating the opportunity cost of capital, observing market rates or estimat-

ing the PTPR. In fact, observing is a method that we use the market fact to estimate

the SDR. It is because that we are in a New-Keynesian World with real interest rate

determined not totally endogenously. This distortion of governments and the central

bank actually hamper the ability for SDR to indicate the future welfare whilst making

it more like a referential indicator for short term consumption allocation. Compared
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with observing, using the Ramsey Rule to estimate STPR as SDR is a neoclassical

set-up and is more about welfare. Utilizing the Ramsey Rule for future cost-benefit

analysis is relatively more forward-looking. When it comes to future welfare, distortion

from short term financial impact should be alleviated as much as we can. In this case,

OCC and STPR are in different economic latitudes. OCC is based on real world returns

while STPR is an analytical expectation based on neoclassic economic models. Differ-

ent studies choose different approaches to SDR estimation, both of which are feasible

and reasonable. The choice of approach should be considered based on the discipline

that the estimated SDR will be applied to.

Here, we will address the STPR approach through Ramsey Rule. The theoretical

framework and the calibration of parameters will be thoroughly discussed. Before

utilizing Ramsey rule, the analysis of the neoclassic growth model is essential. Ramsey

Rule is derived based on classic economic growth model, in which real interest rate is

determined endogenously, which is reflected in the Ramsey Rule in that the real interest

rate is determined by the growth rate of consumption and technology. This indicates

that the formation of the SDR under a neoclassical model is an endogenous process if

the risk and time preference stay constant overtime as per the assumptions. The SDR

will only be affected by the technology growth rate, which is the development of the

economy. The neoclassical model:

V =

∞∑
t=0

e−δtU(ct)

U(ct) =
c1−γ
t

1− γ
V is the aggregate utility about future and now. U is the utility function. ct is the

consumption of time t with growth rate g. δ is the pure time preference rate. γ is the

risk aversion parameter. The Ramsey Rule then indicated as the following:

r = δ + γg

r is the real interest rate in neoclassical model and also the SDR under the STPR

concept. As most of the studies do, δ and γ are estimated based on previous data

and assumed to be constant overtime then a SDR can be estimated. According to

the Ramsey Rule, three major components are identified, pure time preference rate,

the risk aversion parameter and consumption growth rate. In this case, calibrations of
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three parameters are important to estimate SDR for an economy. The following part

will discuss the calibration process for different studies.

Calibration: Calibration of parameters

Daneshmand, Jahangard, and Abdollah-Milani (2018) tried to calibrate the three com-

ponents to estimate the SDR for Iran, using the STPR approach, which is roughly

equivalent to an extended Ramsey rule. In this study, they employed the extended

version by Gollier (2013) and also the version used in chapter 3 of this thesis, which

assumed the growth rate of consumption to follow a normal distribution in the future.

1) For pure time preference rate δ, this study directly follows Stern (2007), in which the

probability of death was regarded as the pure time preference for long-term SDR. They

collected data from 1990-2015 and estimated the death rate of the time period to be

0.53%. 2) For elasticity of the marginal utility of consumption, also the risk aversion

parameter in CRRA utility function, they adopted a version of the Fellner demand

model2 extended by Kula (1984) because they indicated as did Groom and Pr (2019)

argued, that in the case of some developing countries, the Frisch additive-preferences

approach 3might be the only feasible means of estimating the elasticity of the marginal

utility of consumption. They collected Per capita real consumption of food, Per capita

real income and Price of food relative to non-food from 1990-2015 in Iran and used

ARDL model4to estimate γ to be 4.226. 3) For consumption growth, they collected

consumption growth rates from 1990 to 2015 and calculated the average consumption

growth rate. After the calibrations, they estimated the SDR to be 5.79% with a confi-

dence interval of [4.5%,7.8%].

Kazlauskiene and Stundziene (2016) estimated SDR for Lithuania by the approach

of STPP. 1) For pure time preference they employed average death rate as the proxy,

which was 1.37% in the target time period. 2)For γ, they did the same as Daneshmand,

Jahangard, and Abdollah-Milani (2018) did by using the Frisch additive-preference

approach. The estimated values of γ range from 0.4660 to 0.6593. 3) For consumption

2Fellner Demand: The Fellner model is based on the demand for want-independent consumer
goods.(Fellner 1967)

3Frisch additive preference: Additivity implies that the extra utility obtained from consuming ad-
ditional units of the additively separable commodity is independent of the quantity consumed of any
other commodity.(Groom and Pr 2019)

4ARDL:An auto-regressive distributed lag (ARDL) model is an ordinary least square (OLS) based
model which is applicable for both non-stationary time series as well as for times series with mixed
order of integration.(Shrestha and Bhatta 2018)
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growth rate, they estimated the average growth rate to be 4.5% for the target time

period. Thus the three calibrations generate a SDR from 3.47% to 4.34% for Lithuania.

They also concluded SDR estimations from other literature, which helps a lot in the

study.

T1: SDR estimations (Source: Kazlauskiene and Stundziene (2016))

Therefore, SRTP and SOC5 are the two possible ways to estimate SDR with SRTP

being the dominant method.

Akbulut and Seçilmiş (2019) estimated SDR for Turkey.1)For pure time preference,

they also employed death rate 0.579% of Turkey from 2002-2015 . 2) For elasticity

of marginal utility of consumption, they used two methods for estimation, personal

taxation method and food demand method.γ is estimated to be 1.2042 and 1.0580 re-

spectively. 3) The growth rate is calculated to be 3.23% per year. Accordingly, SDR

is generated as 4.88% and 4.41% respectively for these two methods.

Abelson and Dalton (2018) c) estimated SDR for Turkey. 1)For pure time preference,

they also employed the Turkish death rate of 0.579% from 2002-2015 . 2) For elasticity

of marginal utility of consumption, they used two methods for estimation; personal

5SRTP: Social rate of time preference. SOC: Social opportunity cost of capital
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taxation and food demand. γ is estimated to be 1.2042 and 1.0580 respectively. 3) The

growth rate is calculated to be 3.23% per year. Accordingly, the SDR was generated

to be 4.88% and 4.41% respectively for these two methods.

Abelson and Dalton (2018) chose the Alternative Project Rate of Return (APRR) ap-

proach6, one of OCC approach to SDR estimation. They claimed that using the social

Time preference rate as the SDR would produce a much lower value than the OCC

approach, thus causing inefficient valuation of projects assessed in current situation

and encouraging projects with low returns. They observed the market rate and elimi-

nated the effect from risk, concluding an appropriate SDR for Australia is 6.5%, with

a sensitivity range of 4.5% to 8.5%.

Zhuang et al. (2007) described some approaches to SDR estimation. They collected the

data of approaches to SDR estimations from many studies, including the calibrations of

pure time preference (utility discounting factor) and risk aversion parameter (elasticity

of marginal consumption). There are two major arguments of calibration of δ, one

of which insisted the probability of death of ordinary people in the economy should

be the pure time preference rate, and the other of which claimed that the extinction

probability of the human race should be regarded as the pure time preference rate.

As for γ, few methods are summarized in the table, such as survey, constant elasticity

demand model, almost ideal demand system, life time consumption model and so on.

The value estimated also ranges from nearly 1.0 to approximately 4.0. The concluding

table is as the following:

6APRR:One of the OCC approaches, to measure the cost of another similar project to estimate the
cost of the current project
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T2: Calibration of δ and γ (Source:Zhuang et al. (2007))

This table is basically consistent with table 1 in the approaches and values. Time

preferences and risk aversion were described in the table which includes basically all

the major studies. Pure time preference was indicated to be in a range between 0.1%

and 3% and risk aversion parameter was implied to be in the range of 0.2 to 4. In

addition, they surveyed in many previous studies on their approaches and calibrations

and concluded that for developed countries, a lower SDR (3%-7%) should be applied

while for developing countries, a higher SDR (8% to 15%) should be utilized.

Moore and A. Vining (2018) ) used an STPR approach to SDR estimation of the United

States. 1) For pure time preference rate δ, they emphasized that a unanimous positive

value should be adopted for intragenerational SDR because the current generation pre-

fer to consume sooner. However, for intergenerational SDR, they claimed that there

had been considerate debate about if the value should be adopted as 0, a value that

would generate an irrationally high saving rate that had never been observed in the

real world. They addressed that the proposed value should not be too inconsistent

with the observed, aggregate behaviors among people. Hence a pure time preference of

1 was proposed in their study though they implied that treating happiness per utility

of different generations to be different is ethically unconscionable. 2) As for elasticity

of marginal utility of consumption, there are 4 methods indicated by them, consistent

with T2. They claimed that estimating γ based on aggregated evidence of stated pref-

erences for smoothing consumption would be the best choice because STPR should
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be the aggregated behavior of individuals, so survey data from Layard, Mayraz, and

Nickell (2008) was adopted. They concluded from the previous literature and picked a

central value to be 1.35. 3) As for the growth rate, they also employed historical eco-

nomic data of the US and indicated a 2% growth rate with sensitivity analysis in the

range of 1.75% to 2.25%. Accordingly, a SDR equal to 3.5% with sensitivity analysis

in the range of 2.5% to 5%.

Boardman, Moore, and Vining (2010) estimated SDR for Canada by STPR method.

1) For δ, they adopted average death rates in Canada as the proxy of instantaneous

probability of death of people in Canada and chose an approximate value 1. 2) For

elasticity of marginal utility of consumption, they inferred social preferences for reduc-

ing inequality from the progressivity built into the income tax schedule and adopted

1.5%. Growth rate is as same as previous literature. Thus the calibrations generate an

SDR equal to 2.5% with sensitivity analysis at 2.5% to 7.0%.

Evans (2004) and Percoco (2008) did the same for SDR estimations for France and

Italy, 3.8% and 3.8% were indicated respectively.

In this section, two fundamental and popular methods of SDR estimation are discussed,

the OCC and STPR approaches. Most of the studies employ the STPR approach,

because they imply that OCC approach places too much importance on the current

return rather than welfare in intergenerational considerations.

Pure time preference calibration and dynamics

The calibration of the pure time preference δ has always been a huge debate among

economists. Should we treat the utility of future generations as the same as ours?

Should we just simply adopt probability of death as the pure time preference rate as

Stern (2007) and others did and just completely ignore the truth that current consump-

tion does bring higher utility than the same amount of future consumption? Or should

we just follow our own preference to achieve immediate utility and adopt a high value

of δ? These essential and fundamental questions have always been the central question

of the calibration.

We firmly believe that a comprehensive and universal calibration of pure time preference
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is not the best choice. When we evaluate a project and select an appropriate SDR for

it, the characteristics of the project should be considered comprehensively. Before we

talk about how we implement different δ based on different project characteristics, the

formation of the pure time preference rate δ should be explored. The utility discount

rate (pure time preference rate) should include two elements, the chance of extinction

(for an economy or human beings) or death (for individuals) and the pure preference of

current consumption, consistent with the work of Kazlauskiene and Stundziene (2016).

This has also been indirectly suggested byMoore and A. Vining (2018), who believed

that just considering the probability of death ignored a truth that current consumption

was preferred. The pure time preference should have two properties, one of which is

that it reflects the preference of current consumption and the other of which is that it

should consider the probability of extinction.

These two properties of pure time preference are the fundamental reason why we adopt

different values for different project. For example, when undertaking cost-benefits

analysis for a century-long project, such as climate change mitigation, should we place

greater emphasis on future utility rather than instant utility of the current generation?

The answer is absolutely yes. However, when we evaluate a project that may only

operate for 50 or 100 years, should we completely neglect the demand of current gener-

ation? The answer is definitely no. We believe that the subject that the SDR utilized

to is the key to determine the calibration of pure time preference. This opinion has

also been indicated byBoardman, Moore, and Vining (2010) to propose a different SDR

for different projects with different time horizons. This is consistent with the claims of

Cropper, Freeman, et al. (2014) and Arrow et al. (2014) that a declining SDR should be

adopted by government, in keeping with our previous discussion on calibration of pure

time preference rate where we concluded that for a long term future welfare project, we

should adopt a lower pure time preference and sacrifice more of the current generation.

Moreover, in most of the SDR estimation studies, a constant δ seems to be an unwrit-

ten rule. This is also the assumption in the neoclassic economic growth model, where

δ is treated as a given, exogenous and constant number such that the dynamics of the

economics shall not affect the value of it. This is also what the majority of the SDR

estimation studies do, by estimating the parameter δ from historical data to generate

one solid constant SDR to represent the value of SDR for that whole time period. How-

ever, is the SDR constant over time and is the pure time preference constant over time?

Our review of the theory and literature suggests not. For example, Rambaud and Tor-
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recillas (2005) claimed in their study that the SDR should not stay constant over time,

contradicting other literature from the fields of Economics and Psychology.Arrow et al.

(2014) also suggest the SDR declines over time. In chapter 3 and chapter 4, we produce

strong evidence suggesting that there are many significant economic, demographic and

even psychological factors that affect the real value of pure time preference. Given

that society is composed of individuals, it is intuitive that the degree of heterogeneity

amongst the individuals will dynamically determine the value of pure time preference.

For example, we cannot expect an 80 year old man with no education and no money to

have the same attitude towards the future as a 20 year old millionaire at Harvard Uni-

versity. .Because the society is comprised of these individuals, the dynamic change in

demographic proportions and values among individuals will thus affect the aggregated

preference of the society, leading to an inconstant pure time preference and generating

an time-inconsistent SDR. This is the core argument of previous chapters. Chapter 3

identified both time-relevant and cross-sectional heterogeneity and Chapter 4 focused

on individual differences.

Risk preference calibration and dynamics

the larger the γ is, the more concave the function is, indicating that the risk tolerance of

smoothing intertemporal consumption is lower. The calibration of it is not as complex

as pure time preference δ because the understanding of it is basically universal and

uncontroversial. The only discussion concerns the method to identify it. The methods

are specifically indicated in Groom and Pr (2019). There are four major methods.

1)Estimating γ from Income Tax Schedules: The Equal-Sacrifice Approach. This is

an approach that measures societys inequality aversion then to match γ. The inequal-

ity aversion in the society is also an understanding to γ (Gollier 2013). 2)Life-Cycle

Behavioral Models: The Euler-Equation Approach. This method employs the Euler

equation and linearizes it to match the data. A regression between consumption growth

rate and real interest rate will generate the EIS parameter, which is the reciprocal of

γ in the neoclassical economic model. This has been used in Chapter 5. 3)Additive

Preferences and the Frisch Formula. This method has been employed by Daneshmand,

Jahangard, and Abdollah-Milani (2018),Kazlauskiene and Stundziene (2016) and the

other. 4)Measuring the Coefficient of Relative Risk Aversion Using Insurance Data.

This method employs insurance data to test the relative risk aversion in the insurance

industry, which will reflect risk aversion in society. The final method that was not

mentioned in Groom and Pr (2019), but is discussed in other literature, is the use of

surveys or experiments, although this will generate a more subjective risk aversion.

136



The understanding of γ is not as controversial as that of δ. We can use a reasonable

and convincing method to calculate the value of it easily. In T2, the value of γ ranges

from 1.06 to approximate 4.0.

Similarly, the dynamics of γ also needs to be considered. Similarly to δ, the risk

aversion parameter is given exogenously and is assumed to be constant over time. This

implies that we can simply regard the risk preferences of people now and people in 2100

to be the same. Rationally speaking, this is not convincing. Economic performance,

demographic structure and other factors change over time, thus causing a changing

attitude to risk. In Chapter 5, we also observed a non-constant EIS over time in the

United States. In this case, considering the dynamics of risk aversion parameter in

SDR estimation is a necessity. As discussed in Chapter 5, the literature has identified

many determinants of risk aversion and risk tolerance. A dynamic risk aversion will

capture the real attitude of the society to risk and help generate a more specific and

accurate SDR.

6.3 Create a dynamic social discount rate

In this section, we will create a theoretical framework for the dynamic SDR. The

Ramsey rule is still the baseline model.

6.3.1 Theoretical framework

According to the previous chapters, the time and risk preference are affected by many

other factors (e.g., economic, demographic etc.). Because these indicators change over

time, the dynamic SDR (DSDR) is a better option to capture real-world discount-

ing behaviours. This is supported by Rambaud and Torrecillas (2005) who claimed

that there is much empirical evidence suggesting inconstant discounting in human be-

haviours, again supporting a DSDR. In this chapter, we try to estimate the DSDR by

establishing a SDR with dynamics over time, using the Ramsey Rule as the basis. For

year t-1 and t, we have the SDR as the following:

SDRt = δt + γtgt (6.1)
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SDRt−1 = δt−1 + γt−1gt−1 (6.2)

δ,γ and g are still the pure time preference, relative risk preference and consumption

growth rate ,but in this model, with time fluctuation. If we want to get a time-series

derivation of SDR and SDRt−1,we use SDR to minus SDRt−1:

SDRt − SDRt−1 = ∆δt−1 + [(γt−1 + ∆γt−1)(gt−1 + ∆gt−1)− γt−1gt−1] (6.3)

∆δt−1,∆γt−1 and ∆gt−1 are the changes of these three components from year t-1 to

year t. After simplifying, we deducted γt−1gt−1 and have:

SDRt = SDRt−1 + ∆δt−1 + gt−1∆γt−1 + γt−1∆gt−1 + ∆gt−1∆γt−1 (6.4)

And here we assume there are totally I factors that affect time preference, {T1,...,Ti}
with effect {α1,...,αi} and K factors that affect risk preference, {R1,...,Rk} with ef-

fect {β1,...,βk},so the total change of time preference∆δt−1 and total change of risk

preference ∆γt−1 can be expressed as:

∆δt−1 =
i=I∑
i=1

∆Tit−1αi (6.5)

∆γt−1 =

k=K∑
k=1

∆Rkt−1βk (6.6)

And we substitute ∆δt−1 and ∆γt−1,

SDRt = SDRt−1+(

i=I∑
i=1

∆Tit−1αi)+(gt−1

k=K∑
k=1

∆Rit−1βk)+(γt−1∆gt−1)+(∆gt−1

k=K∑
k=1

∆Rit−1βk)

(6.7)

This is the expression of the dynamic model of social discount rate. SDR in year t will

be affected by the changes and values of influential factors in year t-1. In this way, a

dynamic social discount rate (DSDR) is generated.

6.3.2 Simulations

In this section, we will refer to the DSDR model to do simulations based on different

settings. We recall the baseline model 6.1:
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SDRt = SDRt−1+(

i=I∑
i=1

∆Tit−1αi)+(gt−1

k=K∑
k=1

∆Rit−1βk)+(γt−1∆gt−1)+(∆gt−1

k=K∑
k=1

∆Rit−1βk)

The starting year is 2018 with a 3.5% social discount rate. Also, we have the following

assumptions for the simulations. 1) GDP growth is a constant number but the value

ranges from -2% to 5%. It depicts 4 different countries, country with fast economic

development (such as China and India etc), countries with mild economic development

(such as the US), countries with minor economic development (such as most European

countries) and countries with economic degradation (such as some African countries).

2) There are 4 influential factors, {T1(t), T2(t), T3(t), T4(t)} that affect time preference.

T1(t), T2(t), T3(t), T4(t) change with time with different trend, such as linear increase,

linear decrease, logarithmic increase, logarithmic decrease or exponential increase etc.

This assumption is consistent with the risk preference with {R1(t), R2(t), R3(t), R4(t)}.
3) The effect parameter vector is generated randomly. The number is in different mag-

nitudes. According to the previous chapters, the magnitude of parameters should be

small so we pick some numbers with small absolute values. The effect vector for Tit) is

{0.001, 0.001, 0.001, 0.001} and the effect vector for Ri(t) is {0.001, 0.001, 0.001, 0.001}
. All the effects remain constant and do not change over time. The simulation results

are indicated below:

The simulation function for Ti(t) and Ri(t) are picked to mimic the different changes

in different influential factors. Some of them change in logarithmic trend while some

of them change in linear or exponential trend. Referring to the DSDR determination

function, we just need to identify the change value ∆ and the absolute value of γ2018

and g2018. γ2018 is assumed to be 1.2, which is a rational number according to T2.

The simulation function and effect vectors are indicated as the follows:

The time preference determinant change term determination function:

∆T1(t) = 1
t−1917 /∆T2(t) = 0.1 /∆T3(t) = 1

t−2007 /∆T4(t) = 0.9− 0.0005(t− 2018)

These Functions are just used to simulate the function of change over time of several

determinants. For example, function∆T1(t) = 1
t−1917 is used to simulate a determinant

with a determine function with characteristics that T
′
1(t) > 0andT

′
1(t) < 0. Function

∆T2(t) = 0.1 simulates a determinant that is constant over time. ∆T3(t) = 1
t−2007 is

basically same as function 1, which are more like a first order derivative of a logarithmic
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determination function. Function ∆T4(t) = 0.9 − 0.0005(t − 2018) is used to mimic a

change function of a quadratic form of determination function

Again, we use the same method for the risk preference determinant change term deter-

mination function:

∆R1(t) = 0.01 /∆R2(t) = −0.001(t − 2017) /∆R3(t) = 1
t−1867 /∆R4(t) = −0.012 −

0.001(t− 2018)

Effect vectors combination 1:

Effect vector for Ti(t) {0.001, 0.001, 0.001, 0.001}

Effect vector for Ri(t) {0.001, 0.001, 0.001, 0.001}

According to results 1, under this setting, we have the following findings. 1) The SDR

increases with declining marginal effects when the GDP growth is positive. 2) SDR

increases faster when the GDP growth is lower, implying that countries developing

slower may have a higher SDR in the future. 3) SDR decreases with time after 2100

when the GDP growth is 5%. All these findings are based on the outlined assumptions.

If these parameters change, then these findings are not consistent.
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G2: simulation results 1

Then we change the effect vectors to Effect Vectors Combination 2:

Effect vector for Ti(t) {−0.001,−0.001,−0.001,−0.001}

Effect vector for Ri(t) {−0.001,−0.001,−0.001,−0.001}

According to results 2, with no change in the influential factor functions and changes

in the effect vector, the results are a little different. 1) The SDR of countries with a

141



higher GDP growth rate decrease slower. 2) The SDR of countries with negative GDP

growth decrease faster. All these findings are only valid under this setting.

G3: simulation results 2

Then we change the effect vector to a mixture of positive and negative effects as Effect

Vector Combination 3:

Effect vector for Ti(t) {0.001,−0.001, 0.001,−0.001}
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Effect vector for Ri(t) {0.001,−0.001, 0.001,−0.001}

The result is implied below:

G4: simulation results 3

For results 3, the basic conclusions are consistent with those of results 2, although

we can also make some additional conclusions. 1) The positive effect vector will drive

the SDR higher. 2)Similarly, a negative effect will drive the SDR lower. 3)Different

influential factor functions also play an important role in the determination of DSDR.
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These are only simulations based on assumptions, we will mimic the real world situation

in the following sections.

6.4 Example of a DSDR Implication

Before we talk about the implication of dynamic time and risk preferences, the most

important problem is how do we predict the future. Will the future operate the same

as how it does now? Will the future become better or worse? Only if these questions

have been answered can we forecast the dynamics of the SDR.

6.4.1 Time preference determinants

In this section, the time preference determinants are predicted based on US historical

data and USCB demographic projection data. Studies in the first three chapters indi-

cate that there are some factors that affect the formation of the pure time preference.

Also, these influential factors are not constant, a dynamic pure time preference rate

over time is implied. This section will investigate the possibility of utilizing a dynamic

pure time preference.

The key problem of setting up a dynamic pure time preference rate is estimating its

determinant function to allow the rate to change as the underlying factors do. This

leaves three main questions. Firstly, what influential factors should we consider? The

former chapters have identified some determinants of time and risk preference that

change over time. Secondly, to what extent do these determinants affect the pure

time preference rate? According to the models in the former chapters, values of some

parameters are identified in previous chapters which we can refer to. Thirdly, how long

a time horizon should we apply this to? According to Boardman, Moore, and Vining

(2010), the threshold should be set to 50 years to distinguish long-term and short-

term time preference, which is basically a generation. This section will also discuss

the threshold problem and try to set two thresholds to generate short-term, mid-term

and long-term heterogeneity. Here we will utilize the results from previous chapters

which have identified some of the determinants of time preference from both the macro

and micro perspective. GDP per capita, GDP growth, inflation, median age, wealth,

etc. are proved to be empirically sensitive in time preference determination. In the

following sections, we will project those determinants for more than 100 years.
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GDP growth

The best indicator of future world development is GDP per capita. We will take the

US as an example in this section. In Gollier (2013), a few methods were introduced to

capture the uncertainty of the future world. The key principle behind these methods

were to mimic fluctuating GDP growth in the future. The methods included assuming

GDP growth follows a normal distribution, GDP growth following a random walk and

GDP growth following a Markov process. The other key principle is that the future

prediction is based on historical performance, such that the simulation has a firm

empirical basis.

G5: The US GDP per capita in history

The graph records the US GDP absolute value and growth from 1961-2019. The GDP

per capita is a better measurement because the GDP per capita of the US keeps in-

creasing overtime while the GDP growth fluctuate over time, albeit with a positive

average. This study will employ the random walk and normal distribution methods

based on historical data.

T3: The US GDP per capita statistic characteristics

The historical data indicates that the GDP per capita growth of the US have a mean

of 1.9948% per year and the standard deviation is averagely 1.9799%. If we want to

utilize the random walk model to mimic the future, we then have to know the time

series correlation between year t-1 and t. After a simple time series regression, the

coefficient is identified as 0.2859 with a constant of 1.4475. Moreover, inflation is also
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an important determinant of time and risk preference. The historical data has a mean

inflation rate of 3.7208% and a standard deviation of 2.7783%. The coefficient of a

time series regression is 0.8183 with a constant 0.6878. Accordingly, the simulation for

the future will be based on the historical data above.

Normal distribution: If we want to use the normal distribution to mimic the uncertain

future, the statistical feature of the simulation normal distribution should follow the

historical trend. The mean of the growth rate normal distribution is 1.9948% and

standard deviation is 1.9799%. Then we generate a normal distribution of GDP per

capita growth with a mean of 1.9948% and a standard deviation of 1.9799% as below:

G6: Normal distribution of future GDP growth

To mimic the uncertain future, we will generate a stochastic GDP per capita growth

rate for the future 120 years following the historical characteristics. These graphs

model the future world by introducing fluctuated GDP growth rates in keeping with

the historical trends. The simulated growth rates follow the following distribution

g −N(1.9948, 1.97992)

3 stochastic simulations have been done and they bring different results in the final

GDP per capita as indicated below:

146



G7: Result of simulated future GDP growth

From the 3 simulations, there are three main findings. 1)GDP per capita keeps in-

creasing over time with minor fluctuations. This simulation is actually based on one

belief that the future world will develop as what it did in the last 60 years.This is

the baseline assumption that the world will keep developing with technology advance-

ment to boost economic growth. 2) GDP per capita growth fluctuates over time with

a positive mean. This is also consistent with the baseline assumption that the world

will become better. 3) Different simulations, with the same statistical characteristics,

generate different results in the final GDP per capita values. These simulations mimic

three possible uncertain worlds.

Auto-regression process:The other approach to simulation of an uncertain world is

utilizing the random walk model as pioneered by Gollier (2013). However, because of

the unsteadiness of the random walk model, the growth rates generated will have a

significant drift, which is not consistent with reality. Accordingly, an AR model will

capture the growth rates more precisely and accurately.

G8: Auto-correlation of GDP growth

According to the auto-correlation graph, AR(1) model is indicated to be the best model.

After a time series regression, it turns out that the GDP growth rate in year t has a
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significant correlation with the GDP growth rate at year t-1 and the coefficient is 0.2859

with a constant 1.4475. The equation of the auto-correlation process for simulation is

as below:

gt = 0.2859gt−1 + 1.4475 + whitenoise

Because the coefficient is less than 1 so it is a stationary process. The growth rates

and GDP per capita in simulation are indicated in the following graphs:

G9: AR model on growth rates simulations

Compared with the ND approach, the AR approach generates relatively higher growth

rates, but without the significant drift found in the random walk model. The growth

rate fluctuates over time and GDP per capita increases over time. The predicted

value of GDP per capita by AR approach in 100 years later is higher than under the

ND approach. These three simulations predict the future uncertain world based on

historical reality. If we want to predict and simulate the uncertain future world, rather

than only focusing only on GDP per capita growth rates, the effects from changes

in other determinants should also be considered. This section refers to the previous

chapters, in which we identified some determinants of time and risk preference. In this

section, we will focus on the simulation and prediction of these determinants. More

specifically, according to chapter 3,4 and 5, the additional measures of inflation rate, life

expectancy, wealth level, median age, education, real estate ownership and insurance

coverage will be investigated.

Inflation

According to chapter 3, inflation is indicated to affect pure time preference significantly

with an effect range of [-0.000644,-0.000577],so when we investigate the dynamic time

preference rate, inflation should be considered. The principle behind the simulation of

inflation is the same as the principle used for GDP per capita, using historical statistic

patterns to predict the future. Inflation rates have two significant statistical features.

1) After a correlation test and regression test, the inflation rate is not significantly
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correlated with GDP per capita growth based on 1961 to 2019 US data, implying that

we should independently consider and simulate the changes of inflation. 2) Inflation

is not like other demographic indicators because it does not have a specific trend so

it will be difficult to predict its value by extrapolating its trend. There two features

imply that we should simulate inflation rate in a stochastic process similarly to how we

modelled GDP per capita. Thus, there are also two possible approaches.

G10: Normal distribution of inflation rate and Auto-correlation test of inflation rate

1) If we use ND approach to simulation of future inflation, the historical data in T3

suggests that the mean of the normal distribution of inflation of the US from 1961-2019

is 3.7208 with a Standard deviation of 2.7783. 2) If AR approach is picked, firstly we

need to do a auto-correlation test and the result is in G10.This graph indicates that

AR(1) model should be considered. And according to T3, the coefficient of AR(1)

model is 0.8183 and the constant is 0.6878. The simulation functions are:

Inf −N(3.7208, 2.77832)

Inft = 0.8183Inft−1 + 0.6878 + whitenoise

The simulation results are in the following graph G11.

G11: simulation results for inflation rates

The inflation simulation from the ND approach fluctuates more violently than that

from the AR approach because no time consistency is indulged. Three individual and

independent simulations do not deviate too much. These stochastic processes reflect the

two characteristics of inflation rates that inflation did not correlate with GDP growths
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empirically in last 60 years and that inflation rate stochastically fluctuates over time.

Other determinants

In this section, we will also predict other determinants of time preference, including

life expectancy, death rate, wealth level, median age, education, average housing unit

and insurance coverage. All the projections are based on the USs historical data.

Life expectancy affects peoples expectation of their remaining time and shapes their

subsequent allocation of consumption and savings. For example, an 80 year old man

who might have exceeded their average life expectancy will have a different time pref-

erence than a 20 year old man who expects to live more than 50 years. Also, a 20

year old man in a country with an 80 year life expectancy should have a different view

towards time than a 20 year old man in a country with a 40 year life expectancy. To

mimic the uncertain world, we can predict life expectancy from historical data. Life

expectancy in the US increased from 69.77 in 1960 to 78.54 in 2018 according to the

World Bank, with a decreasing margin in recent years. The simulation uses the fol-

lowing principles. 1) Growth: In the simulation of life expectancy, we support the

“Better world” assumption that the world will keep developing similarly to how it has

in the last 30 years. This principle assumes that with the development living condi-

tions and technology the life expectancy will increase over time. 2) Convergence: This

means that the simulation of future life expectancy should follow the basic principle

of economics: declining marginal effects which has been already observed over the 10

years from 2009 to 2018. To capture these two features of the simulation, a logarithmic

function is chosen. The simulation has a high R-squared of 0.8374 with the historical

data. Also, it predicts the life expectancy of the US citizens to reach 80.2 years old

in 2100. In next section ,we can use this prediction to investigate the effects from life

expectancy on time preference and SDR.

As for death rate, according to Becker and Mulligan (1997)) and some other empirical

studies (Kazlauskiene and Stundziene 2016; Moore and A. Vining 2018), the death

rate is a key component of the pure time preference rate. Accordingly, the change in

death rate over time will then affect the pure time preference rate. A dynamic death

rate, which is determined by many other exogenous factors, such as medical technology

advancement, medical infrastructure improvement, the change of population structure

etc., will directly generate a dynamic pure time preference rate over time. Consequently,
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this chapter includes the death rate as one component of pure time preference rate.

The prediction of death rate over time for one country should be based on the historical

data and population structure. The US Census Bureau has done a projection of death

rate of US population to year 2060 based on the population structure and anticipation

of future conditions. The prediction of it after 2060 is also based on the “convergence”

principle. The trend of the death rate should be in increase due to an aging population

globally but with a decreasing margin because of advancing technology.

Wealth level is another significant indicator implied in chapter 3 but measuring the

wealth level in a dynamic economic setting could be difficult. It is not like a survey

which is in a static and cross-sectional setting. In this case, measuring the increase

in wealth is more feasible than measuring absolute wealth level. This means we need

to measure the increase of wealth which equals to total production timing saving rate.

The value of total production follows the prediction of GDP in section 6.4.1 and the

saving rate can be predicted from historical data. According to the historical data, the

saving rate reaches its peak in the early 1960s, at nearly 25%. Then, we calculate the

increment of absolute wealth value as the saved part of total income. Accordingly, the

real increment of wealth every year should equal to the total income (Total production

as proxy: GDP per capita ) timing the estimated saving rate at that year. After that,

as long as the effect is identified, we will easily identify how wealth accumulation affects

the time preference in the future.

Median age, education, average housing unit and insurance coverage will be also pre-

dicted by following the methodology and principles used before. The principles behind

the projection can be summarized as: 1) referring to the historical data. All the projec-

tions are based on the extension of historical data. 2) The future world will be better.

All indicators for human well-beings will be assumed to be as improving. 3) Conver-

gence. Declining marginal effects will be utilized for all indicators. All the projection

are shown as the following:
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G12: projections for time preference determinants

According to the projection, the future world is predicted to have a higher level of

development and an older population with higher GDP per capita, higher wealth accu-

mulation, higher education, better housing conditions and higher insurance coverage.

By following these projections, we have a clear vision of how we expect the potential

determinants identified in previous chapters to change.

After projecting the determinants of time preference, the identification of the effect

vector is the next step. The effect vector is extracted from the previous chapters. To

avoid the different effects across countries, regions, and time, we do not use a specific

and precise number but utilize an effect range to represent the effect from a certain

determinant.

T4: Determinants effect identification table 1

152



The data in this table is extracted from previous chapters and it provides the effect of

each determinant. The effect from each determinant is identified in a range and the

values in the range with minimum absolute values are picked as the value to represent

the effect.

This is to avoid the overwhelming effect when we pick some number with large absolute

value. Though the effect is not consistent for different countries and regions, this design

is used to give an example of utilizing a dynamic SDR.

6.4.2 Risk preference determinants

As another important determinant of SDR, the risk preference parameter also varies

over time according to the results in chapter 5. In this case, we need to consider

the dynamics in risk preference as well. The key determinants for risk preference are

extracted from chapter 4. GDP per capita in logarithmic terms, real growth rate,

employment, median age, education, race, and gender are indicated to be possible

determinants of risk preference. We follow the principles behind the projection for

time preference determinants. The projections are indicated as below:

G13: projections for risk preference determinants

GDP and real growth rate are not listed in the graph because we will follow the same

simulation as the time preference section. The effects identified in chapter 4 are also
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listed as the following:

T5: Determinants effect identification table 2

The effect data is based on the data of chapter 4 which measures the elasticity of

intertemporal substitution and the risk preference within the United States. We take

the number with the minimum absolute value in the range of the effect to represent the

different effects caused by regional or time heterogeneity. In the next section, we will

use the projected time and risk preference to simulate the dynamic SDR of the US.

6.5 Stimulation and discussion on DSDR

In the real-world simulation, we take the United States as the example and still follow

the DSDR simulation function:

SDRt = SDRt−1+(
i=I∑
i=1

∆Tit−1αi)+(gt−1

k=K∑
k=1

∆Rit−1βk)+(γt−1∆gt−1)+(∆gt−1

k=K∑
k=1

∆Rit−1βk)

This simulation starts at year 2018 with a pure time preference δ (δ=1.5%), a risk

preference parameter γ (γ=1.2%) and a growth rate at year 2017 (g2017 = 2.2%). Other

determinants are following the projections in the sections be- fore. The simulation

results describe the SDR with dynamics in the coming 100 years. The values represent

how this generation discounts future consumption. If the future generation respond

similarly to the changes as this generation, we can also conclude it to be the SDR this

generation will take to evaluate the future, based on the underlying assumption that

there is time-consistent behaviours between generations and no significant generational

heterogeneity.
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G14: Simulation results

The results indicate a dynamic and declining SDR in the following 100 years. The pro-

jection principles are as the following: 1) The world will be better with higher GDP,

higher education, more wealth, etc. 2) The statistical features of the projected values

will follow the historical data trends. 3) There will be a convergence for all projections,

indicating a logarithmic projection. Under these principles, the SDR is found to be de-

clining in the following 100 years. This finding is consistent with many studies before.

We summarize the findings of these projection as: 1) Firstly, the starting point where

we take δ as 1.5 and γ as 1.2 which generate a 4.14% SDR, consistent with the 4%

implied in Rambaud and Torrecillas (2005) that the US forest Service recommended.

Also, according to Britain (2003), 3.5% SDR is recommended for the UK, so a 4%

SDR for a faster-developing economy as the US is also reasonable. Secondly, the de-

clining trend of SDR is consistent with many famous studies.Cropper, Freeman, et al.

(2014) suggested in their paper that the US should consider a DDR (declining discount

rate) rather than the constant exponential discount rate based on market. They also

concluded that the constant exponential discount rate should be revised at regular

intervals. This is consistent with the findings in this study.Rambaud and Torrecillas

(2005) concluded in their studies that the increasing concern of environment and envi-

ronmental nature of some projects indicated a declining SDR. Empirically, in Groom,
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Koundouri, et al. (2007), different approaches to uncertain future will cause different

path in discounting but all of them are observed to decline over time. Accordingly, a

declining SDR is theoretically and empirically supported by many studies.2) Secondly,

SDR projected in this study declines faster than other studies. It shows a declining

SDR for a future, indicating that if human behaviours and other determinants are con-

sidered, a faster-declining SDR compared with the previous studies is implied. The

literature before consider more about firstly the increasing concern of environment and

secondly the uncertain development but this study consider more in the other determi-

nants of human risk and time preferences, implying that if we consider both what the

previous literature has claimed and what this study has implied, a faster-declining SDR

should be considered.3) Also, the projected SDR generated in this study approaches 0

in about 100 years, which is much more faster than the projection in Newell and Pizer

(2003) and Groom, Koundouri, et al. (2007). Moreover, it declines even more faster

than that recommended by the UK and French Government. The possible explanation

for the fast-declining SDR is that the effect extracted from previous chapters maybe too

large to utilize in some 50 or 100 years. To get a more precise result for the effect from

these new determinants, pertinent studies should be carried out for specific countries

and times. In the next section, we will compare the projected SDR with other studies.

As mentioned in last section, the projected SDR generated in this study declines faster

than those in other researches. We plot all the projected SDR following Cropper,

Freeman, et al. (2014).In the first graph, we followed Cropper, Freeman, et al. (ibid.)

to plot three projected SDRs generated by three different studies which predict the

SDRs for the US.

G15: comparisons (Source:Cropper, Freeman, et al. (ibid.))

According to the graph, the SDR predicted by Newell and Pizer (2003) declines faster

than the other two. However, compared with the two simulations sdr1 (F-distribution)
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and sdr4 (Auto-regression process), it declines much slower. This indicates that if we

consider more influential factors when projecting the SDR for an economy, a faster-

declining SDR should be a better option because of the economic and demographic

changes.

However, the major problem if we consider the other influential factors into the SDR

projection is that the SDR projected declines too fast, approaching 0 in 100 years.

Though the declining trend is consistent with the other studies, the rate of decline is

too high to capture a reasonable discounting result. Should we adopt this fast-declining

SDR in the real world? The answer is ambiguous. To discuss this, we need first to

investigate the reason behind a declining SDR. The reason behind a declining SDR in

Rambaud and Torrecillas (2005) can be concluded in three points. Firstly, constant

exponential discounting is not reasonable for a long-term discounting(Harvey 1994).

Secondly, non-constant discounting is an empirically proven human behaviour. This

claim is consistent with this whole study that the risk and time preference of people in

different country and time will be different, causing different discounting behaviours.

Thirdly,the increasing concern about the environment and the environmental nature of

some projects should be carefully considered. This is because the concern for environ-

ment in the future will increase with the realization of climate change and environment

degradation, making people more concerned about the future. Accordingly, with a

higher concern about the future, more future-oriented behaviours will be observed and

a lower discounting rate should be adopted. The reason behindCropper, Freeman, et al.

(2014) to suggest a declining SDR for the US government was that the uncertain de-

veloping rate of the future could empirically indicate a declining SDR in the far future,

but they did not consider the changes in risk and preference in the Ramsey-based struc-

ture. Accordingly, the reason behind can be basically concluded as the environmental

concerns, preference change and uncertain futures.
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G16: Three main reasons behind DDR Rambaud and Torrecillas (2005))

The fast-declining SDR projected in this study is driven by preference changes and the

uncertain future, but ignores the environmental concerns.If we consider environmental

concerns, the SDR should decreases even faster. Compared with many other studies,

this declining rate is too fast to be reasonable. The main reason behind the “too-fast”

declining SDR can be possibly explained as the effect vector, the scale of which is

too large if we simply refer to the previous chapters. If we can add some discounting

parameter before the effect for each determinant, the DSDR will be more reasonable.

Alternatively, previous literature might suggest an SRD that declines too slowly as

most of them are only considering the uncertain future as the reason behind a declin-

ing SDR. Some of them include environmental concerns. However, if there are private

investments included or private interests are concerned, preference changes over time

cannot be ignored. For example, if the project is a city-level project about environmen-

tal protection and the investment comes from the city then the preference of the city

should be considered but if the investment is from somewhere else then the preference

of the people in this city should not be monitored. More specifically, for example, if the

median age of the city changes a lot, many young people moving out and people growing

older, the preference of time and risk would be different from before. If the people in

this city pay for this project, then the preference changes caused by median age should

be seriously considered. This example perfectly indicates the reason to include changed

preference as the third reason behind a dynamic SDR. According to the simulations

before, if US data is picked, the SDR will be observed to decline faster because of the

changed time and risk preferences. How and how much the preference changes affect

the SDR should be individually investigated. The most important contribution of this

study is that it includes changed preference as another reason behind the declining

SDR and measures the scale empirically. After the inclusion of changed preferences,

a faster-declining SDR should be suggested for future projections. Weitzman (1994)

concluded that SDR should systematically decline relative to private discount rate,

which also supports the inclusion of changed preference. The SDR should not be only

reflection of public welfare but also the reflection of private preference.

6.6 Policy implications

Building on the discussion on the DSDR, the policy part will focus on how to impose a

correct SDR on a project. The difference between this study and other studies is that

changing preferences are now included as the third driving forces behind a dynamic
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SDR, implying time inconsistency. Boardman, Moore, and Vining (2010) claimed in

their study that a time-declining SDR is not caused by time inconsistent preference

but from acknowledging uncertainty in the future parameters. However, the previous

chapters have proved that the preference change will have a significant effect on the

SDR so we cannot ignore the effects from them. Hence, we will try to make some

adjustments on the flow chart of G1 from Boardman, Moore, and Vining (ibid.) and

then imply a system which helps policy makers adopt a correct and precise SDR to

maximize the utility of the society. The process of this system is represented in the

following flow chart:

G17: Policy implication process

This is the process of implementing a dynamic SDR. After Project A is identified, the
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first step for policy makers is to do pre-research on the target region where project

A is being undertaken to identify the current parameters of the SDR determinants.

Secondly, a SDR strategy will be selected by following a decision tree adjusted from

Boardman, Moore, and Vining (2010). Thirdly, a monitoring system should be estab-

lished, including monitoring environmental concerns, economic development and both

risk and time preference changes of this target region. Lastly, depending on the mon-

itoring results, any corresponding adjustments to the SDR strategy should be made.

This process will help establish a SDR adaptation system and generate a dynamic SDR,

capturing the real social discounting behaviours in a more efficient way. We will discuss

each part of the process in detail.

6.6.1 Pre-research

After initiating project A, the pre-research will be the most essential procedure. This

research will include 4 main parts: target area identification, parameter estimations,

influential factors identifications and effect identifications.

1) Identification of the target area is determined by the features of the project and its

sphere of influence. For example, for a climate change mitigation project, we should

consider the globe as the target area whereas for a single pollution disposal project,

we should consider the area affected by the pollution and which people are benefiting

from the disposal project. The identification of the target area is the most essential
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procedure because the sphere of influence of the project determines the research area.

2)Parameter estimation uses the identification of the target area to then estimate the

current values of essential parameters, such as pure time preference rate, risk preference

rate and growth rate. The estimation of these parameters will help estimate a basic

SDR for this target area. There are four possible methods to get the parameters of

time, risk and growth parameters: online survey, market observation, interview and

macro-data estimation.

This pre-research will help policy makers acquire a scope of these essential parameters

in the target area. From this information, an estimated SDR can be created, which is

used as the initial point of the SDR strategy map. 3)For influential factors and effect

vectors, an empirical research will be essential.

In the empirical research, an appropriate model will be built and some potential influ-

ential factors will be selected out. The design of the model will refer to some previous

researches and all potential influential factors will be inspected. Influential factors will
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be identified in the results and effect vectors can also be extracted, which are extremely

important for understanding the formation of social discounting behaviors of the target

area and for setting up a highly efficient DSDR for Project A. Pre-research is the most

important procedure for informing the SDR choice of a project. It provides policy

makers information on how to adjust the SDR and on whether to initiate a project.

It also gives policy makers an insight of the preferences of the society which will help

policy makers make decisions that meet current social preferences and maximize social

utility.

6.6.2 SDR strategy choice

After a pre-research, the next step is the SDR choice. The SDR strategy chosen acts

as a map that describes the target region for the SDR value in the future. Different

strategies will have a different effect on the NPV (net present value) when doing cost-

benefit analysis,, resulting in potentially different decisions. The SDR strategy has been

explored in many studies before. For example, in Cropper, Freeman, et al. (2014), they

summerized some strategies implied in Newell and Pizer (2003), Groom, Koundouri,

et al. (2007) and Britain (2003).
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G18: SDR strategies (Source:Cropper, Freeman, et al. (2014))

These maps will provide policy makers sufficient information to have a comprehensive

insight in to the SDR over time. Also, they can use these maps to calculate NPVs

for different years to make cost-benefit analysis. These SDR strategies are consistent

with our findings that the SDR declines over time, but they do not consider preference

change as another factor that affects the formation of SDRs. How do we generate SDR

maps that includes preference change as an influential factor? Here G1 gives us an

insight of allocating an appropriate SDR.The decision tree by Boardman, Moore, and

Vining (2010) is as follows:
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G1: Flow chart of SDR choice(Source: Boardman, Moore, and Vining (2010))

This decision tree indicates the criteria for choosing an appropriate SDR for a project.

There are two questions raised in the chart. Firstly, is this an inter or intra-generational

project. This is actually the time horizon that we talked about before. For an intra-

generational project, which is less than 50 years, the environmental concerns, economic

development, and preference changes should be investigated in this target generation.

For an inter-generational, which exceeds 50 years, we should consider in a generational

level and downplay the effect from heterogeneity among generations and pay more at-

tention to the increasing concern of environment. In this case, a declining SDR will be

a better choice to achieve the highest utility. Basically, they have indicated that the

time horizon is a key indicator for SDR selection, consistent with our claims before.

The second question is about the possibility to crowd out private investment. If there is

private investment involved, shadow market returns should be considered for a shadow

market providing a higher return rate for private investments. Then it follows Moore
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and A. Vining (2018) to weight the investment flows by SPC7 (shadow price of capital),

which will generate a more reasonable SDR for projects with private investments. Be-

sides these considerations, this study would like to add one more consideration, which

is the changing preference. In this study, to include the effect from preference change,

we adjust the flow chart into the following:

G19:Adjustment on G1

In the adjusted version of the SDR choice strategy, we add preference effect consid-

erations into the SDR map choices. For projects with private investment involved,

preference change should be seriously considered. If there is no private investment

involved, do we need to consider preference change? The answer might be yes. This is

why G19 includes arrows from box A and C to “add preference effect”. The preference

change should be investigated by the target of the project. For example, if this project

is inspected in a city level, then the preference change should be investigated in city

level. However, for projects with “real” private investment involved, the preference of

the private investors should be weighted and added into the preference consideration.

Effect∆Pre =

K∑
k=1

wkEffect∆Prek (6.8)

This means the total effect from preference change Pre should be composed with the

effect of preference changes from different sources of investment. The weight wk is the

weight that you have used in the SPC process. For the projects financed by government

or public funds, the preference change effect should be measured in the magnitude of the

7SPC:A monetary value assigned to currently unknowable or difficult-to-calculate costs of capitals
in the absence of correct market prices.
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target area. For example, if the project is funded by the city council, then the preference

change effect should be measured at the city level. The pre-research provides us with

the effect vectors and factor projections, then we can use the methods in the precious

sections to calculate a dynamic SDR. The strategy maps for Boardman, Moore, and

Vining (2010) is mapped as below:

G20: SDR maps for G1

They identified 4 SDR options, denoted respectively as A, B, C and D. For A, intra-

generational projects with no private investment involved, a constant 3.5% SDR is

suggested byBoardman, Moore, and Vining (ibid.). 3.5% is the value they recom-

mended for Canada, so we do not use it in the graph. The value should be calculated

in the pre-research based on different targets at different times. We use SDR∗ as the

recommended SDR. For B, intra-generational projects with real private investment,

a 3.5% SDR is also suggested but with a different base of investment which is ad-

justed by SPC. For C, inter-generational projects with no private investment involved,

a stepped declining SDR is recommended, consistent with the Britain (2003). For D,

inter-generational projects with private investment involved, the same declining SDR is

recommended but with a different base of investment. After adding preference changes

as an influential factor, the possible SDR maps are as follows:
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G21:Possible SDR maps for G1 adjustment

For A and C with no private investment involved, the SDR might decline faster than

for B and D (projects with private investment) because public investment is not as

impatient as private investment which always seeks the highest payoff from the market.

By referring to the previous simulations based on the US, a faster declining SDR is

observed, so if we include preference changes as a potential influential factor then the

pink areas should be the possible areas where the new SDR is located. For B and D

with private investment involved, the SDR might decline slower than A and C, so the

grey areas are the possible areas where the new SDR is located. The pink/grey area

are just possible areas for SDR locations. The precise and accurate location of the new

SDRs should be identified by simulations in the specific target region. For example, we

would absolutely not use 3.5% in a poor developing country with very fast economic

development. Each case should be independently investigated. In this way, we have

generated the SDR map for the target. Policy makers need to change the recommended

SDR in a declining magnitude.

6.6.3 Monitoring and adjustment

Last but not least, monitoring and adjustment are also two important steps to guar-

antee the continuing preciseness of the recommended SDR. Monitoring ensures that

the projections for the influential factors are within the confidence interval. This mon-

itoring and adjustment process is consistent with the claim that the SDR being used

should be frequently adjusted from the private rate to reflect various appropriate fac-

tors (Weitzman 1994). There are two main elements that should be monitored. Firstly,
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the development of the influential factors. For example, if the age structure has been

identified as a determinant, then we need to monitor the age structure of the target

too see if it deviates from the projection, which is what the judgement was based

on. If there is a significant deviation between the reality and the projection, then an

adjustment needs to be made in the SDR maps.

G22:Monitoring and adjustment

By monitoring, we can maintain the preciseness of the SDR maps for future projects.

The monitoring and adjustment are essential for this policy implication because it

provides the space for correction of SDRs. The future is uncertain, so the projections

of the factors are also uncertain, which requires the correction based on monitoring

results.

6.6.4 Significant influence on policy by changing preferences (Exam-

ples)

For better understanding the policy part of this study, we will give an example of single

influential factor consideration.

Assume there is a project A, aiming to improve the environmental welfare of the people

in Town A where there is a constant outflow of young people. This indicates that the
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median age of this group of people will increase in the following years. Assume median

age is a significant influential factor for time and risk preferences. This will cause a

decrease in the SDR maps.

G23: SDR maps with benefit threshold

Thus, there is an influential factor, and it will cause a declining SDR in the SDR

map. Assume the threshold is in the gap of the highest boundary and second highest

boundary. The threshold means an average rate that can generate positive benefit for

this project A. If the changing preference is not considered, then project A will be

rejected. However, if changing preference is considered, then using a 40-year forward-

looking time horizon , the project will be approved. This indicates that changing

preference could have a significant influence on the project decision. The preference

change of the people in Town A cannot be ignored. To better understand how the

declining SDR may lead to different policy outcomes, we draw the following graphs to

analyze the NPV of this Project A. The time horizon is 50 years for this project.
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G24: NPVs

According to G24, the black curve is the NPV of the Project A investment under a

declining SDR setup (preference change considered). The light grey curve is the NPV

of project A investment under a 3.5% SDR setup. The dark grey curve is the NPV

of the benefits generated at that year under declining SDR setup (preference change

considered). The yellow curve is the NPV of the costs at that year under declining

SDR setup (preference change considered). The dark blue curve is the NPV of benefits

generated at that year under 3.5% SDR setup. The light blue curve is the NPV of costs

at that year under 3.5% SDR setup. To judge if a project should be launched depends

on the following equations.

We generate the total cost and benefits first,

TC =

∫ 50

0
C dC (6.9)

TB =

∫ 50

0
B dB (6.10)

And to launch a project we have to satisfy this equation,

DC + TC < TB (6.11)
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DC +

∫ 50

0
C dC <

∫ 50

0
B dB (6.12)

Then we plot the NPV separately for the 3 elements TB,TC and DC.

G25:Project NPV analysis

According to the NPV graph, the dark grey area is the Total benefits (TB) generated by

Project A under a declining SDR setup (preference change considered). The yellow area

is the Total costs (TC) under a declining SDR setup (preference change considered).

The dark blue area is the TB generated by Project A under 3.5% SDR setup. The

light blue area is the TC of Project A under 3.5% SDR setup. If we have,

DC1 +

∫ 50

0
C1 dC1 <

∫ 50

0
B1 dB1 (6.13)
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and

DC2 +

∫ 50

0
C2 dC2 >=

∫ 50

0
B2 dB2 (6.14)

then this means that if we consider changed preference and employ the adjusted SDR

maps, the project can be approved but if we do not consider changed preference and

adopt the stepped declining SDR map, the project will not be approved. The equations

can be written as:

DC1 <

∫ 50

0
B1 dB1−

∫ 50

0
C1 dC1 (6.15)

and

DC2 >=

∫ 50

0
B2 dB2−

∫ 50

0
C2 dC2 (6.16)

In the graph, this equation can be read as:

G26: Condition for project Initiation

In the graph, if we have the value of the area of pink area larger than DC1 we can say

that this project A can be approved. If we have the value of the area of green area Less

than or equal to DC2 we can say that this project A can be rejected. According to the

graph DC1 is significantly less than DC2 and the pink area is possibly larger than green

area, we can say that it is much more easier to achieve DC1 <
∫ 50

0 B1 dB1−
∫ 50

0 C1 dC1

rather than DC2 >=
∫ 50

0 B2 dB2 −
∫ 50

0 C2 dC2. Accordingly, project A can only be

approved under declining SDR maps. This example addresses that changed preference

should not be ignored especially in some small-scale project. The constant outflow of

young people of Town A will have a significant influence on the preference of time and

risk in Town A, which will generate a different SDR maps. The different SDR maps

will then have a significant influence on the final decision of project A.

This implication, although based on research using US data sets, can also be extended

to other economies because of the pre-research, which will identify the difference among
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countries and pick significant determinants and suitable effects for them.

6.7 Conclusion

In summary, this chapter uses the conclusions from the previous chapters that time

and risk preference change overtime, affecting the SDR maps, to then predict the SDR

maps for the US based on historical data. The simulation results indicate that the

SDR should decline faster if we consider time and risk preference change. Finally, we

use the simulation result to generate a dynamic SDR system. This system includes

three main parts, pre-research, SDR strategy map, and monitoring and adjustment.

The new SDR maps implied are different from the traditional stepped declining SDR

maps. We use a hypothetical example to illustrate that the SDR map generated by

this dynamic system could have a significant influence on the final decision of whether

to undertake a given project.

Accordingly, this study implies that changing preferences can be a very important fac-

tor in shaping the SDR. We should not ignore the changed preference especially in

small-scale project which will witness a more significant change in preferences. This

claim is consistent with Weitzman (1994) who claimed in his study that the SDR being

used should be frequently adjusted from the private rate to reflect various appropri-

ate factors. Economists have previously theorized that environmental concerns and

an uncertain future are the reasons for the declining SDR. In this study, we want to

add another important factor, changed preference as the third reason for the declin-

ing SDR. According to the empirical simulation, the changed preference will cause the

SDR to decline faster than predicted. Hence, this study suggests a continually declin-

ing SDR rather than a stepped declining SDR recommended by other governments or

economists. Weitzman (ibid.) concluded that SDR should systematically decline rela-

tive to the private discount rate, which is also consistent with our conclusion.

The limitations of this chapter can be concluded as the following. 1) The heterogeneity

of countries and timings will hamper the precision of the simulation because we here

employ the data and model based on previous chapters in which data is limited in

countries and years. More general and comprehensive model and data are required

in the future. 2) The quantification of the projection of influential factors and effect

vectors needs more discussion.This is also because of the limitation of data in previous
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chapters. Effect vectors could change slightly based on different data sets and models,

requiring a more general and comprehensive research. 3) The design of the system

needs more detailed discussion to make it efficient and feasible, such as the research

guidelines, specific measures for implementation and standards of practices. Currently,

the establishment of the monitoring system is still faced with many problems such as

the consistency of the preference monitoring and the precision of the preference data.

4) Preference identification is still hard. Conducting continual and effective surveys

could be the best resolution.

In future studies, we will focus on the improvement of the solidity of the simulation

and improvement of DSDR system. The major improvement should be focused on the

aggregation of preferences. For example, the monitoring of a single area’s preference

cannot reflect the real trend of this preference in the whole country, then the monitoring

system fails. The second improvement should be focused on the policy itself. If there is

a monitoring and projection system, how can policy makers make sure the consistency

of the policy. These two major problems and possible solutions should be discussed in

the future research.
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Chapter 7

Conclusions and Policy

Implication of the thesis

In this chapter we will have a aggregate conclusion of the thesis.

After a simple introduction to the thesis, we began with a literature review covering

the current work on the SDR, establishing its importance as an economic indicator and

its role in economic evaluation. Here this study supports the conclusion from Stern

(2007)that when using a very long time horizon, then the utility of each different gen-

eration should be treated equally. Consequently, a low time preference rate based on

the risk of human extinction rate alongside a lower bound from the growth uncertainty

interval should be adopted, which generates a relatively low SDR. However, this study

empirically supports Nordhaus (2007) on his relatively high estimation of time prefer-

ence rate because the sacrifice or investment in current generation would be unwillingly

accepted to treat for benefits for other generations. For identification of the SDR, this

study favors the Ramsey Rule to theoretically estimate a welfare-preserving rate. The

identification of time and risk preference should not be regarded as time-consistent

because empirical evidence suggests they change over time. This is the fundamental

assumption for the following studies.

In Chapter 3, this study used a macroeconomic perspective to consider natural dis-

asters as a potential influential factor of the pure time preference rate, expanding on

previous empirical findings (Cassar, Healy, and Von Kessler 2017; Callen 2015). After

extracting the pure time preference rate from the real interest rate by removing the
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precautionary and wealth effects, this study tests for correlation and a potential causal

relationship between natural disasters and the time preference. The results indicate

that natural disasters do have an impact on the time preference rate with the control

of other variables. In addition, other economic factors also affect time preference for-

mation.

In Chapter 4, an in-field survey was conducted of major Chinese cities, to enable us

to better explore influential factors affecting time preference at the micro-perspective

(i.e., individuals), including subjective perceptions. It turns out that demographic,

economic, and subjective perceptions all have a significant effect on time preference.

Additionally, it empirically suggests that in Chinese major cities, people possess an

extremely high time preference rate.

In Chapter 5, a study of the risk preference parameter from a macroeconomic perspec-

tive was conducted. Consumption and market-return data was collected to calculate

the EIS for 51 US states. Moreover, other demographic, economic and distinctive indi-

cators were collected to explain the time-inconsistent EIS. Under the assumption that

EIS is the reverse of risk aversion, the result suggest that many indicators have a sig-

nificant effect on the EIS and risk aversion.

Finally, Chapter 6 aims to utilize the conclusions from the previous chapters that time

and risk preference parameters are not time-consistent , possibly indicating the need for

a dynamic SDR (DSDR). We estimate the SDR change of the US from historical data

and based on the validity of our previous conclusions and estimates. It implies that

the projected SDR of the US declines much faster than that recommended in previous

studies. This adds to the literature that besides the increasing environmental concerns

and future uncertainty, changing preference is also an important factor that should be

considered for a declining discount rate (DDR). We also try to set up a system for

establishing a DSDR, including research, strategy, monitoring and adjustment. Lastly,

we address the importance of utilizing a DSDR in policy for more accurate and precise

project valuation.

This study add to the previous literature that the changing preference should also be

included as a factor of SDR determination. The change of demographic, economic,

cultural and many other factors have a significant effect on SDR determination, which
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should not be ignored. This study is innovative in many aspects. 1) Some new methods

are experimented. 2) Pioneer study in time preference in China in such a large scale.

3) Testing EIS time-inconsistency in a macro perspective and find out the influential

factors of EIS in a state-level data. 4) Implying a system to utilize DSDR in future

project valuation.

Policy should be introduced based on these conclusions. Firstly,policy makers need to

notice the importance of changing preferences in social discounting behaviours and in-

clude changing preference as one important factor in SDR recommendation. Secondly,

to better capture the reality of the world and generate a more accurate SDR, more gen-

eral and comprehensive research should be carried out. For different countries, regions

or even times, the determinants and their effects on SDR formation should slightly

change, requiring a establishment of a monitoring system. Thirdly, according to this

study, a higher-based SDR (relatively higher value than that has been used now) with

a faster declining speed should be considered. More potential policy implications are

looked forward in the future study. Improvement of the system to make sure the rep-

resentativeness of the preference aggregation and consistency of the policy should also

be focused on.

The limitation of this study can be concluded as the following. 1) Limited data might

hamper the applicable scope of the analysis and conclusion. We should employ a more

inclusive and comprehensive data set that includes more countries and times in the

future. 2) Samples in both database data and survey data are limited, especially in

Chapter 3 and Chapter 4. 3) The future trends of some indicators in Chapter 6 are not

accurate enough, requiring more advanced methodology and more data in the future.

The future study should focus on new data sets in different levels. Individual, re-

gional, national or international level data are looked forward. Also, we should keep

investigating the potential factors of time and risk preference to eliminate the errors

in current estimates. In addition, CO-VAR system should be established for time-

inconsistent time and risk preference to identify the correlation of causation problem

between them. It should be a good resolution to establish a more accurate projection

for future SDR. Moreover, we should o extend this study to a larger scale implication,

such as climate change.
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