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Abstract

This paper constructs a series of models that consider the influence of capital, immigrant, and native skills 

on the benefits that natives derive from immigration. A major contribution of this work is the use of this framework 

to analyze the benefits of skill-differentiated immigration to natives over multiple periods, over which it is 

conjectured that immigrants become more like the native population. Some initial empirical evidence establishes the 

possibility of this effect, and significant related works are briefly surveyed. It concludes that the more static 

immigration is with respect to the distribution immigrant skills from period to period, the fewer are benefits that 

will be derived in subsequent periods due the gradual assimilation of immigrants into the “native population.”
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I. Introduction

America is a country of immigrants and their descendants. Some have roots here spanning back hundreds of 

years, while most are descendants of immigration of the past two centuries. Some were brought here against their 

will in indentured servitude or the shackles of slavery, while others came seeking freedom or, often the economic 

opportunities of a promising new life. Prior to the 1920’s, America had an open-door immigration policy and large 

immigrant inflows, but in the years since, xenophobia and the fear of the social and economic impact have 

constrained the flow of immigrants, although we still allow more immigration than most developed countries. 

Immigration has become a controversial topic in the rest of the developed world as well. In Europe recently, “support 

has risen for virulently anti-immigrant political parties, such as the National Front in France, the National Alliance 

in Italy, and the Republicaner of Germany.”1  Everywhere it seems, developed countries are turning up their noses at 

immigrants and clamping down the gates.

Because many arguments in the immigration debate are economic, a better understanding of the economic 

impact of immigration is needed. This paper examines the benefits of immigration to natives for the admission of 

immigrant workers of different skills, building upon work done by Borjas in “The Economic Benefits of 

Immigration.” In addition to more concrete derivations and verifications of Borjas’s theory, the same framework is 

used to consider the possibility that they become integrated into the mainstream of the host country -- that is to say, 

the idea that economically, over time, they assimilate into the native population. The analysis based on this long-

run model of the immigration surplus suggests that over time a static immigration policy will cause these benefits 

to diminish substantially. Finally, some of the evidence for the impact of immigration and assimilation from recent 

works is examined, as well as the development of an initial empirical analysis using Decennial Census data.

The theoretical section of this paper uses a combination of intuitive logic, basic math, and graphs to build 

models that explain the underlying ideas and concepts behind this analysis of the economic benefits to immigration. 

Gradually, building from a simple analysis based upon Neoclassical theory, the models are made more complex and 

realistic until an accurate analysis of the impact of immigration can be made. The empirical survey reviews related 

works, notes some data estimates original to this paper, and suggests some explanations for the results. An 

extensive appendix contains detailed mathematical derivations of the theory constructed earlier, and also some 

example simulations (using the derived formulas) of the type used in the construction of the theoretical graphs.

1 Hunt & Friedberg, 1995 (23).

2Honors Thesis



II. Theoretical Models2 

A. Neoclassical Model3

The immigration surplus, as defined by Borjas is understood in the neoclassical framework to be the 

increase in the share of the national income (quantified by GDP4 ) accruing to natives that can be attributed to the 

economic activity of immigrants. Initially, this model of immigration surplus shall assume that there is an 

aggregate production function with only two inputs, capital (K) and labor (L), resulting in the output, such that Q = 

ƒ(K,L). Furthermore, all capital will be assigned to natives and all workers will be assumed to be  homogenous -- 

that is, necessarily, they will be equally skilled and perfect substitutes. It will also be assumed that the supply of 

capital and labor (native and foreign) are perfectly inelastic.5 Labor is comprised of native (N) and immigrant (M) 

workers, so that L = N+M. 

In the absence of externalities,6 the model will assume the aggregate production function has constant 

returns to scale. This implies that the economy is perfectly competitive, and therefore there are zero economic 

profits,7 perfect information, no barriers to firms entering the market, and no fixed costs of production. If the 

economy is in a competitive equilibrium prior to immigration, the marginal cost, the factor prices of capital and the 

labor, interest (r) and wages (w) respectively, must be respectively equal the marginal product. Thus, in the condition 

of constant returns to scale, the initial (indicated by “0” subscript) share of national income accruing to natives prior 

to immigration, where labor consists only of natives, is given by ∆QN = r0K + w0L.

Figure 2-1, below, is a graphical representation of the result of immigration in this economy given the 

assumptions of this model.8 Prior to immigration, national income9 (ABN0) is split between the capital surplus 
2 See the appendix for a formal mathematical derivation of theoretical models presented here.
3 The theoretical section of this paper is in great part derived and expanded upon from the work of Borjas, a preeminent 
immigration economist, in his paper “The Economic Benefits from Immigration,” 1995. This Neoclassical Model is based 
upon pages 5-9 of Borjas’s paper.
4 Gross domestic product, abbreviated GDP, is a measure of traded goods and services within an economy, and is the 
aggregate level of output and income.
5 Perfectly inelastic supply denotes the condition where the quantity supplied is independent of the price of good or service; 
that is to say, in the models considered here, that the same amount of labor is supplied regardless of the wages offered. 
(Graphically, perfectly inelastic supply is represented by a vertical supply curve). Although not necessarily true, this 
assumption greatly simplifies the model and does not alter the results or conclusions thereof.
6 Externalities, which can be beneficial or punitive, are effects of market activity not accounted for by the market.
7 Zero profit in this model refer to economic profit, where profit is given by revenue minus cost, including opportunity 
cost, which is the cost of the next best alternative to a decision. This does not imply that no profit is earned in the 
accounting sense, but rather that no firm earns more profit than other.
8 To attribute the area under the curves to their respective surpluses, the assumptions in this model hold such that

Q = 

† 

¶ K ,L( )  = 

† 

∂¶
∂L K,L( )dL0

0NÚ .
9 Given the assumptions in this macroeconomic model, income, production, and surplus are interchangeable terms.
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(ABw0) and native labor surplus (NBw00), both of which accrue to natives. When immigrants enter the economy 

where labor supply is inelastic, they increase the supply of labor, causing it to shift right from S0 to S1. As a result, 

the competitive pressures result in a decline of the wage (price of labor) from w0 to w, and the quantity of labor 

increases from N to L = N+M. The resulting increase in production (CBNL) includes the increase in national income 

accruing to immigrants, or the immigrant labor surplus (CENL), and the immigration surplus (BEC), which, as the 

reader will note, is part of the gains to capitalists, accrued through interest. Also of note is the substantial increase 

(EBw0w1) in capital surplus at the expense of the native labor surplus.

Capital Surplus 

Native Labor Surplus 

Immigrant Labor Surplus

Immigration Surplus 

Figure 2-1
Neoclassical Model
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In this model, if labor demand were perfectly elastic, there would be no immigration surplus, because 

immigrants would not effect the wage rate, and the increase in national income would accrue to only to them. 

Graphically, the demand curve would be horizontal, so that the wage rate and demand curve would be equivalent -- 

only a difference between the two would produce an immigration surplus. Thus, for there to be any surplus from 

immigration accruing to natives, wages must fall so that gains can accrue to capital (by means of lower wages for 

labor used in production). This is suggestive of the important notion that, when labor is homogenous, the 

immigration surplus exists exclusively due to the complimentary nature of capital and immigrant labor.1 0

10 Compliments are goods or services which are used or consumed in tandem; for instance, left and right shoes are a good 
example of perfect compliments, in that they are not often used alone. Different levels of imperfect complimentarity exist 
between different goods and services, such as the complimentarity between labor and capital.
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B. Skill Differentiation1 1

While the neoclassical model suggests an immigration surplus derived only from capital, the actual size of 

the surplus can be made more accurate dropping the unrealistic assumption of a homogenous workforce. Instead, it 

may be initially assumed that there are two sectors of the workforce, unskilled labor (LU) and skilled labor (LS), 

which sum to the total available quantity of labor, so that Q = ƒ(LU,LS). For simplicity, the model will at first 

ignore the role of capital. The other assumptions of the neoclassical model, including perfectly inelastic labor supply 

and constant aggregate returns to scale, will remain unaltered.

Mathematically, due to constant returns to scale, the initial total production of the market may be expressed 

as Q = wU 0LU + wS 0LS, where wU 0 and wS 0 are the wages of unskilled and skilled labor respectively, and LU and LS are 

the quantities thereof. To better understand the effects of skill differentiated immigration, this equation may be used 

to examine two cases. In the first case, if some number of immigrants (M) enter the an economy where they share 

the same skill ratio as native workers, then there is some scalar 

† 

s  = 1+M/(LU+LS) applied to production that denotes 

the additional proportion of migrants in an economy. Due to constant returns to scale, the total production must be 

equally scaled. An equation may then be constructed where 

† 

s Q = ƒ(

† 

s LU,

† 

s LS), yielding the distribution function 

† 

s

Q = 

† 

s wU 0LU +

† 

s wS 0L. Clearly, the scalar 

† 

s  cancels on both sides, resulting in the original distribution equation. 

Note that native wages and employment remained unchanged. This implies that all gains from immigration in the 

absence of capital, when immigrants are skilled in the same proportions as natives, are accrued by the immigrants, 

so that the immigration surplus is zero.

Consider the top set of graphs in the Figure 2-2, below, where 50% of the native workforce is skilled and 

50% is unskilled. When a number of equally skilled immigrants enter the economy, the supply shifts right from SU0 

to SU 1 and SS 0 to SS 1 in equal proportions for both skilled and unskilled labor. As a result of the increase in the 

supply of unskilled labor, the demand for skilled labor increases from wU 0 to wU 1 and wS 0 to wSI in proportion to the 

increase in the supply of unskilled labor and vice versa. The areas of the surplus for unskilled labor (BNU0wU and 

ABWU) and skilled labor (ABwS and BNS0wS) are the same before and after immigration, while the surplus accruing 

to immigrant labor (ABNULUGE and ABNSLSGE) encompasses all changes. In summary, the wages and employment 

of native labor remain unchanged, while immigrants recoup all of their added productivity.

In the second illustration, assume only unskilled immigrants (M) enter the economy. In this instance, there 

will be a scalar 

† 

s  = 1+M/LU applied to production. As a result, 

† 

gs Q = ƒ(

† 

s LU,LS), and therefore 

11 Borjas, 1995 (13-14). Expositions concerning the scalar, supply and demand graphs, and immigration skill differential, 
are original to this paper.
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Figure 2-2
Skill Differentiation
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† 

gs Q = 

† 

s wU 1LU + wS 1LS, where the exponent 

† 

g  is the proportion of production attributable to unskilled labor.1 2 Due 

to the laws of supply and demand, native unskilled employment (

† 

↑LU) must rise and subsequently native unskilled 

wages (

† 

ØwU) must fall; moreover, if demand for unskilled labor is elastic,1 3 the demand for skilled labor will rise, so 

that native skilled wages (

† 

↑wS) will increase, while native skilled employment (

† 

˜ L S ) remains unchanged. Note, 

however, that the exact increase to native skilled wages is dependent upon the elasticity of unskilled labor demand; 

without knowing this variable, the amount of the increase is ambiguous. Nevertheless, this example produces an 

immigration surplus that accrues to skilled natives through higher wages; moreover, the higher the elasticity of 

unskilled labor demand, the greater the wage increase (and the immigration surplus).

Graphically, this second example is illustrated by the bottom pair of graphs in Figure 2-2, above. In this 

case, there is a 50% unskilled and 50% skilled native population with the addition of only unskilled immigrants.  

Firstly, note the graph on unskilled labor on the left. As a result of immigration, the unskilled labor supply 

increases, or shifts right from SU 0 to SU 1, causing unskilled wages to fall from wU 0 to wU 1. Subsequently the 

unskilled labor surplus (ENU0wU 1) decreases from its initial size, while the skilled labor surplus (ACwU 1) increases. 

Part of the new area created is the immigrant surplus (BEC), accruing to skilled natives, while the other is the 

surplus accruing to unskilled immigrants (ECLUNU). The reader will note that there is also a substantial shift in 

income (EBwU 0wU 1) from unskilled natives to skilled natives as a result of immigration.

Graphically, Figure 2-3, below, shows the Immigration surplus relative to the percent of skilled 

immigrants in two specific cases of native skills. The reader will note that in both cases the immigration surplus is 

minimized at zero where immigrant skills are the same as native skills, and that there is an exponential increase in 

the immigration surplus as it the percent of skilled immigrants (MS/M) diverges from the percent of skilled natives, 

such that it is maximized where immigrant skills are most different from native skills.

Because of constant aggregate returns to scale, it follows intuitively that the immigrants with skills most 

closely related to the native population would be least likely to produce a surplus from the complimentary nature of 

unskilled labor and skilled labor. This notion is confirmed in theory by the mathematical and graphical evidence of 

our model. Thus, the immigration surplus is maximized when the skills of immigrants differ most profoundly from 

those of the native population. More specifically, in the absence of capital, the immigration skill differential, 

12 The Cobb-Douglas production function with constant returns to scale implies that where Q = ƒ(LU,LS),it is subsequently 
true that Q = 

† 

U
gL S

1- gL , where 

† 

g  is the proportion of production attributable to unskilled labor. Thus, the sum of the 
exponents is 

† 

g +(1-

† 

g )=1, so that the product of both factors of production explain the whole of total production.  
13 Elasticity is a measure of the change in the price of a good relative to the change in the quantity demanded or supplied. 
Graphically, demand elasticity is the slope of the demand curve.
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Figure 2-3
Skill Differentiation
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mathematically 

† 

d  = (MS/M)/(NS/N),1 4 or the difference between the percentage of skilled immigrants and natives, 

will determine the size of the immigration surplus. Note that the immigrant skill differential will range from zero to 

infinite, where a value of one represents an economy in which immigrants have the same skill ratio as natives, as 

exhibited in Figure 2-4, below. 

Figure 2-4
Skill Differentiation

  Immigration Skill Differential (

† 

d )

Immigrants are less
skilled than natives.

Immigrants are as
skilled as natives.

Immigrants are more
skilled than natives.

 0 ∞1

An alternate representation of the graphical relationship between the immigration surplus and the 

immigration skill differential is exhibited in Figure 2-5, below. In this model, the immigration surplus is a 

symmetric parabola,1 5 s(

† 

d ), minimized where the immigration skill differential is one, where it has already been 

established that immigrants of the same skill ratio as natives will produce zero immigration surplus. To both sides 
14 Alternately, the immigration skill differential might also be defined as 

† 

ad  = (MU/M)/(NU/N); although the differential 
would be 

† 

ad = -1d , the resulting immigration surplus would be the same. Graphically, using either definition will produce 
results exactly on the opposite side of 

† 

d  = 1 that the other would. Therefore, the graph must be symmetric.
15 The parabola is becomes symmetric when scaling the x-axis between 0 and ∞ with 1 as the center. 
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of one, the immigration surplus grows exponentially (as can be seen by shifting curves in Figure 2-2), so that at 

zero and infinite, it is maximized. The differential of zero represents entirely unskilled immigrants entering an 

economy with entirely skilled natives, while infinite is indicative of entirely skilled immigrants entering an 

economy with entirely unskilled natives.

Figure 2-5
Skill Differentiation
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Maximizing the immigration surplus in this model is dependent on the percentage of unskilled native 

workers, which is the denominator of the immigration skill differential, NU/N ranging between zero and one. If the 

denominator is below 0.5, this suggests that there is a greater proportion of skilled labor in the pre-immigration 

economy, so that the immigrant surplus would be maximized by admitting only unskilled immigrants. Conversely, 

if the denominator is above 0.5, there is a greater percentage of unskilled labor in the native economy, so admitting 

entirely skilled immigrants would maximize the immigration surplus. If the denominator is exactly 0.5, admitting 

either entirely skilled or unskilled immigrants will maximize the immigration surplus. Therefore, in summary, to 

maximize the immigration surplus in a model without capital, only immigrants with skills opposite to those of the 

majority of the native population should be admitted.

C. Capital Extension1 6 

As the interaction of capital and a labor are of prime importance to the size of the immigration surplus, a 

16 Borjas, 1995 (14-18). The supply and demand and capital two-curve derivation graphs, as well as subsequent explanation, 
are unique to this paper.
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new model might be considered that assumes both the existence of capital and skill differentiated workers. In such a 

case, it may be said that the national production, in conditions of constant returns to scale, is given as the function 

Q = ƒ(K, LU, LS). It will still be assumed that there are two skill groups, unskilled and skilled, and that supply for 

labor and capital are inelastic. In this case, Q = r0K + wU 0LU + wS 0LS. Further, for simplification, it will be assumed 

that immigrants do not bring any capital into the economy they enter, but rather that they supply only their labor. 

As noted in the simple neoclassical model, when labor is homogenous, the immigrant surplus is a result of 

the complimentary nature of capital and labor. When labor is heterogeneous, as in the skill differentiated model, part 

of the immigration surplus accrues to unskilled or skilled workers. However, in such an instance, the remainder of 

the surplus, due to the complimentary nature of capital, must be considered independently for both unskilled and 

skilled labor. In order to measure these compliments, one may consider the factor price elasticity of unskilled (

† 

ULe ) 

and skilled (

† 

SLe ) labor; that is, the elasticity of wages to the respective categories of labor when exchanged through 

the factor market for capital. The greater the factor price elasticity, the greater the extent to which capital and a given 

category of labor are complimentary. Thus, if the factor price elasticity of unskilled labor is greater than that of 

skilled labor, or 

† 

ULe >

† 

SLe , then the immigration surplus, ignoring the immigration skill differential, will be greater 

for unskilled labor and vice versa.

Figure 2-6, below, exemplifies the effect of the factor price elasticity of skilled and unskilled labor on the 

immigration surplus. In this diagram, half of natives are skilled and half unskilled, while the same skill ratio holds 

for immigrants. As a result, the immigration surplus attributable to skill differentiation, as outlined above, is 

minimized at zero, so the entirety of the immigration surplus in the graph results from the complimentary 

relationship between capital and labor. This is a convenient condition in that it reveals the effect of varying the factor 

price elasticity for unskilled and skilled labor, as reflected in demand elasticity, given graphically by the “flatness” of 

the demand curve for unskilled and labor.1 7

In all cases depicted, the increased demand for unskilled and skilled labor resulting from the increased supply    

of the other type, and their complimentary relationship, results in the formation of an immigrant surplus (BEC) 

accruing to capital. However, when unskilled or skilled demand, DU or DS respectively, are relatively more elastic, or 

flatter, the immigration surplus is greater; note that the area of the triangle in these instances is larger. Conversely, 

17 The demand elasticity of labor is directly reflective of the factor price, or wage, elasticity of labor due to the assumption of 
this model that labor supply is inelastic, and therefore only demand will affect the wage rate. Moreover,the assumption of 
three inputs: capital, unskilled, and skilled labor, are necessary to make this assertion. Intuitively, it might be said that the 
productivity of labor determines the prices employers are willing to pay, or demand, for each additional laborer, so that if a 
given skill group is more or less complimentary to capital, it will be shown in the willingness to pay of the firm, or 
demand, in the labor market for the respective skill level.
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Figure 2-6
Capital Extension
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if the demand is relatively less elastic, or more vertical, the immigration surplus is smaller. In the first case, at top, 

when the factor price elasticity of unskilled labor is greater than skilled labor (

† 

ULe >

† 

SLe ), the immigration surplus is 

larger for unskilled immigrants than skilled ones. When the factor price elasticity of unskilled  labor is less than that 

of skilled labor (

† 

ULe <

† 

SLe ), as on the bottom, the immigration surplus is smaller for unskilled immigrants than 

skilled ones. This result is consistent with the intuitive inference made earlier.

 Figure 2-7
 Capital Surplus per Factor Price Elasticities
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The effect of differing factor price elasticities upon the immigration surplus is more explicitly revealed in 

Figure 2-7, above. Where the factor price elasticity of unskilled labor is greater than that of skilled labor (

† 

ULe >

† 

SLe ), 

the linear function1 8  on the left, k(

† 

d ), has a negative slope because gains from factor price elasticity are greatest 

when the admission of unskilled immigrants as a proportion of the whole is greater (so that the immigration skill 

differential is closer to zero). However, when the factor price elasticity of unskilled labor is less than that of skilled 

labor (

† 

ULe <

† 

SLe ), the linear function on the right, k(

† 

d ), has a positive slope so that gains from factor price elasticity 

are higher when more skilled immigrants are admitted. The factor price elasticities of the respective labor skill 

categories are naturally the determinant of the slope of the linear function.

Figure 2-8, below, is a synthesis of differing factor price elasticities and immigrant skills upon the 
18 Later in the theoretical section and appendix it is shown that increasing the proportion of production attributable to 
capital, 

† 

l , will flatten the curve to a line as it nears 100%. It is also shown that increasing the proportion of production 
attributable to unskilled and skilled labor, which in part reflect the factor price elasticities of labor, will tilt the curve.
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immigration surplus with respect to the immigration skill differential. The parabolic function of this graph, given 

by s(

† 

d ) + k(

† 

d ), is attained by the summation of the previous functions graphed for skill differentiation and the 

factor price elasticity of labor. The reader will note that in the circumstance where the factor price elasticity of 

unskilled labor is greater than that of skilled labor (

† 

ULe >

† 

SLe ), the parabola is minimized at some point greater than 

where the immigration skill differential is one, and skewed such that the gains from factor price elasticity are greatest 

when the admission of unskilled immigrants dominates (or when the immigration skill differential is closer to zero). 

Conversely, when the factor price elasticity of unskilled labor is less than that of skilled labor (

† 

ULe <

† 

SLe ), the 

parabola is minimized at some point less than where the immigration skill differential is less than one and skewed so 

that gains from factor price elasticity are higher when more skilled immigrants are admitted.

 Figure 2-8
 Capital with Skill Differentiation
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As such, in the theoretical framework of this model, the amount of the immigration surplus is dependent 

upon the number of unskilled and skilled natives and immigrants (as defined by the immigration skill differential), as 

well as the factor price elasticity of unskilled and skilled labor. In either case, the immigration surplus will be 

maximized by admitting exclusively skilled or unskilled immigrants, with the distinction depending upon the 

interaction of the variables identified above.
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D. Multi-Period Model1 9

The model as developed previously, building on the work by Borjas, makes the assumption of a single 

period of immigration. However, in practice immigration takes place in different quantities over multiple periods. 

For increased accuracy, the assertion of a single period is dropped in the long-term (multi-period model) such that it 

is possible for the skills of already admitted immigrants to influence the immigration surplus. Intuitively, 

immigrants admitted in prior periods, or their descendants, might be considered as assimilated into or “part of” the 

native population for the purpose of determining the skill compliments that define the immigration surplus in 

subsequent periods. That is, over time immigrants effectively become natives.2 0  Thus, the immigration skill 

differential may be redefined as the percentage of skilled immigrants entering an economy, divided by the percentage 

of skilled natives and prior immigrants. Mathematically, the immigration skill differential is given by the equation 

† 

d  = (MS 1/M1)/[(NS +MS 0)/(N+M0)], where the subscript “1” and “0” stand for time periods t = 1 and t = 0 

respectively, period t = 0 being a period in which immigration has already occurred and t = 1 being the present 

Figure 2-9
Multi-Period Skills
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19 Borjas assumes in “The Economic Benefits of Immigration,” 1995, “that immigration is ‘small’ so that the fraction of the 
workforce that is skilled is not affected by immigration” (13). Although the development of theoretical models in this 
paper has thus far has traced and expanded upon Borjas’s work, the multi-period model discussed here diverges from Borjas 
in that it relaxes this assumption.
20 The length of the period of which immigrants are said to have assimilated into the native workforce may vary. A pertinent 
paper by Jean Grossman, entitled “The Substitutability of Natives and Immigrants in Production,” 1982, has found that 
“second generation natives and established natives are much closer substitutes” (602). Borjas himself has examined the 
“Long-run Convergence of Ethnic Skill Differentials” in a working paper, which supports the existence of the type of 
assimilation discussed here.
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period. It is assumed, for now, that the skills of immigrants (or natives) do not change over time.

Graphically, Figure 2-9, above, demonstrates the change in the immigration surplus for subsequent periods 

of immigration (t = 1) after an arbitrary number of mostly skilled immigrants enter an economy (when t = 0) in a 

model without capital. In this circumstance, the additional immigrant labor causes the immigration skill differential 

to decrease as the denominator, the percentage of native and prior skilled immigrant laborers (N S+MS 0)/(N+M0), 

increases, and as a result it moves towards the value at which the immigration surplus is minimized. Therefore, 

predominately skilled immigration in prior periods results in an increased surplus from unskilled immigration and a 

decreased surplus from skilled immigration in subsequent periods. Conversely, mostly unskilled immigration in 

prior periods would result in an decreased surplus from unskilled immigration and a increased surplus from skilled 

immigration in following periods.

Figure 2-10
Multi-Period Skills
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Another way to graphically represent this phenomena is to hold the percentage of skilled natives constant 

and vary the percentage of skilled immigrants, as in Figure 2-10, above. In this case, natives remain 50% skilled, 

while during the initial period (t = 0) some arbitrary number of immigrants were mostly skilled. As a result, during 

the next period (t = 1), the parabola representing the immigration surplus shifts to the left to account for the skill 

change caused by the prior immigrants, just as if the native population had become more skilled. Subsequently, 

further immigration of skilled immigrants will produce a smaller surplus, as exhibited by the graph.
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Intuitively, it holds that as more immigrants enter an economy, the percentage of skilled labor in total 

becomes closer to that of the immigrants, such that if immigrants of the same skill distribution continue to enter a 

country, the differences between the native and immigrant population from which the immigration surplus is derived 

will be diminished, so that the surplus itself is smaller. Thus, there are diminishing returns, in the form of a 

declining immigration surplus, to any sustained immigration policy resulting in the same distribution of skills 

among immigrants for multiple time periods. That is, graphically, the immigration skill differential would continue 

to shift in the direction of the immigrant skill distribution, until it reaches the point where the immigrant skills are 

equivalent to native skills (

† 

d = 1).

Figure 2-11
Multi-Period Capital
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Dropping the unrealistic assumption of an economy without capital provides for a more realistic model. 

Graphically, Figure 2-11, above, exhibits a multi-period model with capital where the factor price elasticities

unskilled and skilled labor are equivalent (

† 

ULe = 

† 

SLe ).2 1 In both examples, an arbitrary number of mostly skilled 

immigrants has entered during the initial period (t = 0) and a similarly skilled group of immigrants will enter in 

subsequent periods (t = 1). In the case on the left, immigrants do not effect the production attributable to capital (

† 

l )

or labor, and so the gains from future immigration are smaller (t=1) due to the complimentary nature of immigrant 

21 If the factor price elasticities of unskilled and skilled labor were different, it would serve only to skew the parabola, as 
noted previously, which would not alter the results of the graph.
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labor and capital, when adding increased labor to a fixed capital stock, and thus the parabola representing the 

immigration surplus shifts downward. However, in the graph on the right, immigration has caused the amount of 

production attributable to capital to increase (

† 

0l <

† 

1l ), and conversely, the amount of production attributable to labor 

to decrease. As a result, the parabola contracts vertically because the immigration surplus as a result of capital 

complimentarity rises (and increases the surplus when the skill surplus parabola is minimized), but as the proportion 

of production arising from labor is lower, so two are the gains from skill differentiation on the extremes. In the 

graph to the right, while the parabola in the second period has fallen as before, it has also contracted vertically so 

that, in this particular example, it is minimized above the previous minimum, at the expense of gains to skill 

differentiation at the extremes.

If immigrants bring their own capital to the country to which they migrate, intuitively it would follow that 

as the difference between natives and immigrants by which the complimentary nature of capital and labor is drawn 

diminishes (and the capital stock of both coincides), the immigration surplus accruing to native capital would be 

reduced. While a thorough examination capital is not limited in this model,2 2 the prior example provides some 

insight in the effects of immigrant capital. Nevertheless, it is clear that, in theory, any immigration of workers with 

the same or similar skill distributions in the long-run, according to this model, will be subject to a decreasing 

immigration surplus. 

22 Because of the particular nature of the Cobb-Douglas production function, changes in the capital stock do not influence 
the immigration  surplus (K cancels in ∂r/∂M, so that the surplus accruing from interest is not dependent upon the amount of 
capital).  This is not necessarily true of other production functions or reality, but it is a permissible limitation for the 
purposes of examining immigrant skills.
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III. Empirical Survey

Immigration is difficult to study empirically, among other reasons, due to a of lack of available data on the 

economic returns to immigration (such as returns to capital and labor to natives), as well as the problem of 

immigrant and native mobility within the country. The empirical findings of studies on immigration are varied and 

sometimes contradictory. There is a tendency, however, for the impact of immigration on native wages and 

employment to be negligible. On this, “economic theory is equivocal, and the empirical estimates in a variety of 

settings and using a variety of approaches have shown that the effect of immigration on the labor market outcomes 

of natives is small.”2 3

For example, in his famous examination of the Miami labor market following 1980 Mariel Boatlift, during 

which around 125,000 immigrants entered the local economy (a 7% increase in the population), David Card found 

that there was no change in the wages and employment of less skilled non-Cuban workers, nor a substantial change 

Figure 3-1
Per Capita Income by State

23 Friedberg & Hunt, 1995 (42); also see this reference for a more extensive review of empirical work in the field.
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in wages and employment of Cuban workers. He did however provide two explanations: the Miami labor market has 

become well-suited to absorbing low-skill immigrants due to previous waves of similar immigration, and that 

domestic migration was slowed by the influx of immigrations after the Mariel Boatlift.2 4

Using Decennial U.S. Census data for the year 2000 and state estimates of CPI, a simple logarithmic 

regression was performed to determine the change in per capita income with respect to the number of foreign-born 

persons in a given state (of the continental 48 states). The per capita income was used as the dependent variable, 

which is advantageous in that it reflects the gains to labor and capital, but disadvantageous in that it is an average of 

immigrant and native surplus. This is a lower-bound, or conservative, estimate of the impact of immigration because 

immigrants are on average relatively less skilled than natives, so it would be expected that the gains to the natives 

via the immigration surplus would be greater than the gains on whole to income.  Given in 1999 dollars, the per 

capita income was inflated back to year 2000 dollars using the national inflation rate (with which it was deflated), 

Figure 3-2
State-Level Regression

24 Card, 1990 (245, 257).
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and then deflated by the state-level CPI2 5  to compensate for cost of living differences between states.

Figure 3-1, above, shows the adjusted per capita income by state, in order from largest to smallest in 

number of immigrants -- note the trend towards lower incomes in states with fewer foreign-born persons is 

somewhat hidden because the magnitude of the foreign born population is not shown. One might expect more 

European immigration to attract skilled immigrants in the Northeast, such as Rhode Island or Connecticut, which  

have higher per capita incomes than regions experiencing lower skilled immigration, such as California or Texas.

Figure 3-2, above, exhibits the same data on a scatter plot with the regression trend line (or the “line of best 

fit” to the given data), and gives a better indication of the trend in the data. The regression performed was of the form 

y = 

† 

a  +

† 

b x, where y is per capita earnings (ln),

† 

a  is it’s x-intercept, x is the percentage of population that is foreign 

born, and 

† 

b  is the slope of the line. In this circumstance, the equation takes the form:

† 

2r  = 0.5178ln(y)   =   10.2131   +   0.0805 ln(x)
           (0.0344)          (0.0112)

(3-1)

 
Figure 3-3
County-Level Regression

25 CPI stands for the consumer price index, and is a measure of cost of living and inflation. The particular index uses data 
estimated by Berry, Fording, & Hanson, 2003 (2-49).
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Both the intercept and slope are statistically significant over the 99% confidence interval. The adjusted squared 

residual, 

† 

2r , result implies that roughly 51.78% or about half of the variation in the per capita income in this 

regression was explained by the percentage of foreign-born population. The estimate suggests that as there is a 1% 

increase in the present percentage of foreign born persons, there is a .0805% increase in per capita income. Note that 

as the foreign born population increases, the increase in the immigration surplus diminishes.

A second regression, as shown in Figure 3-3, above, was performed in the same manner as the first using 

county data for the continental 48 states deflated at the respective state-level CPI.2 6  The results of this regression 

were similar to the previous one:

† 

2r  = 0.1605ln(y)   =   10.0958   +   0.0726 ln(x)
           (0.0122)          (0.0030)

(3-2)

The intercept and slope are statistically significant at well above the 99% confidence interval. The adjusted squared 

residual suggests that about 16.05% or around a sixth of the variation in the per capita income in the data set was 

explained by the percentage of foreign born population; The 

† 

2r  is lower than in the previous regression, at least in 

part, due to the fact these data are deflated only 

for cost of living at state and not county level 

and that capital and labor are more mobile 

between counties than states, allowing for 

benefits to be misattributed to the wrong 

counties. The regression estimates that a 1% 

increase in the foreign born population will 

correspond to a 0.0726% increase in per capita 

income. As in the state regression, as the 

foreign born population increases the per 

capita income should increase at a decreasing 

or diminishing rate. Table 3-1, to the right, 

exhibits some points estimated using the

regression trend line using county-level data.

(3-1)

--

0.37%
0.39%
0.42%
0.44%
0.47%
0.50%
0.54%
0.58%
0.63%
0.69%
0.77%
0.86%
0.97%
1.13%
1.33%
1.63%
2.11%
2.99%
5.16%

$ 21 569
$ 21 489
$ 21 405
$ 21 316
$ 21 223
$ 21 123
$ 21 018
$ 20 905
$ 20 784
$ 20 653
$ 20 511
$ 20 354
$ 20 181
$ 19 986
$ 19 764
$ 19 504
$ 19 190
$ 18 794
$ 18 248
$ 17 353

20%
19%
18%
17%
16%
15%
14%
13%
12%
11%
10%
9%
8%
7%
6%
5%
4%
3%
2%
1%

% Foreign Born 
Popu la t ion

Predicted Per 
Capita Income

% Increase in Per 
Capita Income

26 There were 3108 counties in the data, but 6 were discarded from the regression because they had no foreign born 
population, and ln(0) is undefined. Thus, the sample population may be more accurately described as  counties in the 
continental 48 states for which there is a foreign born population of any size greater than zero.
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The positive correlation between foreign born individuals and per capita income is consistent with all of the 

models of the immigration surplus discussed earlier. A diminishing per capita income and immigration surplus from 

adding more immigrants are also predicted by the Multi-Period model discussed in the theory session, although the 

change could also be due to the trend of decreasing education rates among immigrants. That is to suggest that if the 

losses to the immigration surplus derived from the complimentary relationship of unskilled labor with capital 

surpass gains to higher skilled natives as immigrants have become less skilled, then the immigration surplus should 

decline over time as less skilled immigrants have been admitted.2 7

It should be noted again that this regression does not attempt to measure the immigration surplus, only the 

per capita income. In addition, it is possible that an omitted variable, positively correlated with both income and 

foreign birth status, may be the cause of the correlation found in this regression.2 8 Furthermore, the correlation 

exhibited in the data does not necessarily imply causation. Although the theoretical work in this paper predicts and 

increase in income resulting from immigration, it is entirely possible that some or all of these results may be 

explained by the asserting that immigrants, being by definition more mobile than natives, choose to move to 

regions with higher per capita incomes (or perhaps regions with other immigrants of the same type which have 

higher incomes). While a more complex regression that accounts for additional determinants of the income effect 

would be useful in examining this phenomena, this simple regression has established initial evidence for the 

possibility of the immigration surplus.

In the literature of the field, one work of particular note to this paper is by Grossman, who used empirical 

results from 1970 cross-section data to estimate production functions which allowed him to examine the 

substitutability of natives and immigrants as factors of production. He concludes, “all the labor groups are 

substitutes for one another; however, immigrant inflows affect established natives’ wages only slightly. Second 

generation natives are much closer substitutes.”2 9  Another working paper by Borjas examines the links between 

education, wages, and literacy between multiple generations of immigrants and their descendants. He asserts that, “in 

sum, ethnicity matters for a very long time. In fact, the results indicate that it may take four generations ... for the 

ethnic differentials introduced by the Great Migration to work themselves through the American economy.”3 0

27 Changes in capital complimentarity, inflows, or outflows, or a disequilibrium approach might also explain part of this 
diminishing immigration surplus, but are outside of the realm of this paper.
28 For example, there may be productivity, demographic, or endowment differences between regions that lead to selection 
among immigrants.
29 Grossman, 1982 (602).
30 Borjas,1994 (25).

22Honors Thesis



IV. Conclusion

As a question of policy, the theoretical model may be applied to examine question of immigration in the 

United States. Assuming the goal of immigration policy is to capture the largest possible immigration surplus, the 

mostly skilled native population of the United States would benefit heavily from the complimentary relationship 

between skilled natives and unskilled immigrants. However, empirical evidence shows that the factor price elasticity 

of unskilled labor is presently lower than the factor price of unskilled labor -- that is, capital in the U.S. is presently 

more complimentary with skilled workers.3 1 Borjas suggests that by using reasonable estimates for the U.S. in his 

framework, the gains to capital trump those from skill, and the immigration surplus would be maximized by 

admitting the largest possible proportion of skilled immigrants. (He also asserts that skilled immigrants are less 

reliant on public assistance, and therefore the costs of their immigration are lower.) The theory also suggests that 

immigration causes substantial shifts in society’s income (traditionally from labor to capital), which may be 

undesirable.  This paper, however, implies that any admission policy that results in a consistent influx of 

immigrants of similar skill will result in a decreasing immigration surplus in subsequent periods as they assimilate 

into the native population. As such, the long-term effectiveness of such a policy will be to some extent curtailed.

An economically oriented immigration policy may however be somewhat fanciful. At present immigration 

policy is more heavily influenced by other concerns, including political expediency, family unification, and diversity 

initiatives. In fact, in 2002, employer preferences, the only major economic category, made up only about 17% of 

current admissions, placing it second behind family preferences, comprising the bulk with 63% of admissions. 

Refugees and asylees accounted for 12% of admissions, while diversity and other claims to admission made up 4% 

each.3 2  Moreover, the policy suggestion of admitting skilled immigrants has assumed that the U.S. can draw from 

an unlimited supply of immigrants of any skill; in fact, immigrants must be motivated to come, which may be 

difficult when bidding to enter the most highly skilled immigrants. Additionally, controlling national borders and 

preventing illegal immigration has been a consistent problem for the United States. For all of these reasons, it may 

be more fruitful to use the theories presented here and elsewhere for impact analysis rather than an attempt to sway 

policy.

In the case of the multi-period model original to this paper, the theoretical implication is that the more 

31 Hamermesh, 1993 (Ch. 3), among others, estimates that the absolute value of the elasticity of the factor price is greater 
for skilled than unskilled workers. Nevertheless, calculation of factor price elasticities of labor are a nontrivial matter, and 
estimates are prone to variation. Note that throughout U.S. history this has not always been the case -- at the end 19th 
century, for instance, James & Skinner have suggested using empirical data that skilled labor and capital were better 
substitutes than unskilled labor and capital. 
32 Office of Immigration Statistics, 2003 (30).
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static immigration is with respect to the distribution immigrant skills from period to period, the fewer are benefits 

that will be derived in subsequent periods due the gradual assimilation of immigrants into the “native population.” 

As such, no matter what policy immigration policy is undertaken, the more consistent the skill ratio of immigrants, 

the smaller the immigration surplus will become over time.
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V. Appendix

A. Mathematic Derivations3 3 

Neoclassical Model

To calculate the immigration surplus, a model utilizing only labor may be initially considered, and later compounded 

upon. Firstly, it is assumed that Q = ƒ(K, L), where Q is total output, K is capital, and L is labor, so that the 

production accruing to natives is given by QN = r0K + w0N, where N is the number of natives; further, r is interest 

and w is the wage, which are the factor prices of capital and labor respectively. Thus, it may be stated that the change 

in production attributed to immigration accruing to natives is the area of the shaded triangle in Figure 2-1, given 

geometrically by the equation ∆Q
N 
≈ 

† 

1
2 (w

0
 - w

1
)M, where M is the number of immigrants. More formally, it may be 

stated that the percentage change in production attributable to immigration where labor and capital are inelastic is 

given by the equation:

† 

D NQ
N

=
∂r
∂L

K +
∂w
∂L

N
Ê 

Ë 
Á 

ˆ 

¯ 
˜ 

M
Q

(A-1)

To obtain a finite sum, note the average of the marginal products, ∂r/∂L and ∂w/∂L given as MP, both where L = N 

and L = N+M, where L=N it is derived that ∆QN = 0. This produces an equation, that when evaluated for both 

marginal products, implies that the immigration surplus is half that when evaluated for L = M+N, as demonstrated:%

† 

1
2 L =NMP + L =N+MMP( ) =

1
2 L=N+MMP( )(A-2)

The Cobb-Douglas production function implies that where Q = ƒ(K, L), then Q = 

† 

1-aK aL . Due to the assumption of 

constant returns to scale, the exponents of all factors of production must sum to one, so that 

† 

1- a is the percentage 

of total production attributable to capital and 

† 

a  is the total percentage of production attributable to labor. Thus, the 

marginal product of capital is ∂r/∂L = 

† 

a 1- a( ) a-1L - aK ; the marginal product of labor is ∂w/∂L = 

† 

a a -1( ) a-2L 1-aK . 

Substituting these values results in the average form equation A-2 into the equation A-1 yields the derived equation:

† 

D NQ
Q

=
1
2

a 1- a( ) a-1L -a+1K + a a -1( ) a -2L 1-aK N( ) M
Q

(A-3)

33 Borjas, 1995 (19-22). The Cobb-Douglas derivations, skill-only equation, and simulations are unique to this paper.
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Skill Differentiation

Using techniques that parallel the simple neoclassical model, it is possible to construct a model given by the 

function Q = ƒ(LU, LS), where LU is unskilled labor, LS is skilled labor, and L = LU+LS. The Cobb-Douglas 

production function  in such an economy would be Q = 

† 

U
gL S

1-gL , where there are constant returns to scale and 

† 

g  is the 

percentage of production attributable to unskilled labor. Further, it may be extrapolated that LU = NU+MU and LS = 

NS+MS, where NU and  MU are unskilled natives and immigrants and NS and MS are skilled natives and immigrants 

respectively. In addition, it may be said that N
U
 =

† 

hN, M
U
 =

† 

mM , N
S
 =

† 

1- h( )N , and M
S
 =

† 

1- m( )M , where 

† 

h and 

† 

m  

are the percent of unskilled natives and immigrants respectively.3 4  Using techniques similar to those noted above, 

one can derive the equation:

† 

NDQ
Q

=
1
2

∂ Uw
∂M UN +

∂ Sw
∂M SN

Ê 

Ë 
Á 

ˆ 

¯ 
˜ 

M
Q

(A-4)

By differentiating the unskilled and skilled wage with respect to the number of immigrants, the equation can be 

completed:

† 

NDQ
Q

=
-g g - 1( ) h- m( ) UN + UM( )g N

UN + UM( )2
SN + SM( )y UN +

-g g - 1( ) m -1( )
SN + SM

-
g g - 1( )m

UN + UM

Ê 

Ë 
Á 

ˆ 

¯ 
˜ UN + UM( )g

SN + SM( )g SN

Ê 

Ë 

Á 
Á 
Á 
Á Á 

ˆ 

¯ 

˜ 
˜ 
˜ 
˜ ˜ 

M
Q

(A-5)

Capital Extension

Once again following the same pattern as previous models, consider now the production function Q = ƒ(K, LU, LS). 

The Cobb-Douglas production function would be Q = 

† 

lK U
gL S

1-l-gL , where 

† 

l  is the percentage of production 

attributable to capital, such that:

† 

NDQ
Q

=
∂r

∂M K +
∂ Uw
∂M UN +

∂ Sw
∂M SN

Ê 

Ë 
Á 

ˆ 

¯ 
˜ 

M
Q

(A-6)

By differentiating capital and the unskilled and skilled wages with respect to the number of immigrants, the equation 

can be completed:

34 Using these variables, the immigration surplus, defined as the percent of skilled immigrants divided by the percent of 
skilled natives, might alternately be written as

† 

d = 

† 

1-m( ) /

† 

1-h( ) .
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† 

NDQ
Q

=

2l m -1( ) - l m -1( )( ) l-1K -
lg h- m( ) lK N

UN + UM( )K
Ê 

Ë 
Á Á 

ˆ 

¯ 
˜ ˜ UN + UM( )

g

SN + SM( )g +l K

+
g lh m- 1( ) - g -1( ) h- m( )( )N + l m -1( ) UM( ) UN + UM( )g lK

UN + UM( )2
SN + SM( )g +l UN

+

- l + g( ) l + g - 1( ) m -1( ) lK
SN + SM

-
gm l + g -1( ) lK

UN + UM

Ê 
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Á 

ˆ 
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g
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(A-6)

B. Mathematical Simulations

Capital Simulation

Using the equations derived above, it is possible to generate a series of mathematical simulations by which the 

effects of specified conditions on the immigration surplus can be examined. Figure A-1, below, examines four cases 

Figure A-1
Capital Simulation
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of the Cobb-Douglas production function using the capital extension model. The first case, the simple capital 

simulation, exhibits a baseline parabola where  

† 

l = 30% is the share of production attributable to capital, 

† 

g= 35% is 

the share attributable to unskilled labor, and 1-

† 

l -

† 

g= 35% is the share attributable to skilled labor. In the second, the 

Capital Intensive Case, 

† 

l = 50%, 

† 

g= 25%, and 1-

† 

l -

† 

g= 25%, so that the parabola minimizes at a lower 

immigration surplus but maximizes at a higher one.  In the third case, where production is skilled labor intensive  

due to its relationship with capital, skilled labor contributes more to production than unskilled labor, such that 

† 

l = 

30%, 

† 

g= 10%, and 1-

† 

l -

† 

g= 60%; as the factor price elasticity of unskilled labor is less than that of skilled labor 

(

† 

ULe <

† 

SLe ). In the fourth case, where the factor price elasticity of unskilled labor is greater than that of skilled labor 

(

† 

ULe >

† 

SLe ), 

† 

l = 30%, 

† 

g= 40%, and 1-

† 

l -

† 

g= 10%.

Figure A-2
Multi-Period Simulation
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Multi-Period Simulations

In the second simulation, Figure A-2, above, immigrants of the same skill distribution are admitted in waves of 10% 

of the population over three time periods (t = 0, 1, and 2), using trendiness forecast by second order parabolic curves. 

In each case, the skill ratio of immigrants remained constant throughout all three periods, although the ratio of 

natives and prior immigrants changed, causing the immigration skill differential to decline, and subsequently, the 

immigration surplus to fall. The parabolas minimize at the same value of immigration surplus, as expected, because 

there are no gains from skill differentiation, and the gains from the complimentary relationship between capital and 

immigrant labor are reflective of the proportion of immigrants to natives (in this case, 10% in all periods).3 5 

Figure A-3
Multi-Period Simulation

In Figure A-3, above, an equal number of immigrants (equivalent to the size of the original native 

population) enter the economy in every period. Once again, trend lines using second order polynomials were 

35 Using a Cobb-Douglas production function, the capital surplus is based upon the number of immigrants relative to the 
native population, not the absolute number of immigrants. This is not necessarily true of other production functions.
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generated to forecast the latter two periods. The surplus is larger than the prior example because there are more 

immigrants. As expected, the minimum point of the curve declines in subsequent periods, because a smaller 

percentage of immigrants relative to natives and prior immigrants enter in those periods.
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