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Abstract 
 
 Two factors, concern about relative rather than absolute income and adaptation to 
increasing affluence, are central to the explanations offered for the Easterlin Paradox. 
This paper addresses the range of behavior for well-being that these factors might 
produce. A framework for the creation of models in which the behavior of well-being 
depends on the mechanisms governing the operation of the two factors is presented. 
Using it models that produce the paradox under well-defined conditions are developed. 
So are models in which well-being varies with average income. The explanations for the 
behavior of well-being provided by both types of models are shown to be plausible. In 
light of these results, deciding whether the two factors do in fact explain the paradox will 
require a detailed understanding of the way in which they operate. Developing that 
understanding remains a challenge. 
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Introduction 
 
 Subjective well-being (or simply well-being) is the average level of self-reported, 
overall satisfaction with life. Data on well-being has been developed for many nations. 
There is an expectation that, as the average income in a nation rises, so will the level of 
well-being. The observed tendency for individual satisfaction to rise with income 
reinforces this view. However, despite significant growth in average income over long 
periods of time there is little or no apparent gain in well-being for some nations. This 
state of affairs is referred to as the Easterlin Paradox.(1) There have been efforts made to 
demonstrate that, despite appearances to the contrary, growth in average income is 
accompanied by gains in well-being. Evidence supporting this position has been 
developed for some nations. However, the status of the paradox remains controversial.(2)  

This paper does not attempt to establish or disprove the paradox. It addresses the efforts 
to explain it. 
 
 What might allow average income to grow without accompanying gains in well-
being? One factor cited is relative concern, that an individual values their income based 
on its relationship to that of others. Another is adaptation to an increasing level of 
affluence. The explanations of the Easterlin Paradox found in the literature typically 
involve one of these factors and often both.(3) These explanations give rise to two 
concerns. First, because they do not provide a detailed description of the mechanisms by 
which the factors operate they are, to varying degrees, incomplete. Second, because the 
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treatment of the factors is shaped by an effort to explain the paradox, the range of 
possibilities for their operation is not thoroughly considered. This paper addresses these 
concerns using an exploratory approach. The rationale for its use is explained by Paul 
Krugman in a book of essays on international trade: 
 
 "As anyone knows who has studied a complex system, be it global 
 weather, Los Angeles traffic patterns, or the flow of materials through a 
 manufacturing process, it is necessary to build a model to understand how 
 the system works. The usual procedure is to start with a very simplified 
 model and then make it increasingly realistic; in the process, one comes to 
 a more sophisticated understanding of the actual system."(4) 

 

The factors and relationships relevant to the determination of well-being constitute a 
complex system. In the following sections models of this system are developed and used 
to explore the behavior of well-being over time that relative concern and adaptation 
might produce.  
 
 The paper begins by presenting a modeling framework (the Framework). In 
models developed using the Framework the behavior of well-being is determined by 
mechanisms that govern the operation of relative concern and adaptation. Additional 
factors have their effect through these mechanisms. The paper lays out the conditions that 
each type of mechanism must meet. It then shows how one can create an unlimited 
number of mechanisms for each factor. Since the Framework permits the mechanism for 
each factor to be specified quite independently, a wide range of models turn out to be 
possible. The paper discusses two of them in detail. These show how the operation of 
relative concern and adaptation can account for the appearance of the paradox or, in the 
alternative, produce a log-linear relationship between well-being and average income. 
The results produced by both of these models are shown to be plausible: they reflect 
reasonable knowledge and sensible patterns of behavior. The paper develops and 
discusses generalizations of the mechanisms included in each model. In all of this the 
focus is on a single nation. However, the Framework can be applied to a group of nations, 
producing models for each of them. Results obtained using this multinational approach 
bring to light limitations in the Framework as well as features of mechanisms that are not 
apparent in single nation modeling.  Drawing together all the results developed, the paper 
discusses the two concerns raised by the efforts to explain the paradox.  
 
 Unlike much of the modeling in the literature on well-being, that undertaken here 
is formal not statistical. Formal modeling has been applied in a number of areas which 
deal with complex systems, including macroeconomics and epidemiology.(5)  As in these 
areas, formal modeling of well-being may provide a basis for statistical analyses and 
strengthen the conclusions  that can be drawn from them. This point is discussed in a 
brief final section of the paper. 
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The Framework 
 
 The Framework is organized around a simple expression for individual 
satisfaction. For each individual (i) their overall level of satisfaction with life (S) in each 
year (t = 0, 1, 2, ···) is expressed as follows: 
 
 (1) S(i,t)  =  A(i,t) B(t)   
 
A and B are the mechanisms for relative concern and adaptation.  Relative concern 
reflects the individual's position in the annual income distribution, so A is a function of  
both  i  and  t.(6) Adaptation on the other hand reflects the general level of affluence, so B 
depends on  t  alone.  Factors other than relative concern and adaptation have their effect 
on well-being through the operation of A or B. (1) reflects a simple notion of the way in 
which satisfaction is determined. Affluence, as reflected in the annual values for B, 
establishes a baseline. Relative to that individual satisfaction is determined by the values 
for A. Like the rest of the Framework this notion and so the form for (1) is adopted 
provisionally, to provide a starting point for exploration. 
 
 To develop a model using the Framework, one has to specify A and B. Values for 
A and so for S are assigned to all individuals in all years. However, the values for A and 
B are constrained so that the focus is on the well-being of adults. If  i  is an adult in year  
t, A(i,t) is required to be positive. If not it is required to be zero. B is required to be 
positive in all years. These requirements ensure that in each year S is positive for adults 
and zero for others. The annual level of well-being (W) is defined by averaging:  
 
     Sum of the values of A(i,t) 
 (2)      W(t)   =   ————————————    B(t) =  a(t) B(t) 
                    N(t) 
 
In (2) the sum is taken over all individuals (i.e., all values of i). However, because of the 
constraints on A, only those individuals who are adults in year  t make a non-zero 
contribution to W(t).  N(t) is the size of the adult population in year t. It is assumed to be 
non zero for all  t  so a(t) is well defined and positive. It is clear from (1) that the value 
for W(t) produced by (2) is the average level of satisfaction for those who are adults in 
year t. 
 
 The way in which individual satisfaction changes over time is of some importance 
in the modeling of well-being.  An expression for annual change is shown in (3). 
 
 (3) S(i,t)  -  S(i, t-1)  =  (A(i,t)  - A(i, t-1)) B(t) 
 
          +  A(i, t-1) (B(t) - B(t-1))  
 
From (3) it is easy to see that the constraints placed on A and B ensure that annual change 
in each mechanism contributes to change in individual satisfaction in a reasonable 
fashion. The requirement for B to be positive ensures that annual increases or decreases 
in A due to an individual becoming an adult, experiencing variation in their annual 
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income and eventually passing away contribute respectively to gains or losses in 
satisfaction. The effect of annual change in B depends on whether an individual is an 
adult in the initial year of the change (i.e., year t-1).  If so, the requirement that A be 
positive for adults ensures that increases or decreases in the level of affluence reflected in 
changes in the value of B contribute respectively to gains or losses in their satisfaction. If 
not, A being zero ensures that change in B has no effect.  
 
 For its application the Framework requires as a point of reference the 
specification of a set of annual income distributions. No particular definition for income 
is required, merely that one has been chosen and that the resulting distributions have a 
"typical shape" -- skewed to the left with a long tail to the right.(7) Associated with the 
distributions is an annual average income (I) and the fractional increase or decrease in it 
(r).  For  t  greater than zero the values of  I  and  r  are related in the usual fashion: 
 
 (4) I(t)  =  I(t-1) (1 + r(t))        
 
Consistent with actual data I is required to be positive and “large.”(8) As a consequence, 1 
+ r(t) is positive for  t  greater than zero.  For convenience 1 + r(0) is also required to be 
positive. Both of the mechanisms incorporated in a model developed using the 
Framework are required to have the same point of reference. If either mechanism makes 
use of data on individual incomes or items such as  I  and  r  derived from it, these are 
required to reflect the common point of reference.   
 
 In addition to the constraints imposed thus far the Framework places requirements 
on mechanisms for relative concern which ensure that in each year gains in satisfaction 
accompany increases in income. If  i  and  j  are adults in year  t  and  i  has the higher 
income, A(i,t) is required to be greater than A(j,t). If  i and j  have the same income, 
A(i,t) and A(j,t) are required to be equal. Gains in satisfaction with increases in income 
are a feature of actual data. However, the regularity of the gains required by the 
Framework is greater than that typically seen. As Krugman notes in the passage cited in 
the introduction, models can be made more realistic over time. To get started a simple 
requirement for gains is useful.  
 
 The requirements placed on mechanisms for adaptation are more complex than 
those for relative concern. In each year after the first, a minimum level of affluence is 
assumed to be anticipated. To capture this the development of a mechanism requires the 
specification of a threshold, G(t), for  t  greater than zero which is always positive. To 
reflect the historical evolution of affluence, the values for G(t) are required to be 
determined by the values of I(s) and r(s) for  s  up to but not including t.  Mechanisms for 
adaptation are constrained to be compatible with the choice for G, making an incremental 
contribution to satisfaction if and only if average income exceeds the threshold. To 
ensure this a mechanism, B, is required to have an associated positive function, H, such 
that the following condition is satisfied for  t  greater than zero. 
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         I(t) - G(t) 
 (5)    B(t) -  B(t-1)  =  H(t)   ————   =  H(t) K(t) 
             I(t-1) 
 
 
Because H(t) and I(t-1) are both positive (5) forces the annual change in B to be positive, 
zero, or negative if, respectively, I(t) exceeds, equals, or falls short of G(t). In (5) K and 
H play distinct roles. K determines the pattern of annual change for any mechanism that 
is compatible with a particular specification for G. B will increase, remain the same, or 
decrease, depending on its sign.(9)  Choices for B differ in the magnitude of their response 
to average income failing to reach the threshold or exceeding it. That is determined by H.  
 

To facilitate the development of mechanisms for adaptation a modification of the 
expression for K is useful. Using (4) I(t) ÷ I(t-1) can be replaced by 1 + r(t). Similarly 
G(t) ÷ I(t-1) can be replaced by 1 + u(t) where u(t) is the fractional change from the 
previous year's average income that is reflected in the threshold for year t. With these 
replacements the expression for K(t) becomes r(t) - u(t). Since r(t) is determined by the 
point of reference, one can specify  u  and let that choice determine K. Once K is known 
(5) can be "solved" to produce a specification for B. To do so one selects an initial value, 
B(0), and then defines B(t) for each value of  t  greater than zero as follows: 
 
 (6) B(t)  =  B(0)  +  Sum of the values of H(s) K(s) 
 
In (6) the sum is taken for  s  equal 1 to  t. Since B(0) is positive one can choose H(t) year 
by year so that B(t) remains positive. To do so one need only give H(t) a sufficiently 
small positive value whenever K(t) is negative.(10)   
  

Most of the remainder of this paper is given over to exploration.  The discussion  
in the next section shows that a large number of mechanisms of each type can be 
developed and that these can be combined in models that produce a wide range of 
behavior for well-being. In the following three sections mechanisms for relative concern 
and for adaptation are developed and used to create plausible models. The discussion in 
these four sections proceeds in strict conformance with the Framework. This might give 
the impression that the Framework is "fixed" while the specifications for the mechanisms 
are "variable." However, when the discussion turns to groups of nations, it becomes clear 
that consideration of variation in the Framework is an essential part of an exploratory 
effort. There are a variety of additional conditions one might impose on the two 
mechanisms. For example, one might require that the values taken by both are bounded. 
One might also require declining gains in satisfaction as individual income increases(11) 
or that H(t) is constant. However, such requirements would restrict exploration. Instead 
of imposing them such "desirable features" will be addressed in the discussion, noting 
which mechanisms have them and which do not.  
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Initial Applications 
 
 Having set up the Framework, it is useful to take a look at the range of 
mechanisms and models that meet the requirements it imposes. In this section a specific 
mechanism of each type is identified and methods for modifying each of them to produce 
an unlimited number of variants are described. Building on that foundation the range of 
behavior for well-being that can be produced by models that incorporate the variants is 
discussed. 
 

For relative concern, identifying a mechanism is reasonably easy. Individual 
income is typically defined based on earnings or consumption.(12)  These methods 
produce non-negative values. With the assumption that the values in the distributions 
taken as the point of reference are all non-negative one can set A(i,t) equal to  i's  income 
plus $1 if  i  is an adult in year  t  and  zero if  i  is not.  However, there is no need to rule 
out negative values. To deal with them one can define A(i,t) for adults to be the 
exponential function (i.e.,  y = ex) applied to  i’s income. Because the values of this 
function are strictly increasing and always positive, it is easy to see that this will produce 
a mechanism. It will be referred to as the Income Mechanism for Relative Concern. This 
mechanism is interesting, not because it is a plausible candidate for the way relative 
concern actually might operate, but because its specification introduces a key method for 
the construction of examples. Once a mechanism for relative concern, A, has been 
identified additional mechanisms can be developed from it by composition. Let F(x) be a 
function with F(0) equal 0 whose domain includes an interval which in turn includes all 
the non-zero values of A. Within that interval assume that F is positive and has a positive 
first derivative. Under these conditions the composite F(A) will define a mechanism 
which has as its point of reference the same set of income distributions as A.(13)   Setting 
F(x) equal to xc with  c  a positive constant defines a set of functions all of which meet 
the requirements just stated for any mechanism. Using them to form composites with the 
income mechanism produces an unlimited number of mechanisms. 
 
 As with relative concern income provides the basis for a mechanism for 
adaptation. From (4) it is clear that I(t) provides a solution to (5) with H(t) equal to I(t-1) 
and K(t) equal to r(t). Using the revised expression for K(t) one sees that I(t) defines a 
mechanism compatible with the thresholds defined by setting G(t) equal to I(t-1). 
Following the usage adopted for relative concern, this will be referred to as the Income 
Mechanism for Adaptation.  Creation of additional mechanisms by composition proceeds 
in roughly the same fashion for adaptation as it did for relative concern. If B is a 
mechanism compatible with G, F a function whose domain contains an interval which in 
turn contains the range for B, and F is positive and has a positive derivative on that 
interval, then the composite F(B) is also a mechanism which is compatible with G.(14)   

Setting F(x) equal to xc with  c  positive again defines a set of functions which can be 
composed with the income mechanism to produce an unlimited number of mechanisms 
for adaptation.  
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 If the two income mechanisms are given the same point of reference then any pair 
of the mechanisms produced from them by composition can be used to define a model. 
Thus the number of models that can be produced using the Framework is limitless. It 
turns out that models which incorporate mechanisms developed by starting with the 
income mechanisms and applying composition can produce any possible pattern for well-
being over time. To show this one needs to extend the discussion of composition as a 
means for creating mechanisms for relative concern.  Composites involving functions of 
two variables can be used to construct such mechanisms. One can select any function, 
f(t), with positive values, and to set F(x,t) equal to x f(t). For any mechanism, A, the 
composite F(A,t) is also a mechanism with the same point of reference as A. This form of 
composition is useful because it shifts the value of the average in (2), from a(t) for A to 
a(t) f(t) for F(A,t). This allows one to tailor the expression for well-being that a model 
produces.  Let h(t) be the expression for a(t) produced by the income mechanism for 
relative concern and let g(t) be any function with positive values. One can set f(t) = g(t) ÷ 
(I(t) x h(t)) and use it to define F(x,t). The model which utilizes this composite with the 
income mechanism for relative concern and the income mechanism for adaptation will 
have W(t) equal to g(t).  
  
 The explanations for the Easterlin Paradox found in the literature often argue that 
the operation of relative concern, adaptation, or both will constrain the way well-being 
behaves causing the paradox to appear. The results just presented show that the operation 
of these two factors need not result in any constraint at all. Thus, one needs to understand 
in some detail how the two factors operate and, on the basis of that understanding, decide 
if in fact they do explain the appearance of paradoxical behavior. The exploration 
undertaken in the rest of this paper is directed toward that end. In this section the focus 
has been on the creation of mechanisms and models which simply obey the “rules of the 
road” established in the Framework. The discussion in the following sections will focus 
on the development of plausible mechanisms and models. These provide insight into the 
behavior for well-being that relative concern and adaptation might reasonably be 
expected to produce and the ways they might produce it. This effort begins in the next 
section with the definition of a mechanism for relative concern with values that reflect an 
adult’s position in the annual income distribution, but not the size of their income. 
 
Relative Concern 
 
 The development of a Basic Mechanism proceeds via a somewhat indirect 
approach. Initially the mechanism is specified on the assumption that the income 
distributions which provide the point of reference have "no ties": in each year no two 
adults have the same income. Once a(t) is computed, the mechanism is "extended," 
removing the no ties assumption while keeping the expression for a(t) the same.(15)  The 
mechanism is then modified by composition to see how the expression for a(t) can 
change. The benefits of starting with the Basic Mechanism will become clear as the 
discussion proceeds. 
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 With the "no ties" assumption, a value can be assigned to each individual, i, who 
is an adult in year  t  using the following simple expression. 
 
          P(i,t)  
 (7) A(i,t)   =   ——— 
        N(t) + 1 
 
As in (2) N(t) is the number of adults in year  t.  The values for P(i,t) are determined by  
i's  position in the income distribution for year  t. The adult with the lowest income is 
assigned a value of 1, the next a value of 2, and so on up to the adult with the highest 
income in that year who is assigned a value of N(t). For individuals who are not adults in 
year  t, A(i,t) is set equal to zero. A clearly meets the requirements for a mechanism. For 
it one has a(t) equal to 1/2. To see this note that in year  t the values taken by P(i,t) are the 
integers 1 through N(t). The sum of these integers is N(t) (N(t) + 1) ÷ 2, so the sum of the 
values of A(i,t) is N(t) ÷ 2.  Substituting this expression into (2) produces the value of 1/2 
for a(t).  
 
 Now consider the situation in which the distributions that provide the point of 
reference include ties. Assume that in year  t  there is a group of  k  adults who all have 
the same income and that no other adults have that income. Small amounts can be added 
to the common income producing adjusted incomes for each adult that are all different 
and fall between the common income and the income that is directly above it in that 
year’s income distribution. Call the income distributions that result from doing this year 
by year for all the groups of ties that occur in each year the Modified Distributions.(16) 
Suppose that there is a mechanism for relative concern, M, which has as its point of 
reference the Modified Distributions. In each year one can average over the values that M 
assigns to the adults in each group of ties and assign the resulting value to each member 
of the group.  It is easy to see that this defines a new mechanism, EM, which has as its 
point of reference the initial income distributions.  EM will be referred to as the extension 
of M. In each year the value for a(t) is the same for M and EM. To see why consider the  
k  adults mentioned earlier who have the same income in year t.  For EM the total 
contribution they make to the sum in (2) is k times the average value assigned to them. 
That is just the sum of the values that M assigned to them. This is true for every group of 
ties in that year. M and EM assign the same value to adults who are not in a group of ties 
so the value of the sum in (2) is the same for both mechanisms in each year. The size of 
the adult population is also the same, so the value for a(t) is the same as well. 
 

Using the procedures just described one can complete the definition of the Basic 
Mechanism.  Beginning with any choice of a point of reference, one can form the 
Modified Distributions and then apply (7) to define a mechanism which has them as its 
point of reference. The associated extended mechanism is the Basic Mechanism, BM.  
While the construction of BM requires choices, the values it assigns to each individual do 
not depend on them. The term “basic” was chosen for this mechanism to reflect the role it 
will play throughout the remainder of this paper. 
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The Basic Mechanism will be utilized extensively because it has a number of 
desirable features. Its values “average out”: the value for a(t) is constant. Because any set 
of annual income distributions taken as a point of reference will be skewed to the left and 
have a long tail to the right, the values BM produces will lead to declining gains with 
income growth as is found in actual data on satisfaction. The mechanism’s values have a 
simple meaning. They indicate where adults are in each year's income distribution. If, for 
example, BM(i,t) is .9, then  i  is about 90 percent of the way up from the bottom in year  
t.(17)   This “sense of position” is just what relative concern is intended to reflect. And, the 
Basic Mechanism is plausible because reasonable use of commonly available positional 
knowledge might reasonably produce it. 

 
The term "positional knowledge" refers to a range of information about an 

individual which is useful in assessing their economic situation. Positional knowledge is 
an important part of the standard explanation for change in consumption patterns.(18)  Its 
relevance to an individual's assessment of their income is made clear in recent work on 
expenditure cascades.(19)  Such knowledge might lead to an individual's sense of their 
position in the annual income distribution. This might occur through a process of 
successive approximation. They might decide first if they are poor, well-to-do, or in the 
middle, and then consider where in the selected group -- bottom, top, or middle -- they 
are located. This would provide the basis for a division of the income distribution into 3rds 
and then 9ths.  Even if the categories are of unequal size, continuation of this process for 
just a few more steps will give a good indication of an individual's position. Year-to-year 
change in position could be assessed in the same way. Individuals would consider their 
acquisition of new positional goods, compared to the changes reported by friends and 
colleagues and to what is discussed in the media. This is, of course, not a showing that 
relative concern operates via the Basic Mechanism. It is merely a showing that operation 
of the mechanism could rely on information of a type that adults are likely to have and 
reasonable patterns of inference are based upon it.  

 
The Basic Mechanism provides a tractable basis for an exploration of the ways in 

which relative concern might contribute to the behavior of well-being over time. The fact 
that a(t) is constant depends quite sensitively on the choice for the  expression for A(i,t) 
shown in (7). How might changes in (7) affect the expression for a(t)?  To address this 
question one can apply single variable composition in conjunction with the extension 
procedure. Let F(x) be a function such that the composite F(A) defined using the formula 
for A in (7) is a mechanism which has as its point of reference the Modified 
Distributions. Extending it defines a mechanism which references the initial income 
distributions. If F(x) is “simple” one can produce an explicit expression for a(t) for the 
composite. The expression for a(t) will be the same for the extended mechanism.  Here 
a(t) is of interest because as (2) shows, for a model developed using the Framework, it is 
the expression for a(t) that will determine how the mechanism will affect the behavior of 
well-being.  

 
As an example consider F(x)  =  x2.  Its use leads to an extended mechanism 

which will be referred to as BM2. For it the expression for a(t) is shown in (8):  



 10 

 
          1           1  
 (8) a(t)    =     —   -   -————-        
        3     6 (N(t) + 1)  
 
(8) is established by direct computation beginning with the square of the expression for A 
given in (7).  In place of the formula for the sum of the first N integers, the computation 
requires use of the formula for the sum of their squares, N (N+1) (2N + 1) ÷ 6.  Using it, 
(8) follows directly. Instead of using x2, one can begin with a somewhat different 
function, F(x) = 2x - x2, which also satisfies the requirements for composition on the 
interval from 0 to 1. Its use leads to a different extended mechanism, 2BM - BM2. For it 
the expression for a(t) is shown in (9).  
 
 
               2         1 
 (9) a(t)  =  —   +    ——-——        
              3 6 (N(t) + 1) 
 

 
BM2 and 2BM - BM2  illustrate the effect that a change in the values taken by a 
mechanism can have on its contribution to the behavior of well-being. The values for A 
that result from (7) increase uniformly as one moves up through the income levels in the 
Modified Distributions.  Composition with F(x) = x2 causes the values produced by F(A) 
to rise most rapidly at the high end of each distribution. For F(x) = 2x - x2 the rapid rise is 
at the low end. The resulting contribution by a(t) to the behavior of well-being varies 
directly with the location of the rapid rise. Assuming that N(t) increases with time the 
expression in (8) contributes toward an upward trend while that in (9) contributes toward 
a downward trend. For  A  itself there is no contribution at all because a(t) is constant. 

 
In both of the composites just discussed the variation in a(t) is quite modest. This 

is true generally for mechanisms produced by extending a single variable composite that 
begins with the expression for A in (7). To show this one needs to exploit a link with 
integration.(20)  Assume that F(x) is a function which meets the requirements for single 
variable composition. If N(t) becomes large one can show that the values for a(t) arising 
from the composite F(A) will converge to the value of the integral of F.(21) This 
convergence explains the values of one-third and two-thirds that appear in (8) and (9). 
They are the integrals of x2 and 2x - x2 from 0 to 1.  
 
 While direct use of single variable composition in conjunction with (7) can 
produce only a limited range of variation in a(t), a somewhat more subtle approach leads 
to a very different set of possibilities. The expression for A given in (7) has its non-zero 
values in the interval from 0 to 1. One can change that by forming a composite using  
F(x)  =  (m - n)  x  +  n  where  m and n are non-negative constants with  m larger than  n.  
Both the composite, F(A), and its extension define mechanisms. The non-zero values for 
both lie between  n  and  m. The computation of a(t) for the composite proceeds as 
follows: 
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 (10)   a(t)  =  Sum of F(A(i,t)) ÷ N(t) 
 
  =  F(Sum of A(i,t)  ÷ N(t)) 
 
  =  F(1/2) = (n + m) ÷ 2 
 
The key step in establishing the expression for a(t) is the observation that because F is 
linear one can switch the order in which F is applied and the averaging is performed. As 
usual, since the formula for a(t) in (10) holds for the composite, it holds for its extension 
as well. Up to this point the values for  m  and  n  have been the same in every year. 
However, everything including the computation required to establish (10) works equally 
well if they are allowed to vary with  t. Making this change introduces a two variable 
composite with F(x,t) equal to  (m(t)  -  n(t)) x  +  n(t). The composite F(A,t) and its 
extension define new mechanisms for relative concern provided that m(t) and n(t) are 
non-negative and m(t) is always larger than n(t). With suitable choices for m(t) and n(t) 
the expression for a(t) produced by the composite and so by its extension can be any 
positive function.(22)    

 

 In the remainder of this paper annual variation in the set of values produced by a 
mechanism for relative concern will be referred to as "range drift." The “annual 
variation” can refer to variation in either the interval within which the values fall or the 
shape of their distribution. BM2 and 2BM - BM2 both exhibit range drift even though 
their values remain between zero and one. Range drift is interesting because as the 
discussion in this section shows, it may indicate the operation of a mechanism for which 
a(t) plays a role in the determination of the trend over time in well-being. 
 
Adaptation and Modeling 
 
 In this section attention shifts from mechanisms for relative concern to those for 
adaptation, and to the development of models using the Framework. To create models a 
choice for the mechanism for relative concern is required. As an exploratory strategy, it 
will be assumed that relative concern operates via the Basic Mechanism.  Models which 
incorporate the Basic Mechanism will be referred to as Basic Models. In a Basic Model, 
and more generally when there is averaging out so that a(t) is a constant, a,  annual 
change in well-being has the following simple expression: 
 
 (11) W(t) - W(t-1) =   a (B(t) - B(t-1)) 
 
    =   a H(t) K(t) 
 
    =   a H(t) (r(t) - u(t)) 
 
Since  a  and H(t) are both positive the sign of W(t) - W(t-1) is the same as the sign of r(t) 
- u(t). Thus, in Basic Models the behavior of well-being over time depends on the 
specification of u(t). The discussion in this section focuses on two mechanisms, Strong 
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and Weak Adaptation, which are described in Table 1 below.(23)  The mechanisms are 
based on simple choices for u: r(t-1) and zero, respectively.  The choices for  u  explain 
the expressions shown for G and K. The expressions for B and H are developed below. 
These mechanisms provide the basis for the Basic Strong and Weak Models. For the 
Basic Strong Model there turn out to be simple well-defined conditions for the 
appearance of paradoxical behavior. For the Basic Weak Model, gains in well-being 
always accompany growth in average income so paradoxical behavior never occurs. It 
was a desire to see if the Framework could produce models with this range of behavior 
for well-being without manipulation of the mechanism for relative concern that motivated 
the search for these two mechanisms.  
 

 
TABLE 1 - MECHANISMS FOR ADAPTATION 

 
 Strong             Weak 

 
 G(t)   I(t-1) (1 + r (t-1))  I(t-1) 
 
 K(t)   r(t)  -  r(t-1)   r(t) 
 
 
 B(t)   c (1 + r(t))  +  d with c   c ln (I(t))  +  d  with  c 
    a  positive and  d  a  positive and  d  non-negative 
    non-negative constant 
 
        c ln (1 + r(t)) 
 H(t)   c    ————   when r(t) ≠ 0 
                           r(t) 
 
                         c   when r(t) = 0  
 
  
 The development of the specification of B for Strong Adaptation is quite 
straightforward. With K as shown in Table 1 the simplest choice for H, a positive 
constant  c, gives (5) the following form: 
 
 (12) B(t)  -  B(t-1)  =  c  (r(t)  -  r(t-1)) 
 
One can solve (12) for B by following the approach indicated in (6).  The general 
solution is an initial value, B(0),  plus  c  times the sum of the values of r(s) - r(s-1) for s 
equal 1 to t.  Most of the terms in the sum cancel, resulting in the following expression 
for B: 
 
 (13) B(t)  =  B(0)  +  c  r(t)  - c r(0)  =  c (1 + r(t))  +  (B(0)  -  c (1 + r(0)))  
 
Since 1 + r(t) is positive for all values of  t  including zero, the expression for B(t) given 
in (13) will be positive if  B(0) is equal to d  +  c (1 + r(0)) with  d  a non-negative 
constant. This choice for B(0) produces the specification for  B  shown in Table 1.  
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For the Basic Strong Model, if  r(t) is positive but r(t) - r(t-1) is not, I(t) will 

increase but W(t) will not. Thus, in this model paradoxical behavior will occur when 
average income is growing at a constant or declining rate. Is this account of the behavior 
for well-being plausible? To assess this one needs to consider the mechanisms that the 
model incorporates. The plausibility of BM has already been addressed. If one considers 
the form in which individuals typically receive economic information and how they 
might respond to it, one sees that the account provided by Strong Adaptation and so by 
the Strong Basic Model is plausible. Information about a national economy is typically 
provided to the public in the form of rates of change.(24)  The factors that are critical to 
the behavior of well-being over time -- u, K, and H -- all depend on the rate of change in 
average income or are constant. The specification of the thresholds is consistent with a 
simple unconscious expectation -- the general level of affluence will change this year as it 
did last year. And, the behavior of well-being is reasonable given this expectation. It is 
only when the rate of change in average income exceeds that in the previous year, 
providing a "pleasant surprise," that there is an increase in well-being. In all other 
instances in which average income grows paradoxical results occur. 
 
 The development of the specification of B for Weak Adaptation is less 
straightforward. Since K(t) is equal to r(t) (5) takes the following form: 
 
 (14) B(t)  -  B(t-1)  =  H(t)  r(t) 
 
If one again makes the simplest choice for H -- a positive constant  c --  the solution to 
(14) is an initial value, B(0), plus  c  times the sum of r(s) for  s  equal  1  to  t. Because 
r(s) can be negative one cannot be sure that the sum will always be positive. And, unlike 
the strong case, there does not appear to be a simple way to ensure that it will remain 
positive.(25)  So, to find a solution to (14), one allows H(t) to vary. Once that step is taken 
there are many possibilities. The challenge is to identify a recognizable expression for B. 
As noted earlier, the Income Mechanism for Adaptation is compatible with the 
specification of  G  in Table 1. Beginning with it one can produce the specification for B 
shown in the table by applying single variable composition with F(x) equal to  c  ln (x) + 
d.  With c  a  positive and  d  a  non-negative constant this choice for F is positive and has 
a positive derivative on the interval on which x is greater than 1. Because the values for 
I(t) are required to be positive and large, this interval includes them. 
 
 To complete the discussion of Weak Adaptation, the expressions for H provided 
in Table 1 need to be verified. Based on the properties of logarithms and (4) it is easy to 
see that B(t) - B(t-1) is equal to  c  ln (1 + r(t)). One can substitute this expression into 
(14). When r(t) is not zero, one can then divide by it to obtain the first expression for  H  
shown in Table 1. Since ln (1 + r(t)) is positive or negative depending on whether r(t) is 
positive or negative, the first expression is positive when r(t) is not zero. When r(t) is zero 
(14) ensures that B(t)  -  B(t-1) is zero as well. Thus, one could complete the specification 
of H by setting it equal to an arbitrary positive constant whenever r(t)  is 0. However, an 
arbitrary choice isn't necessary. The limit of  c ln (1 + x)  ÷  x  as  x  approaches zero is  
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c.(26)  Thus setting H equal to  c  when  r(t)  is 0 as shown in Table 1 completes the 
definition of H in a "natural fashion." 

 
 The mechanism for Weak Adaptation does not arise in a simple, straightforward 
fashion. And, it lacks desirable features such as bounded values which the mechanism for 
Strong Adaptation enjoys. However, the Basic Weak Model does provide a plausible 
account of year-to-year change in well-being. As in the strong case, the critical factors -- 
u, K, and H -- all depend on the rate of change in average income or are constant. And the 
specification of the thresholds reflects a simple unconscious expectation -- the general 
level of affluence will be the same this year as last. If this is the view that is generally 
held then gains in well-being should accompany any increase in average income. And 
that is exactly what the model produces. 
 
Families of Mechanisms 
 
 The choices made in the development of the mechanism for Strong and Weak 
Adaptation can be modified, leading to variation in the conditions for the appearance of 
paradoxical behavior in the resulting Basic Models. Exploration of the scope for such 
variation is the goal of this section. As (11) shows, for Basic Models the conditions for 
paradoxical behavior depend on the choice for  u.  The discussion here will focus on 
variation in  u  which depends on a "parameter" that for certain values produces the 
expression for  u  shown in the first column of Table 1. Such parametric families provide 
insight into the ways that operation of Strong Adaptation might change over time or 
across nations in response to “other factors” which influence well-being but are not the 
focus of the models produced using the Framework.  
 
 One way to develop a parametric family is to incorporate “lags,” that is values of 
r(s) for  s  less than t-1 in the specification for  u.(27) Keeping things simple one can set 
u(t) equal to  c  r(t-1)  +  d r(t-2) where  c  and  d  are non-negative constants.(28)  
Assuming that  c  +  d  is equal to one u(t) can be rewritten as  c  r(t-1) + (1-c)  r(t-2) 
making it dependent on a single parameter. This expression for  u  reduces to that for 
Strong Adaptation if  c  equals 1.  Further, with this assumption 1 + u(t) will be equal to 
c(1 + r(t-1)) + (1-c) (1 + r(t-2)). Because 1 + r(t) is positive for all values of  t  1 + u(t) 
will be positive as well so  u  can be used to define a set of thresholds. If  c  is required to 
be greater than 1/2, these thresholds will reflect a reasonable unconscious expectation: 
change this year will be an average of that experienced in the last two years, with the 
more recent year given the greater weight. For each value of  c  K(t) can be written as  c 
(r(t) - r(t-1))  +  (1 - c)  (r(t) - r(t-2)) so the conditions for K(t) to be negative or zero 
while r(t) remains positive will vary with  c.  As a result Basic Models with compatible 
mechanisms for adaptation will have a varying set of conditions for the appearance of 
paradoxical behavior 
 
 To produce a second parametric family one can set u(t) equal to c r(t-1) with  c  a 
constant in the range from zero to one. This family includes the specifications for both 
Strong and Weak Adaptation. These arise when  c  is equal to 1 and 0, respectively.  For 
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each value of  t  greater than zero the values taken by 1 + u(t) fill out the interval from 1 
to 1 + r(t-1) as  c  varies.  Since 1 + r(t-1) is positive, all of the values for 1 + u(t) will be 
positive as well. So, for each value of  c, the associated expression for  u(t) can be used to 
define a set of thresholds. These reflect an unconscious expectation ranging from “no 
change from last year” for  c  equal to zero to “the same change as last year” for  c  equal 
to one.  A Basic Model which incorporates a mechanism for adaptation compatible with 
thresholds defined using the expression for u(t) associated with a value of  c  between 0 
and 1 will produce paradoxical behavior, but under a restricted set of conditions. One has 
K(t) equal to r(t) - c r(t-1) so W(t) - W(t-1) can be negative or zero while r(t) remains 
positive, but only if r(t) is less than or equal to  c r(t-1). The behavior of well-being shifts 
from easily paradoxical when  c  is near one to nearly never so when  c  is near zero.  
 
 In both of the families just discussed the specification for  u and so for G  depends 
on a single parameter, c. For each family it would be interesting to have a specification 
for B compatible with that for G in which the dependence on  c  is explicit as well. (15) 
provides such a specification for the family developed using lags: 
 
 (15) B(t)  =  h (1 + r(t))  +  h(1-c) (1 + r(t-1))  +  k 
 
In (15)  h  is the value for H(t) which is constant and  k  is a non-negative constant.(29)  
Whether such a specification can be developed for the second family is an open question. 
However, even without it the second family is quite useful. It shows how change in the 
expectations that determine the thresholds might lead to dramatic shifts in the behavior of 
well-being over time. As the discussion in the next section will show, similar possibilities 
for shifts may arise when one considers groups of nations. 
 
 The notion of families arises in connection with adaptation. As the preceding 
discussion makes clear, it helps one to see how variation in mechanisms might come 
about and how it might lead to variations in the behavior of well-being in models that 
incorporate them. Once this notion is in mind one can look back to see if it is useful for 
relative concern. What one is seeking is a family of mechanisms that depend in a simple 
fashion on a single parameter, c. Consider BMc produced by extending the composites of 
A as defined in (7) with F(x) equal to xc. As  c  varies from one to two these mechanisms 
shift from BM to BM2. These two mechanisms do make different contributions to the 
behavior of well-being. While the extent of variation is quite modest this example does 
show how parameters that reflect the effects of “other factors” might arise within 
mechanisms for relative concern.  
 
A Multinational Approach       
 
 Thus far the Framework has been used to explore the range of mechanisms and 
models which might be applicable to a single nation. However, a rather different 
exploratory approach can be taken. The Framework can be applied to a group of nations 
(j =  1, 2, · · · J), developing models for each of them. These models will yield 
expressions for well-being, W(j,t).(30)  If in such a multinational approach a common 
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definition of income is used for all the nations then in each year the annual average 
income, I(j,t), will be comparable across the nations. So, in each year one can examine 
the behavior of average income and well-being across the nations. In actual data of this 
sort compiled for a large, representative group of nations researchers have found a pattern 
of declining gains in well-being as average income rises, similar to the pattern for 
satisfaction as individual income rises.(31)  In light of this one might ask whether for such 
a group the values for well-being produced by Basic Strong or Weak Models developed 
for each nation will exhibit such a pattern. This section addresses this and a number of 
related questions. 
 
 In Basic Models the expression for well-being has a simple structure. Keeping 
things a bit general the expression can be formulated as follows: 
 
 (16) W(t)   =   a(t) (c b(t) + d)  
 
In fact a good deal is known about a(t) and b(t) as well as  c  and  d. In all Basic Models 
a(t) equals 1/2. Models which incorporate Strong Adaptation have b(t)  equal to 1 +  r(t), 
while those with Weak Adaptation have b(t) equal to ln (I(t)). In both types of models   c  
is  positive and  d  non-negative.  Using the Framework to develop a Basic Strong or a 
Basic Weak Model for each nation in a group allows c  and  d  as well as  b  to vary with  
j.   If one fixes  t  and looks at the variation in  W  across the nations, the pattern that 
results is hard to assess without knowing how  c  and  d  will behave. Also, because one is 
dealing with a group of nations, new questions arise. What about the possibility 
suggested by the families  -- that key considerations of expressions such as u(t) which 
determines the thresholds will vary across nations, allowing each nation to have a very 
different expression for  W?  For example, as the family defined by u(c,t) = c r(t-1) 
shows, parametric change can shift the mechanism in a Basic Model from Strong to 
Weak Adaptation, resulting in a major shift in the expression for well-being. The 
possibility for a major shift also arises if one develops Basic Strong or Weak Models for 
all the nations in a somewhat more flexible fashion than is permitted by the Framework.   
 

When developing Basic Models for a group of nations could use a single set of 
income distributions that contain pooled income data as the point of reference for all of 
them.  Doing this will not affect the development of the mechanisms for Strong or Weak 
Adaptation. However, for each nation the Basic Mechanism will reflect values for P(j,i,t) 
determined by the position of the adults in that nation in the pooled data for year  t. To 
appreciate the potential effect of this change, it is useful to consider a very simple, 
hypothetical example in which an explicit expression for a(j,t) can be developed based on 
a full set of pooled data. Assume that a group of nations all have the same size adult 
population in each year, N(t). Assume further that there is no overlap in incomes among 
the nations -- in every year all the adults in the first nation (j = 1) have incomes lower 
than any individual in the next nation (j = 2), and so on up to the next-to-last nation (j = J 
-1) in which all adults have incomes lower than any adult in the last nation (j = J). With 
these assumptions the formula for  a(j,t) developed using pooled data for year t is as 
follows: 
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        (2 j -1)  N(t)  +  1 
 (17) a(j,t)  =     ———————  
           2 (J  N(t) + 1) 
 
To verify (17) one starts with the first nation. Applying (7) using the pooled data it is 
easy to see that a(1,t) is the average of   i  ÷  (J N(t) + 1) for  i  equal 1 to N(t). The value 
of this average is N(t) + 1 divided by 2 (J N(t) + 1). Because of the equal population and 
“no overlap” assumptions, the set of values to be averaged for the  jth nation are those for 
the first nation each increased by ( j -1) N(t) divided by J N(t) + 1. So, the expression for  
a(j,t) is the expression for a(1,t) increased by that amount. Combining the expressions for 
a(1,t) and the increase leads directly to (17). While the computations just discussed use 
the mechanisms which have as their point of reference the Modified Distributions, by the 
usual argument involving "averaging over ties" (17) holds for the Basic mechanisms as 
well. 
 
 If pooled income data is used to develop Basic Strong or Weak Models a real not 
a hypothetical group of nations, the expression for well-being for each nation will take 
the following form: 
  
 (18)   W(j,t)  =  a(j,t) [ c(j) b(j,t)  +  d(j) ]    
 
The variation in a(j,t) across the nations may be quite important in determining the 
behavior of W(j,t). One would certainly expect a(j,t) to increase as I(j,t) rises. This 
behavior is “built in” via (7).  The distribution of annual average incomes for a large 
representative group of nations is typically skewed to the left with a long tail to the 
right.(32)  Because of this shape, an expression for a(j,t) which is linear in  j, as is that 
shown in (17), will contribute to the pattern of declining gains that one expects in the plot 
of W(j,t) against I(j,t) for a fixed value of t.  In this situation, for both Basic Strong and 
Weak Models the variation in  a, c, and d  may produce the expected shape for the plot.  
On the other hand, their behavior may be so disruptive that the anticipated shape for the 
plot does  not materialize.  
 
 Having opened the door to changes in the treatment of the point of reference in 
the Framework it is useful to consider a second possibility: there may be different points 
of reference for the two mechanisms. The mechanism for relative concern might 
reference a measure of individual income while that for adaptation reflects a broader 
measure, for example real Gross Domestic Product (GDP) per capita. In this situation, the 
behavior of well-being in Basic Strong and Weak Models developed using the 
Framework will depend solely on the behavior of real GDP per capita. To explore the 
implications of that the information in Table 2 was developed. The table shows the sign 
of the slope for linear time trends -- y  =  c t  +  d -- fitted to data for the period 1949 or 
1950 to 2008.(33) 
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TABLE 2 - TRENDS IN GDP PER CAPITA 
 

    - - - - -Slope of Time Trend - - - --  
   Level  Rate of Change  
   
High GDP per Capita   
US Positive    Negative 
Canada Positive    Negative 
France Positive    Negative 
Germany Positive    Negative 
Norway Positive    Negative 
UK Positive    Zero 
Japan Positive    Negative 
   
Low GDP per Capita    
Turkey Positive    Negative 
India Positive    Positive 
Sri Lanka Positive    Positive 
Malaysia Positive    Positive 
China Positive    Positive 
Brazil Positive    Negative 
Argentina Positive    Positive 

 
 
   For all of the nations listed in Table 2 the level of GDP per capita has a positive 
trend. What differs is the trend in the rate of change in GDP per capita. In the nations 
with a high current level of GDP per capita the trend in the rate of change is generally 
negative while for the others it is generally positive. If the data that produced the results 
shown in Table 2 were used to develop Basic Strong Models for all of the nations listed, 
these models would generally exhibit paradoxical behavior -- indicated by an upward 
trend in I(t) but not in W(t) -- for all of the nations with high GDP per capita but not for 
most of those with a low GDP per capita. The ability to distinguish the two groups could 
be evidence in favor of an explanation of the paradox based on the Basic Strong 
Model.(34)  On the other hand, it might indicate that the Basic Strong Model applies to 
some nations but not to others. With the second possibility the mechanism for adaptation 
appropriate to a nation might vary in a complex fashion, making the situation quite 
unclear. 
 
 The results developed in this section have implications for the way in which the 
multinational approach might best be used. One might hope to use it for testing, to see 
which among a range of models best meet the various constraints that experience 
imposes. But, at this stage, such testing appears unlikely to be productive. Instead, the 
multinational approach might best be exploited to explore the consequences of variations 
in the mechanisms and the Framework. As the results discussed in this section make 
clear, applying the multinational approach requires choices in the way the Framework is 
applied and in how variation in mechanisms is limited. It is hard to see how testing would 
work without knowing at least some of the “right” choices. 
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The Two Concerns 
 
 The work presented in this paper was undertaken to address two concerns that 
arise from the attempts to explain the Easterlin Paradox based on the operation of relative 
concern and adaptation. In the Introduction the concerns raised by the explanations were 
described as follows: 
 

First, because they do not provide a detailed description of the 
mechanisms by which the factors operate they are, to varying degrees, 
incomplete. Second, because the treatment of the factors is shaped by an 
effort to explain the paradox, the range of possibilities for their operation 
is not thoroughly considered.  
 

The results obtained can now be drawn together to address these concerns about 
completeness and breadth and the issues they raise.  
 
 When the work presented here was begun it was anticipated that for a nation a 
formal mathematical model which produces the Easterlin Paradox under well-defined 
conditions could be developed. Such a model did emerge. The Basic Strong Model 
developed using the Framework provides a simple, plausible explanation for the paradox. 
In this model the description of the mechanisms by which the two factors operate is 
complete. And, it is clear how and under what conditions their operation will cause 
paradoxical results to appear. However, Basic Models which incorporate generalizations 
of Strong Adaptation provide alternative sets of conditions for the emergence of 
paradoxical behavior. In addition, a range of unexpected possibilities emerged. The Basic 
Weak Model shows that relative concern and adaptation can also produce a log-linear 
relationship between well-being and average income -- just what those who deny the 
existence of the paradox generally seek to establish. And, the account of the behavior of 
well-being that this model provided is also plausible.  
 
 The results just summarized make it clear that it is not enough to show that a 
model which incorporates a particular pair of mechanisms for relative concern and 
adaptation can provide a plausible explanation for the paradox. One needs to go further 
and determine how the two factors actually operate. The need for this detailed 
information on their operation is needed becomes clear if one considers the limited 
conclusions that could be drawn from success in applying a Basic Model. Assume that 
for an appropriate choice of the constants  c  and  d  the expression for well-being 
produced by such a model turned out to fit the available data for a certain nation exactly. 
Using the approach taken in the section on Initial Applications, one can show that the 
same exact expression for well-being can arise from another model in which the 
mechanism for adaptation is chosen arbitrarily.  Assume that A and B are mechanisms 
that define a model with W(t) = a(t) B(t) and that M is any mechanism for adaptation 
different from B but with the same point of reference. Set f(t) equal to B(t) ÷ M(t).  B and 
M are both positive so  f  is well-defined and positive as well. With this choice for f(t), 
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the composite F(A,t) provides a mechanism for relative concern. The expression for well-
being produced by the model that incorporates it along with M is  a(t) f(t) M(t). This 
equals a(t) B(t), the expression produced by the initial model.  So, for example, a model 
which produces the expression for W(t) produced by the Basic Strong Model could 
incorporate the mechanism for Weak Adaptation shown in Table 1. If one knows 
(somehow) that A averages out the specification for B will, of course, be known because 
it is the same as  W. However, the unconscious assumptions reflected in  u  and the 
strength of response indicated by H will remain hidden. Knowing B does not identify  u  
or  H any more than knowing W identifies A or B.  
 

Interest in detailed information concerning the operation of the two mechanisms 
also arises from the desire to account for the effects of other factors. The literature on 
well-being identifies many factors in addition to relative concern and adaptation that 
affect well-being.(35)  In the Framework these factors are assumed to operate through the 
mechanisms for relative concern and adaptation.  Parameters that appear in the 
expressions for the mechanisms that have been developed provide a means for this. 
Consider adaptation. As Table 1 shows the specification of B for Strong and Weak 
Adaptation involves a pair of parameters. Additional parameters arise in the choices for  
u  and specification for B for the families. It is reasonable to assume that these parameters 
will be determined by other factors. But, how that might occur is currently unknown. 
Turning to relative concern, BMc provides a family in which mechanisms shift over time. 
As noted in the discussion of the data in Table 2, at some level of GDP per capita a nation 
may transition from Weak to Strong Adaptation.(36) To anticipate such a transition and so 
correctly assess the change in well-being that might accompany future economic growth, 
one needs to know in some detail how the mechanism for adaptation operates.  

 
  Before attempting to determine how relative concern and adaptation operate the 
results obtained thus far support further use of the Framework as part of an effort to 
identify additional mechanisms by which they might operate. They do this by making it 
clear that stopping too soon in the hunt for mechanisms can inappropriately limit one's 
sense of what is possible. Consider relative concern. If one examined only mechanisms 
that arise from the Basic Mechanism through single variable composition, one might be 
led to believe that a(t) cannot make a substantial contribution to the behavior of well-
being. Two variable composites provide a very different perspective. Similarly, if only 
Strong Adaptation and its variants were considered, a narrow view of the behavior of 
well-being in Basic Models would emerge. Weak Adaptation broadens that view. In this 
paper only four really different mechanisms -- the Income and Basic Mechanisms for 
relative concern and the Strong and Weak Mechanisms for adaptation -- have been 
analyzed in detail. As developments such as Prospect Theory(37) show, how individuals 
respond to economic information can depart quite markedly from what one might expect. 
Further exploration may produce an encounter with the unexpected.  
 
 In the search for mechanisms it can be useful to place restrictions on the point of 
reference. For example, assume that all the incomes are non negative. In that case one can 
specify a mechanism for relative concern by setting A(i,t) equal to i’s income in year  t  
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plus $1 if  i  is an adult in year  t  and zero otherwise. Set f(t) equal to one over one plus 
the median income in year  t, M(t). For the composite F(A,t) defined using f(t) one has 
a(t) equal to I(t) + 1 divided by M(t) + 1. So, if the mechanism defined by the composite 
is included in a model developed using the Framework, increasing inequality indicated by 
faster growth in I(t) than in M(t) will contribute to an upward trend in well-being. This 
mechanism provides an illustration of the way in which a specific “other factor,” in this 
case inequality, might operate one of the mechanisms included in models developed 
using the Framework. As part of a continuing exploratory effort it would be useful to 
develop other examples of such operation.   
 

The results obtained thus far also support further exploration of changes in the 
Framework. Consistent with the general approach described by Krugman in the passage 
cited in the introduction, the Framework was intentionally kept quite simple. The results 
developed in the section on the multinational approach make the importance of 
considering changes in it clear. It is not enough to understand the mechanisms for the two 
factors. One must also understand how they are to be brought together and used. There 
are many ways in which the Framework might be modified. Changing the expression for 
satisfaction or the requirements imposed on the mechanisms come immediately to mind. 
However, apart from allowing some flexibility in the choice for and requirements on the 
point of reference, useful changes have not been identified. 
 
Final Comment 
 
 The challenges that arise in explaining the Easterlin Paradox and in the conduct of 
well-being research in general are in many respects similar. This is because both address 
causation. A recent survey article described the general state of well-being research as 
follows: 
 

"Much of the considerable knowledge that has been gained is currently at 
the level of correlation. That does not make it wrong or misleading. But it 
does mean that, as is often true with observational -- rather than 
experimental -- social science, we have to be cautious before we can go 
from even very strong patterns in the data to judgments about cause-and-
effect (in a form, say, that would be decisively helpful to those involved in 
policy-making)."(38) 

 
In any effort to establish causation there are a standard set of concerns. The importance of 
Type I and II errors -- accepting a false hypothesis or rejecting one which is true -- has 
long been recognized. Recently the importance of Type III errors -- accepting a true 
hypothesis for the wrong reasons -- has also been acknowledged.(39)  It is the possibility of 
all these sorts of errors that makes the transition from correlation to causation so difficult. 
 

What is needed to move from correlations to judgments about causation? A well-
known paper on statistical methodology notes that "causal relationships are seldom to be 
inferred from a data set by running statistical algorithms, unless there is substantial prior 
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knowledge about the mechanisms that generated the data."(40)   Formal modeling of the 
sort undertaken in this paper can play a useful role in the development of such 
"substantial prior knowledge." To see this it is useful to consider the role it plays in two 
areas. The use of formal models is common in macroeconomics and epidemiology.  In 
the first area formal models have long played an important role in analyses of economic 
growth. The Solow model and the residual in productivity data to which its development 
led provides a well-known historical example. Today efforts based on endogenous 
growth theory continue the productive "back and forth" between model building and 
empirical analysis.(41)  Epidemiology may seem far removed from well-being. However, 
the two fields share a key feature -- both seek to establish cause-and-effect relationships 
based in part on analyses of large, complex data sets. Epidemiology has a long history.  
Experience in that field shows that the development of formal models is a useful 
complement to empirical analysis.(42)  Models of economic growth and the spread of 
infectious diseases provide a distillation of “substantial prior knowledge,” packaged in a 
form that facilitates empirical analysis. 
 

 For well-being research in general formal modeling of the sort undertaken in this 
paper may prove useful as part of the effort to establish causal relationships. However, 
adding formal modeling to the research agenda will increase its complexity. In his recent 
book Kahneman frames the requirement for acceptance of such an increase: 
 

In science complexity is considered a cost, which must be justified by a 
sufficiently rich set of new and (preferably) interesting predictions of facts 
that the existing theory cannot explain."(43) 

 

Are the results obtained from formal modeling likely to be sufficiently novel and 
interesting to be worth the additional effort? Based on the evidence in this paper, the 
answer appears to be "yes."  
 
 The formal modeling described in this paper has produced a number of results 
which are novel and,  hopefully, of general interest. One is a complete statement of 
requirements for the mechanisms that govern the operation of relative concern and 
adaptation. The requirements for relative concern are fairly straightforward. However, 
those for adaptation certainly are not.  Another is the showing that the operation of 
relative concern and adaptation can in a plausible fashion both explain the appearance of 
the Easterlin Paradox and produce a log-linear relationship between well-being and 
average income. There are also many technical results -- the use of composition to 
produce or modify mechanisms, the formulas for a(t) for BM2 and 2BM - BM2 and their 
linkage to integration, the shift in the structure of a(j,t) when pooled income data is the 
point of reference, and the connection between Strong and Weak Adaptation provided by 
the family that produces their common generalization. These results would not have been 
suspected let alone demonstrated without formal modeling. 
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Notes 

 
 

1. There is no standard statement of the Easterlin Paradox. This paper relies on the 
framing provided in the introduction to the volume edited by Diener et al. (Citations 
for all the books, papers, and sources of data mentioned in these notes are provided in 
the references.) 

 
2. Evidence is provided in the paper by Stevenson and Wolfers. That there is still 

controversy is made clear in the "summary of the debate" provided in the book by 
Bok.  

 
3. See, for example, the discussion of the paradox in the volumes by Frey and Graham 

and  in the papers in those edited by Bruni et al. and Diener et al.  
 
4. The material cited appears on page 53 of the volume of essays by Krugman. 
 
5. See, for example, the text by Dadkhah, particularly the discussion of growth models 

in Chapters 3 and 11 and the text edited by Vynnycky and White, particularly Chapter 
1. 

 
6. The indexing of the individuals (i.e., the assignment of the i values) has to deal with a 

changing population over time. For convenience it is assumed that a unique integer, 
similar to the U.S. Social Security number, is assigned to each individual at birth and 
that it provides the value for i. However, none of the results in the paper depend on 
the use of this particular indexing method. 

 
7. The volume edited by Salverda et al. provides information on the shape of a nation’s 

income distribution. 
 
8. The essential requirement for I is that its values have a positive lower bound. For 

convenience it is assumed that the values are greater than 1. 
 
9. The sign of any real number, x, is defined as follows: 
 
      1     if  x  >  0 
  Sign (x)    =       0    if   x  =  0 
     -1    if   x  <  0  
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10. By this point in the discussion, the logic behind the framing for (5) should be clear. 
The basic idea was to constrain the ratio between B(t) - B(t-1) and I(t) - G(t) to be 
positive. The ratio was expressed as H(t) ÷ I(t-1) rather than simply as H(t) to 
facilitate the introduction of u(t), which, it turns out, makes (5) easier to solve. 

 
11. For a plot of satisfaction vs. individual income see the paper by Frank in the volume 

edited by Bruni and Porta. The plot shows declining gains quite clearly. 
 
12. For a discussion of the various ways income is defined see again the volume edited 

by Salverda et al., particularly Chapter 4. 
 
13. The only requirement for mechanisms for relative concern that is not immediately 

clear for F(A) is that in each year gains in satisfaction will accompany growth in 
income. To verify that note that if  i  and j are adults in year  t  and  i  has the larger 
income in that year then A(i,t) is greater than A(j,t). It follows directly from the Mean 
Value Theorm (MVT) that there is a point, x, in the interval between the values for A 
such that F(A(i,t)) is F(A(j,t)) plus the derivative of F at x times A(i,t) - A(j,t). Since 
the derivative is positive F(A(i,t)) is greater than F(A(j,t)).  (See the text by Banner or 
any other introductory calculus text for a discussion of the MVT.) 

 
14. To show that the required positive function associated with F(B) exists one applies 

the MVT again. If B(t) is not equal to B(t-1) the theorem  ensures the existence of a 
value, x(t), between B(t-1) and B(t) such that F(B(t)) - F(B(t-1))  is equal to the value 
of the derivative of F at  x(t) times B(t) - B(t-1). Because the derivative is positive its 
value at x(t) times the value of the positive function, H(t) associated with B defines 
the value for the required function. If B(t) equals B(t-1) then from (5) one sees that 
K(t) must also be zero so one can set the value for the required function equal to an 
arbitrary positive constant.  

 
15. The technique used to develop the Basic Mechanism -- dealing first with a tractable 

special case and then bootstrapping the general on the special -- is common in 
mathematics. For an interesting account of a much more substantial use of it, see the  
discussion of the mathematics of string theory provided in the book by Yau and 
Nadis, particularly Chapter 5. 

 
16. To ensure that the Modified Distributions are well defined a procedure for setting and 

assigning the increments needs to be specified. If in year t incomes are given to an 
accuracy of $1, then in that year one can add increasing multiples of $1 ÷ (N(t)  + 1) 
to the incomes of those in each group of ties, based on the order in which the groups 
arise in the annual income distribution and a randomly selected but specific order 
within each group. This procedure can be adjusted to account for the actual level of 
accuracy in the income data. 
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17. As usual, one begins with the Modified Distribution. If  i  is an adult in year  t, FA(i,t) 

is the fraction of the adults in year  t  with incomes less than or equal to that of  i,  and 
P(i,t) and A(i,t) are as in (7), then the relationship between FA and A is as follows: 

  
    P(i,t)                             1 
      FA(i,t)   =  ——   =  A(i,t)    1  + —— 
     N(t)              N(t) 
 

It is easy to see that if one moves to the initial distribution and replaces A(i,t)  with 
BM(i,t), then the relationship continues to hold provided  i  is not part of a group of 
ties, If  i  is part of such a group the relationship will hold provided that each member 
of a group of ties is treated as if they were in the middle of the group. With this 
"positioning convention" BM(i,t) differs from FA(i,t) by the second factor on the 
right which is less than 1 ÷ N(t) because A(i,t) is less than one.  

 
18. See the volume by Brown. The discussion there of the shifts in consumption patterns, 

particularly since 1973, makes the importance of positional knowledge quite clear. 
 
19. See the recent volume by Frank, particularly the discussion on pages 61 to 63. 
 
20. See the book by Banner or any other elementary calculus text for a discussion of the 

definition of definite integrals and the error estimates related to them. 
 
21. The values for A(i,t) produced by (7) partition the interval from 0 to 1 into 

subintervals of length 1 / (N(t) + 1),  Let LS(t) be the sum that converges to the 
integral of F from 0 to 1 defined using the lower end points of the subintervals 
defined by A(i,t) to specify the values for F. Through a term-by-term comparison 
with the average that defines a(t) for the composite F(A) one can show that a(t) and 
LS(t) have the following relationship: 

 
         N(t) + 1                F(0) 
      a(t)  =     ———       LS(t)  -  ———     
            N(t)    N(t) + 1     

 
With a bit of manipulation the expression for a(t) yields the following: 
 
          LS(t)  -  F(0) 
      a(t)  -  LS(t)  =   ————— 
               N(t) 
 
If one assumes that the derivative of F is bounded on the interval from 0 to 1 then 
standard error estimates for the definite integral show that the difference between 
LS(t) and the value to which it converges is a multiple of 1 ÷ N(t). Combining this 
with the expression for a(t) - LS(t) one sees that the difference between a(t) and that 
value is also of the order of 1 ÷ N(t). So, the difference in values for a(t) is of that 
order as well. 
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22. Let f(t) be a function with positive values. Setting n(t) equal to 2 f(t) / 3 and m(t) 
equal to 2 n(t) provides a specification for F(x,t). For it one has (n(t) + m(t))  /  2 
equal to f(t). If one limits the range for  n  and  m  the range for  f  will be limited as 
well. However, even with  n  and  m  between zero and one, substantial variation in  f  
is possible.  

  
23. The "strength" of a mechanism for adaptation indicates the extent to which the 

available historical information on the evolution of average income is incorporated in 
the thresholds with which it is compatible. Thus, the inclusion of  r(t-1) along with 
I(t-1) in the specification for G makes the first example shown in Table 1 "strong" 
while its exclusion in the second makes it "weak." 

 
24. See, for example, the Economic and Financial Indicators that appear at the end of 

each issue of the Economist. TV coverage, from which most economic information is 
obtained in the U.S., is even more reliant on rates of change. On the importance of 
TV see the paper by Blinder and Krueger. 

 
25. One can, of course, ensure that B is positive up to any value of t. To do this one can 

replace r(s) by 1 + r(s) in the sum that defines B(t). This shifts the constant in the sum 
from B(0) to B(0) - c t.  Given a value for B(0) one can choose  c  so that B(0) - ct  
remains positive up to any desired value of  t.  However,  c  may need to be quite 
small, causing  B to be close to constant.  

 
26. To obtain the limit one applies L'Hôpital's Rule. See again the text by Banner. 
 
27. See the paper by Di Tella and MacCulloch in the volume edited by Diener et al. for 

an example of the use of lagged values in well-being research. 
 
28. This necessitates the introduction of r(-1) and the assumption that 1 + r(-1) is, as 

usual, positive. 
 
29. It is fairly easy to check that B(t) satisfies (5) with H(t) and k as described in the text. 

To develop the expression for B one carefully solves (5) with H constant. 
 
30. In dealing with a group of nations the notation previously established -- I and r for the 

level and change in average income, A and B for the mechanisms that define a model, 
W for well-being, etc. -- will continue to be used. The incorporation of the index j, 
writing W(j,t) in place of W(t) for example, will address the additional complexity. 

 
31. See the paper by Deaton and the volume by Graham for a discussion of these cross-

sectional results. 
 
32. See the volume by Milanovic. 
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33. The data used was developed by Angus Maddison. The choice of starting point was 
dictated by the data. 

 
34. The paper by Layard et al. in the volume edited by Diener et al. argues that the 

Easterlin Paradox is a feature of "advanced nations,” and not those with a lower level 
of GDP per capita. 

 
35. See the paper by Helliwell et al. in the volume edited by Diener et al. for a discussion 

of a range of other factors. 
 
36. See the paper by Eichengreen et al. for a discussion of other Income-related shifts. 
 
37. See the volume by Kahneman, particularly Part IV. 
 
38. See the paper by Blanchflower and Oswald. The passage cited appears on page 24. 
 
39. Type I and II errors are addressed in the Economists' Mathematical Manual. Type III 

errors are not. See the paper by Schwartz and Carpenter for a discussion of them. 
 
40. See the paper by Freedman. The passage cited appears in the abstract.   
 
41. See again the text by Dadkhah as well as the paper by Fogel in the volume edited by 

Costa and Lamoreaux. 
 
42. Formal models which identify, describe, and explain the general conditions for the 

spread of infectious diseases are in common use. For an example of their role as a 
basis for empirical analysis see the paper by Spear et al. 

 
43. The passage cited appears on page 281 of Kahneman's book. 
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