
Simulation Model with Immigration (Guest Workers) 
Andrew Mason
Department of Economics

University of Hawaii at Manoa, and 

Population and Health Studies
East-West Center

2424 Maile Way, Saunders 542

Honolulu, HI  96821

e-mail: amason@hawaii.edu
Ronald Lee
Demography and Economics
University of California
2232 Piedmont Ave
Berkeley, CA 94720

e-mail: rlee@demog.berkeley.edu
Based on:
Mason, A. and R. Lee (2007 forthcoming). Transfers, Capital, and Consumption over the Demographic Transition. Population Aging, Intergenerational Transfers and the Macroeconomy. R. Clark, A. Mason and N. Ogawa, eds. Elgar Press.
Acknowledgements: Research for this paper was funded by two grants from the National Institutes of Health, NIA R01-AG025488 and NIA R37-AG025247. Diana Wongkaren, Turro Wongkaren, Pablo Lattes, Timothy Miller, and Gretchen Donehower provided excellent assistance with the computations.

New Notation, Assumptions, and Modifications to the Model: Guest worker model only

The labor income of foreign workers is 
[image: image1.wmf]()()()

flf

YtytLt

=

 where 
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 is the effective number of foreign workers and 
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 is labor income per effective worker.  The number of effective workers is calculated in the same manner for foreign and domestic workers.  Labor income per effective worker is the same for both foreign and domestic workers.  

Foreign workers pay net taxes on their labor income.  Let the net tax rate on labor income be 
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 which we assume is independent of the age of the foreign worker.   Current transfers from foreign workers to the national population is given by 
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Receiving Country
The following identity must hold for consumption per effective consumer:    
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where C(t) and 
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 are total consumption and labor income respectively of the national or domestic population, and c(t) is the ratio of their consumption to their labor income.  N(t) and L(t) are the effective number of consumer and producers, respectively:   
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P(a,t) is the domestic population aged a at time t, [image: image9.wmf]()
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 are age-specific, time-invariant vectors of coefficients measuring age variation in consumption and productivity, respectively, and 
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 is the rate of exogenous productivity growth.  The aggregates are all national income values and apply to the national population, i.e., immigrants and their income and consumption are not included. 
Assets, Lifecycle Wealth and Child Costs
Aggregate lifecycle wealth is the wealth that adults must hold, as a group, in year t in order to achieve a given path of consumption and labor income over the remainder of their collective existence.  W(t), the lifecycle wealth of all adults in year t, is equal to the present value of the consumption less the present value of the labor income of those adults over the remainder of their lives.  Let PV[] be the present value operator.  Then, 
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where C(a,t) and 
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 are vectors of current and future consumption and current and future labor income, respectively, for the cohort of age a in year t.  Summing 
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 across all adult ages in year t yields aggregate lifecycle wealth, W(t).
Lifecycle wealth comes in four forms: assets (A), transfer wealth associated with childrearing ([image: image15.wmf]K

T

), pension transfer wealth ([image: image16.wmf]P
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) [perhaps this should be called old-age or adult transfer wealth] , and foreign transfer wealth (
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Transfer wealth associated with childrearing is the present value of the current and future costs of childrearing and, hence, is negative.  Pension transfer wealth is the present value of net transfers to year t adults from future generations of adults.  Foreign transfer wealth is the present value of net transfers received by year t adults from guest workers in current and future periods.  Pension wealth is defined as 
[image: image19.wmf]()()()()

P

f

P

WtAtTtTt

=++

, i.e., assets plus pension transfer wealth and foreign transfer wealth.  Assets by assumption can only be held by adults.  
Foreign transfer wealth depends on the immigration policy, the net rate at which immigrants are taxed, and the share of those taxes that accrue to year t adults.  Assets and pension transfer wealth are equal to the remainder.  A key question is whether foreign transfer wealth crowds out assets or old age transfer wealth.  I don’t really know what the evidence is on this point.  A natural starting point is to assume that the relative sizes of assets and pension transfer wealth are unaffected by foreign transfer wealth.  If we represent the share of foreign transfer wealth by 
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.  In standard scenarios, the domestic transfer policy is held constant although the current model allows for transfer policy to change over time.  
The relative size of child transfer wealth is [image: image22.wmf]()()()
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 and rearranging terms gives the total assets of adults and, because only adults hold assets, aggregate assets in year t:  
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The value of assets (accumulated by saving) and the present value of net foreign transfers is given by: 
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Total assets depend on four factors:  pension transfer policy (both public and private), the cost of children both public and private, immigration policy, and the lifecycle wealth required to support adult consumption.  Transfer policy and immigration policy are exogenous, whereas the cost of children and lifecycle wealth are both endogenous.
Foreign Transfer Wealth

The net transfers received in each period are given by 
[image: image25.wmf]()()()()

flf

YttaxtytLt

=

 as explained above.  In the current period these transfers accrue entirely to year t adult, but in future periods some portion of those revenues accrue to cohorts who are children or not yet born in year t.  In keeping with the convention followed in NTA, we assume that the foreign transfers accrue to age groups in proportion to their share of current taxes.  In year x, the share of net foreign transfers to year t adults is equal to 
[image: image26.wmf]00

()(,)(,)

axa

f

aa

wtxLatxLatx

ww

=+=

+=++

åå

 where 
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 is the year at which members of the population become adults.  Net foreign transfer wealth is equal to:
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or


[image: image29.wmf]0

0

()(1)()()

x

f

x

a

ff

TtrwtxYtx

w

-

=

-

éù

=+++

ëû

å


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (8)

There is no change in the calculation of the following variables: 
Labor Income and Consumption:  
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Lifecycle Wealth:  
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Child Transfer Wealth:  
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Lifecycle Pension Wealth:  
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Solving for the Consumption Trajectory

The aggregate flow constraint is governed by:
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Steady-state Results

In steady-state, assets and net foreign transfer wealth grow at the same rate as total labor income, 
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, substituting for income and consumption, and rearranging terms, assets in steady state must satisfy:  
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From the analysis of the lifecycle the relationship between assets and lifecycle pension wealth is governed by exogenously specified pension transfer policy and immigration policy:   
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where 
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 is calculated in the conventional way.  Combining the macro and lifecycle conditions and noting that the growth rate of the consumption index must equal the growth rate of the production index in steady-state, the consumption index in steady-state must satisfy:
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Rearranging terms yields:  
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where 
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 is the ratio of lifecycle pension wealth to current labor income.
Equation (13)

 tells us the level of consumption that can be sustained in steady-state given any level of labor productivity.  Age-structure determines the steady-state consumption ratio through two multiplicative factors – the economic support ratio and a second factor that captures the influence of age structure on lifecycle pension wealth and, hence, assets given public policy towards public transfers and immigration.  An increase in net foreign transfer wealth allows residents to maintain a higher level of consumption.  The effect is greater if (a) the steady-state support ratio is greater; (b) the gap between interest rates and the rate of growth of GNP are greater; and (c) domestic transfers programs are larger.  
Backward Recursion

The backward recursion solution computes the consumption index and, hence, all other variables in period t-1 conditional on the values in period t.  The steady-state values are known.  Hence, we can begin in period t*, solve for period t*-1, and recursively solve for all periods t.  


From lifecycle accounting, assets and foreign transfer wealth: 
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Pension policy may vary with year, but here we drop t to simplify notation.  The right-hand-side variables include consumption in year t-1, consumption in year t and subsequent years, and labor income terms in year t-1 and later.  Only the consumption terms in year t-1 are unknown and must be solved for.  These are distinguished in:  
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From macro accounting, we know that: 
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This gives us two equations in two unknowns, assets and the consumption index in period t-1.  Substituting for 
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Multiplying both sides by 1+r and rearranging terms yields:  
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Further algebra gives the consumption index for t-1:    
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Foreign transfer wealth in period t-1 can be calculated directly given immigration policy and labor income in the current and future years.  Assets in period t-1 can be calculated using either equation (16)

. (15)

 or equation 









� We assume that assets are measured at the beginning of the period and that consumption and income accrue at the end of the period.
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