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Abstract

I provide an economic model with endogenous movements in TFP as a tool for understanding a
rationale behind the productivity decline in New Zealand. Cohort quality, measured by a country's
human capital distribution determines opportunities for growth. Vintages of human skills are subject to
network effects. These network effects, while important for productivity, have the side effect of
introducing incentives for 'rent-seeking' behavior. Innovative activities generate a positive externality
to other innovators, while rent-seeking activities generate a negative externality and discourage
innovation. I calibrate the model to match a set of key observations on output fluctuations in New
Zealand. Numerical simulations of the calibrated model reveal that the reforms did improve efficiency
by creating incentives for the skilled population to allocate a greater proportion of their resources to
innovative activities. Those activities, however, brought a skill-biased technological change that raised
the basic skill requirement. Facing resource constraints due to an implicit adverse selection bias in the
market against updating skill a large number of adults in New Zealand have failed to keep up with the
growing basic skill requirements and, therefore, decided to switch from innovating to supplying labour.
The resulting shrinkage of innovators reduced competition for the high-skill agents and their incentives
reverted from innovating to exploiting old institutions to extract economic resources of others, or
equivalently, to rent seeking.

Key Words: TPF, Rent Seeking, Human Capital Distribution, Path-Dependent Steady States.

1 I have presented a different paper on a closely related topic at the NZESG workshop held in Auckland on 9 March 2002. I
would like to thank without implicating John Gibson, Ian King, John Kennes, Les Oxley and other participants of for
providing constructive comments that has helped me to write the current paper.
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I. Introduction

“Individuals may seek to extract economic rents from others, or from Institutions, instead of

putting their efforts into creating new wealth.”

------- Christopher A. Pissarides (2000)

In his 2002 Richard T. Ely lecture2 Edward C. Prescott asked, “Why are New Zealand’s and

Switzerland’s economies depressed by over 30 percent relative to their trend-corrected levels?”

Prescott noted in his lecture that trade and financial liberalization and competition would improve

economic performance. Yet economic reforms in New Zealand in the 1980s had made most of these

prescribed changes: Trade reforms led to New Zealand’s joining of APEC. Financial reforms led to the

decline of inflation. Competition increased substantially following reforms in the labor market and the

sale of State-owned enterprises. Nevertheless, in the 1990s the trend in GNP in New Zealand took an

inverted U-turn. Why did the ‘right’ reforms not have their intended consequences? In the early 1990s

the economy also experienced a sudden increase in volatility of output, consumption, wages and

interest rates. Unfortunately, the increased volatility did not come as a compensation for an upward

shift of the long-term productivity in New Zealand. Prescott (2002) provided data to illustrate an

inverted U turn in the growth rate of total factor productivity (TFP) in New Zealand in the 1990s. Why

have not those reforms raised the long-term trend in the TFP growth in New Zealand? In this paper I

seek to answer that question within the neoclassical framework.

Following Solow (1956) and Prescott (1986) researchers typically find the movement of the

ratio of the national output to the measured input, popularly known as the total factor productivity

(TFP), to be the source of long-run growth and an important source of short-run fluctuations. With a

few exceptions3, economists have not yet developed a theory to explain the movements in TFP.

Economic policy advisers in many countries often attempted to measure the TFP growth as a residual

with a flawed assumption that the changes in capital stock is independent of the changes in the

unmeasured productivity. Those exercises consequently have raised more questions and few answers

2 1Public lecture given at the annual meeting of the American Economic Association in Atlanta on January 4, 2002.
3 Prescott (1998)
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for the policymakers. An integral part of understanding how to manipulate TFP requires building of an

economic model to determine that variable.

The whole generations of endogenous growth theories that follow Lucas (1988) model TFP as

an outcome of choices made by agents but for which they are not fully compensated and, therefore,

characterize it as an external effect. Recent findings4 suggest, however, that economic reforms alter key

fundamentals to cause changes in the optimal decision rule of the agents in a way such that it also alters

the TFP in the economy. I design a theoretical model of TFP based on the above strands of thoughts

and apply it to examine relevant data on the New Zealand economy via simulation-based exercises.

The objective of those exercises is to provide a numerical analysis of how economic reforms may have

fundamentally changed the movements of TFP and the other related macroeconomic aggregates in New

Zealand.

The model economy is similar to the “AK model” of Romer (1986) except the value of the TFP

or “A” depends on what proportion of the labor force supplies raw labor and how the remaining

proportion allocates its productive time between generating profit by producing additional output and

extracting rent from others by securing a zero-sum transfer in their favor. Murphy, Shleifer and Vishny

(1991) and Pissarides (2000) provide models in which parametrically determined proportions of profit

seekers and rent seekers affect the level of TFP in the economy. The model provides one algorithm to

demonstrate how the act of seeking rent may reduce both volatility and growth of national income and

then to examine how the recent economic reforms has altered the distribution of effective tax burden

across agents to discourage rent-seeking activities. I argue that the drop in rent-seeking activities led

by economic reforms can account for a significant part of increase in both the long-run growth and

short-run volatility of TFP and output.

Pissarides (2000) defines a “rent-seeking” activity as one that results in a higher private return

that does not arise from a growth-enhancing activity. He offers examples such as behavior of the

employees in the public sector, the ‘insiders’ of a strong trade union, beneficiaries of various barriers to

trade and the people with pockets of monopoly rights as rent-seeking behavior. He suggests that

economic reforms that reduce the potential rents for various interest groups encourage people to

allocate a greater fraction of time in seeking profitable opportunities that enhances growth. The model

4 Li (1997) provides findings from a case study in China regarding how economic reforms may change incentives of

economic agents to alter the level of TFP. Pissarides (2000) reports similar finding for India, Chile, Egypt and Tanzania.
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I design share that view but assumes, unlike him, that rent-seeking activities are human capital

intensive. The ownership of human capital cannot be divided for trade like physical capital. This

indivisibility in ownership implies an implicit monopoly right for people with high levels of human

capital relative to others. A more negatively skewed distribution of human increases the potential size

of the rent and the implied rent-seeking opportunities.

The model also builds on a recent stream of literature in which the initial inequality of

endowments shapes a country’s occupational structure and growth.5 I abstract from physical capital but

only for simplicity with an implicit assumption that the average human capital stock is a good proxy for

the average stock of physical capital in a country. All results of the paper can be extended for a small

open economy model with both physical and human capital provided. Endogenous investment fuels

perpetual growth. The initial distribution of human capital characterizes the proportion of the

innovators and rent seekers in the labor force, and, that determines the maximum productivity potential

of a country. As in Alessina and Rodrik (1994) and Judd (1985), the government redistributes income

from the owners of accumulated human capital to the owners of a non-reproducible input, labor. This

redistributive policy influences occupational distribution and how the owners of human capital allocate

their time between rent seeking and innovating activities, which, in turn, determines the country’s total

factor productivity.

The economic model would incorporate a network effect that arises from complementarity

between technology and cohort quality1. That network effect, while important for productivity, also

would have the side effect of encouraging rent-seeking activities that merely redistribute economic

resources rather than increasing productivity through innovation. The interaction between a policy

regime and the distribution of human capital would determine how economic agents allocate resources

between innovative and rent-seeking activities and that, in turn, would determine TFP. Agents with the

‘high’ skill would seek rent. They have a comparative advantage in extracting resources from others

with relatively less knowledge. Agents with skill in the intermediate range would innovate to compete.

Those at the bottom, below the ‘basic skill’, would supply labour.

My hypothesis is that the reforms did improve efficiency by creating incentives for the skilled

population to allocate a greater proportion of their resources to innovative activities. Those activities,

however, brought a skill-biased technological change that raised the basic skill requirement. Facing

5 See, for example, Banerjee and Newman (1993), Galor and Zeira (1993), Bandyopadhyay (1993) and Freeman (1996).
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resource constraints due to the implicit adverse selection bias in the market against updating skill, some

agents in the middle group failed to keep up with the growing basic skill requirements and, therefore,

decided to switch from innovating to supplying labour. The resulting shrinkage of innovators reduced

competition for the high-skill agents and their incentives reverted from innovating to rent seeking. A

successful reform would, therefore, need to provide incentives and resources to prevent the middle

group from falling below the basic skill level.

In a calibration exercise, I use the quarterly time series data on the New Zealand economy since

1984 to estimate the fundamental parameters of the model. Using the calibrated model I simulate

fluctuations of the key macroeconomic aggregates under alternative policy regimes and compare them.

The objective of those simulations include characterizing numerically the conditions under which the

economic reforms in New Zealand would tilt the steady state distribution of human capital in a way to

produce (a) the outcome of high volatility with low growth that the critics of the reforms emphasised

and, alternatively, (b) the outcome that the proponents of reforms intended. Those comparative

simulations reveal a few key propositions regarding how economic reforms might have influenced the

movements of TFP in New Zealand.

In the following section, I describe the model and its equilibrium. The discussion on steady

states and calibration appears next. The description of a few key properties derived from numerical

simulations of the calibrated model and concluding remark follows afterwards. I provide the data

generated by the calibration exercise in Appendix following the list of references.

II. The Model

I consider an environment consisting of a continuum of infinitely lived agents represented by the

unit interval [0, 1], a single perishable consumption good, variable human capital, labor measured in

time units, two occupations, namely, work and management and a technology that is partly determined

by the cumulative distribution function of human capital. Each agent has one unit of labor per period

and h≥ 0 units of initial stock of human capital and must make a discrete occupational choice between

work and management. Each agent divides her income between current consumption and investment

in human capital. Investment in human capital is the only means of transferring resources to a future.

Each agent maximizes the present discounted value of her lifetime utility subject to the period-by-

period budget constraints. At date t, Ψt denotes the cumulative distribution function of human capital

among the date t adults. The history specifies the initial distribution Ψ0.
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Groups of agents carry out production. Each group consists of a manager and one or more workers.

Working as a group leader a manager spends her time networking with others. Those networking

activities help her to gather information about the current technology frontier that raises the

productivity of her group or to manipulate tax-loopholes or publicly funded projects that generate a

zero-sum transfer of income in her favor from the rest of the economy. In particular, I assume that at

each date t=0, 1, 2,…, a manager buys raw labor input from the workers at a price wt and earns the

difference between output and the labor cost as profit. Her profit increases as she innovates new

technique to raise output per unit of labor. The efficiency of her innovation increases with her human

capital. A manager’s “reputation” increases with her publicly verifiable profit earnings. I assume that

a manager can use her reputation to extract “rents” measured by the zero-sum transfer of income from

the rest of the economy. Those rents constitute tax avoidance, receipts of public funds or benefits. She

extracts those rents by her influence on the public sector that increases with her reputation as well as

with her human capital relative to the economy-wide average. Unlike profits, rents are extracted in

private and hence not taxable. She allocates a fraction 0>ρ of her time extracting zero-sum rents from

others and the remaining 0)1( >− ρ fraction of her time in seeking profit from additional output. At

each date t, the proportion mt of agents is a manager and the remaining (1-mt) proportion of adults is a

worker. In particular, a manager with a rank of p percentile in the human capital scale and who earns π

units of profit would be able to extract 0.5ρ pπunits of rent. I choose the number 0.5 purely for

simplifying my numerical analysis of the model.

The TFP of a managerial firm is subject to a positive network externality that I measure by the

average human capital following similar ideas of Lucas (1988). However, the value of the firm’s TFP

also depends on the fraction of time a manger seeks to innovate in pursuit of profit rather than seeks

rent from others. In other words, the average human capital in the economy proxies the usable stock of

knowledge and determines the potential TFP that a manager can exploit while the actual TFP for her

firm depends on the fraction of her time she seeks to innovate. Prescott's (1998) also distinguishes

between available knowledge and the amount that get used in production. 6

6 Prescott (1998) argues that the cross-country disparity in income is more explained by how much non-rival knowledge a

country could exploit rather than the availability of non-rival knowledge itself. In a similar vein, Galor and Tsiddon (1997)

also highlight the importance of high-ability individuals in determining economic growth.
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The date t output as a function qt(.) of the manager’s human capital h, the fraction )1( ρ− of her time

she seeks profit and the number nd of workers is given by

adab
tt

d
t nhHzhnq )()()1();,( 1−−= ρρ , (1)

where 0 < a < 1, zt an i.i.d. productivity shock which everyone observes at the beginning of each date t

and which has a distribution N(1, σ2), and b>0 such that

The government levies a constant proportional tax τ on profit, the publicly verifiable income of

the managers, and makes a redistributive transfer of benefit bt to each worker. Through their rent-

seeking activities managers privately extracts nontaxable transfers from others in proportion to their

reputation measured by their taxable income.

Lemma 1: The profit of a manager per unit of time she seeks it is a constant proportion of her human

capital stock h.

Proof: At each date t ≥ 0 , a manager, who seeks profit only, observes the productivity shock zt and

employs dn number of workers per unit of time she seeks profit so as to

Maximize d
t

adab
tt nwnhHz )1()()()1( 1 ρρ −−− − (2)

The first order condition of (2) yields 11 )( −−= adab
ttt nhHazw . Consequently, as a function of a

manager’s human capital h the date t optimal number ntd(h) of workers is:

h
w

Haz
hn

a

t

b
ttd

t

−









=

1

1

)( , t=0, 1, 2.... (3)

By (3) and (4), at each date t, the indirect profit of a manager who allocates no time for rent seeking is

proportional to her human capital stock h and is given by rt h, where,

rt=
)1/()/()1( aa

t
a
ttt

b
tt wHmazHza −− θ ,t=0,1, 2,.... (4)
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Q.E.D.

Consequently, her total disposable income would be a multiple tr (ρ, h) of her human capital stock h

where,

ttt rhphr )1))((5.01(),( ρρτρ −+−= , where ttt Hzhhp /)( = . (5)

In other words, a manager can reduce her effective tax rate by rent-seeking activities but only after

forgoing a part of her potential profit income. The trade-off described by (5) implies an optimal profile

ρt*(.) of rent-seeking among the managers as follows:

otherwise.,0

,)1(2,
)1(2

15.0),(*

=

−=≥





 −−= ttRt

tt
tt Hzhh

h

Hz
zh ττρ

, (6)

By (7), it follows that a manager with a larger stock of human capital relative to others would allocate a

greater proportion of her time in seeking rent. The government transfers bt units of benefit to each

workers and the government’s budget constraint must satisfy

),(]))(),(*5.0[()1(
}0)(:{

hdhrhpzhmb t

hnh

tttttt Ψ−=− ∫
=

ρτ (7)

where n(.) indicates a discrete occupation: management (n=0) and work (n=1).

In the absence of any rent-seeking activity the higher the value of τ the greater is the degree of

redistribution.7 Rent seeking activities by the managers change the effective degree of redistribution.

By (7) we note that if the government targets a grater degree of redistribution of income from managers

to workers then managers would react to mitigate it by diverting their skill from profit seeking to rent

7 In principle τ can as well be negative which means a proportional educational subsidy financed by wage taxation. A

natural question arises: what is the optimal τ? Bandyopadhyay and Basu (2001) explore this issue in a separate paper and

find that the optimal τ depends on the initial proportion of skilled people and may not be necessarily zero unlike Judd (1985,

1999). In this paper, we keep τ as a redistributive policy parameter, which may not correspond to the optimal rate.
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seeking. At each date t ≥ 0, the occupational choice indicator nt(.) and the optimal profile determine

the personal income yt (. ) of an adult as a function of her human capital h ≥ 0:

)),(())(1()()( *
ttttttt zhrhnwhnhy ρ

−−
⋅−+⋅= , where ttt bww += At date t+1. (8)

The human capital summarizes the level of formal education as well as informal networking

skill that one possesses. The investment st in formal schooling increases one’s human capital in one-to-

one proportion. Some human capital becomes obsolete every period. Through networking one can

update her skill and recover a part of her human capital is she seeks technology rather than various

sources of rent. The occupation, activity and income of a person in the previous period determine the

frequency and the nature of usage of one’s human capital. Workers have zero usage. For a manager,

the depreciation of human capital increases with the fraction of time she spends in rent-seeking activity.

In particular, the law of accumulation of human capital is given by,

10),()()1(1 <<−+−=+ δδδ hyhshh t
N

tttt t=0, 1, 2, …..

where,

1)/1()( −+= hhh Rt
N
tδ , if Rthh ≥ and n(h)=0, i.e., a manager who seeks rent,

= 0.5, if Rthh ≤ and n(h)=0, i.e., a profit-seeking manager,

= 1, if n(h)=1, i.e., a worker, (9)

where hRt = tt Hz)1(2 τ− denotes the minimum stock of human capital necessary to gain from rent

seeking activities. I made the choice of the number half as the fraction of income that a fulltime profit-

seeking agent forgoes in networking purely for simplicity. Note when h=hRt, )(hN
tδ =0.5.

The lifetime utility and the period-by-period budget constraints of an agent are, respectively,

given by,
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,ln)(where,),(
0

0 ccucuv t
t

t ==∑
∞

=

β 8 (10)

)(hysc ttt ≤+ t=0, 1, 2,… (11)

Note the absence of a viable credit market is implicit in the above budget constraint. Note, however,

that the above assumption can be relaxed for a small open economy without any loss of generality of

the key findings that I report in this paper.

Given a sequence {zt} of productivity shock that agents observe at the beginning of the period,

at t= 0, the optimization problem of an agent with h ≥ 0 units of human capital is to choose a sequence

( ) ( ) ( ){ } ......2,1,0
* )(},1,0{,0,0 =∈≥≥ ttttt hhnhshc ρ , so as to

Maximize ∑
∞

0=t

t )(E tcuβ subject to (1)-(11).

Lemma 2: At each date 0≥t there exist two real numbers xt>0 and hRt>xt that partition the domain of

human capital to characterize the adult’s optimal allocation of time for various activities as a function

of her human capital as follows:

(a) if h<xt, she supplies all her time for work under the supervision of a manager;

(b) if xt<h<hRt, she supplies all her time seeking profit as a manager;

(c) if h>hRt, she supplies part of her time seeking profit and the rest of her time seeking rent as a

manager.

Lemma 3: A manager with h>hRt allocates an increasing function of her time in seeking rent. Her

disposable income is an increasing function of her human capital unlike the completely specialized

profit seekers, whose disposable income is a constant fraction of her human capital and unlike the

worker, whose disposable income is a decreasing function of her human capital.

8 Jones, Manuelli and Stacchetti (2000) report that the use of a non-logarithmic utility function creates a built-in relationship

between volatility and the expected long run growth rate. Moreover, the nature of that relationship changes qualitatively

with a minimal change in the curvature of the utility function. I, therefore, choose the logarithmic utility to highlight the

argument that the relationship between volatility and growth arises directly from the optimal response of the agents to

economic reforms rather than from a specific curvature of the utility function.
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Equilibrium

The set of sequences {ct(h, zt), st(h, zt), nt(h, zt), )(*
tt h, zρ , ntd(h, zt): h ≥ 0 ;xt, rte, mte, Hte, zt, wte,τ

}t=0,1,2,..and the initial distribution Ψ0 describe the model’s equilibrium such that at each t ≥ 0 , the

labor demand ntd(.) satisfies (4), the implicit rental price rt of human capital satisfies (5), the expected

breakeven skill xt satisfies (8), the optimization problem (14) is satisfied for each agent, and the

expected sequence {Ht, mt}t ≥ 0 coincides with the same generated by the optimal sequence of { st(h,

zt), nt(h, zt)}t=0,1,2,.., such that

)(
}0),,(:{

hdm
tt zhnh

tt ∫
=

Ψ=
τ

, (12)

( ) ( ) ( ) ( )hdzhyhzhshhdH ttt
N

tttt Ψ−∫+Ψ∫−=+ )),()(,(11 δδ , )(00 hhdH ∫= Ψ , (13)

and the labor market clears such that at each date t=0, 1, 2,…,

t

hnh

ttttt
d
t mhdmHzwhn

t

−=Ψ∫
=

1)(),;,(
}0),(:{ τ

(14)

The goods market clears such that at each date t=0, 1, 2..,

=Ψ+∫
≥0

)()),(),((
h

ttttt hdzhszhc )(),);,(,(
}0),,(:{

hdmHzzhnhq
tt zhnh

ttttt
d
t∫

=

Ψ
τ

. (15)

The distribution of human capital evolves as

( ) )())),()(,()1((1 hzhyhzhsh ttt
N

ttt Ψ=−+−Ψ + δδ . (16)

This completes the definition of equilibrium.
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III. Balanced Growth State

A balanced growth state in the above environment is characterized by a common time invariant

expected growth rate γe 0≥ of per capita output, per capita consumption and the average human capital,

a constant expected proportion m of adults who are managers, a constant expected proportion mR of

adults who seeks rent, a constant expected relative share Rλ of human capital of the rent seekers, a

constant share of the threshold stock 00 >h such that no adults with initial human capital below that

level ever invests in human capital and a threshold level hR>h0 for rent seeking activity where

∫ Ψ−= hdhR )1(2 τ .

A competitive equilibrium with an initial distribution Ψ0 with Ψ0 (h) = 1-m, for 00 hh <≤ <

0
)1(2 ∫ Ψ− hdτ , describes a balanced growth state. In such a state, at each date t=0,1,2…the stationary

expected values of the variables are as follows:

1. Steady state proportions of various occupational groups in the labor force:

(a) Managers: mhdm
hh

tt ∫
≥

=Ψ=
0

)( ; (17)

(b) Rent-seekers: R

hh

tRt mhdm
R

∫
≥

=Ψ= )( . (18)

(c) Profit-seekers: )( Rmmm −=Π . (19)

2. Human capital share of the rent-seekers: R

h

t

hh

t

Rt
hd

hd
R λλ =

Ψ

Ψ
=
∫

∫

>

≥

0

. (20)

3. Expected value of TFP: E(TFPt)=
aa

RR mm )1())1(5.01( 1 −−+− −τλ . (21)

4. Expected wage rate:
t

tte
t m

HTFPaE
w

−
=

1

)(
. (22)

5. Expected price of human capital: re=
a

RR m

m
a 








−+−

−−
)1(5.01

1
)1(

τλ
. (23)
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6. Expected growth rate of output: )1)1(5.0( δτβγ −+−= ee r . (24)

Utilizing the steady state properties of the model I now characterize a theoretical algorithm for

partitioning the data to do the national income accounting exercise.

National Income Accounting:

1. Per capita national income tt
a

t
a

RtRtt HzmmY )1())1(5.01( 1 −−+−= −τλ . (25)

2. Degree of rent seeking:
RtRt

RtRtRtRt
t m

mmCV

)1(5.01

)1(5.0)/(1)(8/1( 222

τλ
τλθ

−+−
−−+= . (26)

3. Benefit per worker: t
t

t
t Y

m

a
b

−
−−=

1

)1)(( θτ
. (27)

4. Total income of the workers: t
W

t YaaY ))(1(( θτ −−+= . (28)

5. Total income of the profit seekers: 







−+−
−−−=Π

RtRt

Rt
t m

a
Y

)1(5.01

)1)(1)(1(

τλ
λτ

Yt.. (29)

6. Total income of the rent seekers: 







+

−+−
−+−

−= t
RtRt

RtRtR
t m

m
aY θ

τλ
τλτ
)1(5.01

)1(5.0)(1(
)1( Yt. (30)

7. Total consumption of the workers: t
W
t YaaC )))(1(( θτ −−+= (31)

Remark: Note that to ensure 0>W
tC , we must have:

τθ
τθ
−+

−=>
1

*aa or, equivalently,

a

a

−
−=>

1
* θττ .
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8. Total investment: R
ttt SSS += Π , where,

(a) Profit-seekers: tRttt HkrS )1))(1)(1()1)(1(5.0( λδβτβ −−+−−−+=Π ; (32)

(b)Rent-seekers: ttRRtRtRtt
R
t HrcvmkrS ))1()/)(8/1())1)(1()1(5.0( 22 ++−+−−−= λλδβτβ . (33)

9. Total consumption: ).()( R
t

R
ttt

W
tt SYSYCC −+−+= ΠΠ (34)

10. National Income Identity: R
tttt SSCY ++= Π . (35)

IV. Calibration of the New Zealand Experience

I estimate the parameters of the model using a calibration exercise as follows:

I choose the benchmark values of the average tax rate and the depreciation rate to be, respectively, 0.3

(pre-reform average tax rate) and 0.1. I estimate the remaining three free parameters a, β, and k by

minimizing the root mean square error RMSE between the model’s predicted value Y(t) and the

quarterly data on NZ GDP per capita between March ’84 and March 2000 and by matching the trend

growth rate to be equal to the pre-reform average growth rate of 1.20% and the consumption to income

ratio to be also equal to its pre-reform value of 54%.
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Model's Prediction vs NZ GDP
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Results from numerical simulations of the model calibrated to the NZ economy:

1. Note from equations (21) and (25) there are multiple sources of volatility of TFP:

2,,, RRtRtt cvmm λ beside the exogenous productivity shock zt.

2. A higher value of the exogenous shock zt corresponds to a higher value of the threshold

hRt= tt Hz)1(2 τ− for the rent-seekers. Consequently, the measure Rtm of rent-seekers is a non-

increasing function of zt. In other words, a positive productivity shock decreases the measure of

rent-seekers and increases the measure of the profit seekers. Consequently, a positive

productivity shock precipitates innovative activities that further add to productivity growth. The

opposite effect occurs in response to a negative productivity shock. Also note that the variance

of the threshold hRt increases with a lower value of the tax rate for a given value of the variance

of the productivity shock zt.

3. Also, θλ and, RtRt m are non-decreasing functions of a mean preserving spread of the

distribution of human capital among the managers. In other words, a greater dispersion of

human capital in the skilled labor force would imply a greater human capital share Rtλ of the

rent-seekers, a greater measure Rtm of rent-seekers and a greater burden θ of rent on the

workers and profit seekers.
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4. Degree of rent-seeking θ increase with the coefficient of variation cv2=(Varianc/Mean2) of

human capital among the rent-seekers.

Next, I include results from simulations of the above model to illustrate how fiscal reforms

affect TFP: Average, Variance and CV2=(Varianc/Mean2) of output per capita and the implicit

rental price of human capital over time series as the average tax burden increases from 10% to 40%.

First, I consider a weak network effect or, equivalently, a high rate of depreciation of human

capital. Later, I consider a strong network effect that offsets depreciation.

(a) Weak Network Effect: Average and variance decrease while the CV2 increases implying that the

average declines faster than the variance. The rental price of human capital increases monotonically

as the tax rate increases.

Average TFP vs Tax Rate:
Weak Network Effect
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CV^2 of TFP vs Tax Rate

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

0% 10% 20% 30% 40% 50%

Tax Rate

Rental Price of Human Capital:r(t)

0.51

0.52

0.52

0.52

0.52

0.52

0.52

0.52

0.52

0% 20% 40% 60%

Tax Rate

(b) Strong Network Effect: Average and variance decrease while the CV2 increases implying that

the average declines faster than the variance. Consequently, switching to a regime of a higher

average tax rate, as the New Zealand did in the late 1990s, the government can reduce volatility but

only at the cost of reducing the long-term average growth rate of per capita income. Even in this

case, however, the rental price of human capital also increases monotonically as the tax rate

increases.

Average TFP vs Tax Rate:
Strong Network Effect
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CV^2 of TFP vs Tax Rate: k-
delta>0
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Next, I examine how fiscal reforms affect the distribution of human capital among the rent seekers

and the implied degree rent seeking in the economy. Recall that the degree of rent seeking increases

with CV2 of human capital among the rent seekers. The simulations suggest that if the network effects

were strong then the post-reform era of low tax regimes would correspond to a low degree of rent-

seeking while an average tax rate that exceeds 30% would sharply increase rent-seeking activity in the

economy. On the other hand, if the network effects were weak then low tax rates would encourage rent

seeking and would decreases it when the average tax rate exceeds 20%.

CVR^2(t) of Human Capital of Rent
Seekers: Strong Network Effect
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CVR^2(t) of Human Capital of Rent Seekers:
Weak Network Effect
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I conclude from the above evidence that a combination of low tax rate weak network effect or a

combination of high tax rate and strong network effect leads to a high degree rent seeking that retards

economic growth. A plausible conjecture would be that economic reforms foster networking by

removing various institutional barriers. Consequently, reforms that include a low tax regime would

reduce rent seeking and foster economic growth. At the same time if the networking effects were weak

prior to reforms then a high tax regime would have been consistent with a low degree of rent seeking

and with a favorable terms for economic growth. By this logic an increase in the tax rate in the middle

of a strong networking effect implied by the continuation of the economic reforms would retard long-

term growth.

Besides, the increase in rent seeking activities, there is also another dimension to the productivity

problem. Economic growth has encouraged innovative activities among the managers under a low tax

regime that immediately followed economic reforms. Those activities also encouraged the managers to

accumulate human capital via schooling and networking and that, in turn, made a typical manager’s

technology more skill intensive. Recall from the specification of the manager’s optimization problem

(2) that given the human capital stock of a manager, she chooses the optimal number of workers to do

the necessary functioning of the firm that requires no formal skill. The resulting skill bias in

technology has induced a positive trend in the basic skill requirement for generating greater income

from management than from work. The growth was arrested by a higher tax rate in the late 1990s,

however. The required level of human capital for benefiting from rent seeking also ceased to grow and
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May have decreased. Consequently, the proportion of the managerial population that seeks profit shrank.

To sum up, according to the above results, a combination of the increased frequency of rent seeking

activities and the decreased population of potential profit seekers constitute the two key factors causing

a down turn in trend of productivity growth in New Zealand in the late 1990s.

V. Concluding Remarks

In this paper I aim to explain why economic reforms in New Zealand have not raised the long-

term trend in the total factor productivity (TFP) growth contrary to the conventional wisdom. With that

objective I calibrate a neoclassical growth model that allows ‘endogenous TFP variations’ to the New

Zealand economy. Based on the numerical simulations of that model I conclude that the reforms did

improve efficiency by creating incentives for the skilled population to allocate a greater proportion of

their resources to innovative activities. Those activities, however, brought a skill-biased technological

change that raised the basic skill requirement. Facing resource constraints due to the implicit adverse

selection bias in the market against updating skill, some agents in the middle group failed to keep up

with the growing basic skill requirements and, therefore, decided to switch from innovating to

supplying labour. The resulting shrinkage of innovators reduced competition for the high-skill agents

and their incentives reverted from innovating to rent seeking. A successful reform would, therefore,

need to provide incentives and resources to prevent the middle group from falling below the basic skill
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level. In pursuit of that goal, future researchers should be able to utilize the model to design a new

algorithm for manipulating TFP with government policies.
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Appendix: Data Generated by the Calibrated Model for the New Zealand Economy

Parameters: a b delta k tau beta Calibration CheckC(t)/Y(t) 0.54
0.32 0.32 0.10 0.30 0.79 growth rate 1.32%

Constants: H m mR
z 1.00 9.75 0.55 0.25
Initial Distribution of Human Capital: Psi

Worker Manager MarginalRRent Seekers
h 0.00 15.00 20.00 25.00
dPsi 0.45 0.30 0.20 0.05 1.00
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Rate

Price of
Human 
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Stats NZ 
old series

Quarter z(t) TFP Y(t) YΠ(t) YR(t) C(t) CW(t) CM(t) CR(t) S(t) Sm(t) SR(t) W(t) r(t) gamma(t)
Mar-84 1.05 0.75 7.29 1.76 4.60 3.96 0.93 1.25 1.78 3.33 0.51 2.82 2.36 0.56 1.32% 17552
Jun-84 1.03 0.73 7.19 1.74 4.54 3.48 0.41 1.26 1.80 3.21 0.48 2.73 2.32 0.54 0.91% 17573
Sep-84 1.04 0.74 7.35 1.77 4.64 3.53 0.42 1.27 1.83 3.31 0.50 2.81 2.37 0.55 1.10% 17559
Dec-84 1.06 0.75 7.59 1.83 4.79 3.56 0.44 1.29 1.84 3.49 0.54 2.95 2.45 0.56 1.43% 17824
Mar-85 1.00 0.71 7.29 1.76 4.60 3.54 0.42 1.30 1.82 3.24 0.46 2.78 2.35 0.53 0.60% 17853
Jun-85 0.90 0.64 6.59 1.59 4.16 3.51 0.38 1.29 1.85 2.62 0.30 2.31 2.13 0.48 -0.87% 17855
Sep-85 1.03 0.73 7.44 1.80 4.69 3.57 0.43 1.30 1.84 3.35 0.50 2.85 2.40 0.55 0.95% 17728
Dec-85 0.97 0.69 7.10 1.71 4.48 3.58 0.41 1.30 1.86 3.03 0.41 2.61 2.29 0.52 0.13% 17927
Mar-86 1.03 0.73 7.55 1.82 4.76 3.60 0.43 1.32 1.85 3.41 0.51 2.91 2.44 0.55 1.00% 17852
Jun-86 0.95 0.68 7.03 1.70 4.44 3.57 0.40 1.31 1.86 2.96 0.38 2.58 2.27 0.51 -0.16% 18244
Sep-86 0.96 0.68 7.07 1.71 4.46 3.59 0.41 1.31 1.87 2.99 0.40 2.59 2.29 0.51 -0.06% 18528
Dec-86 1.01 0.72 7.46 1.80 4.70 3.65 0.43 1.32 1.90 3.28 0.48 2.80 2.41 0.54 0.71% 18031
Mar-87 1.07 0.76 7.91 1.91 4.99 3.68 0.45 1.34 1.89 3.67 0.57 3.10 2.55 0.57 1.49% 18176
Jun-87 0.95 0.67 7.14 1.72 4.50 3.66 0.41 1.34 1.91 2.98 0.39 2.59 2.31 0.50 -0.23% 18261
Sep-87 1.02 0.72 7.64 1.84 4.82 3.72 0.44 1.35 1.93 3.38 0.50 2.88 2.47 0.54 0.77% 18315
Dec-87 1.05 0.74 7.94 1.92 5.01 3.73 0.46 1.37 1.91 3.65 0.55 3.10 2.57 0.56 1.24% 18403
Mar-88 0.91 0.65 7.00 1.69 4.41 3.67 0.40 1.36 1.92 2.83 0.33 2.50 2.26 0.48 -0.74% 18287
Jun-88 0.95 0.68 7.24 1.75 4.57 3.69 0.42 1.35 1.92 3.05 0.40 2.65 2.34 0.50 -0.17% 18245
Sep-88 0.97 0.69 7.37 1.78 4.65 3.73 0.42 1.35 1.95 3.12 0.42 2.70 2.38 0.51 0.09% 18226
Dec-88 1.06 0.75 8.06 1.95 5.09 3.79 0.46 1.37 1.96 3.70 0.57 3.13 2.60 0.56 1.41% 18195
Mar-89 1.02 0.72 7.85 1.90 4.95 3.83 0.45 1.38 1.99 3.47 0.51 2.96 2.54 0.54 0.79% 18318
Jun-89 1.07 0.76 8.30 2.00 5.24 3.85 0.48 1.41 1.96 3.87 0.60 3.27 2.68 0.57 1.52% 18568
Sep-89 0.91 0.65 7.19 1.74 4.53 3.80 0.41 1.39 2.00 2.88 0.34 2.54 2.32 0.48 -0.77% 18373
Dec-89 1.02 0.73 8.01 1.93 5.05 3.87 0.46 1.41 2.01 3.57 0.53 3.04 2.59 0.54 0.86% 18342
Mar-90 1.02 0.72 8.06 1.95 5.08 3.91 0.46 1.42 2.03 3.58 0.53 3.05 2.60 0.54 0.83% 18319
Jun-90 1.04 0.74 8.29 2.00 5.23 3.94 0.48 1.43 2.03 3.76 0.57 3.20 2.68 0.55 1.13% 18336
Sep-90 0.99 0.70 7.95 1.92 5.01 3.93 0.46 1.44 2.04 3.45 0.48 2.97 2.57 0.52 0.34% 18352
Dec-90 0.97 0.69 7.86 1.90 4.96 3.96 0.45 1.44 2.07 3.35 0.46 2.89 2.54 0.52 0.13% 18405
Mar-91 1.04 0.74 8.45 2.04 5.33 4.00 0.49 1.46 2.05 3.86 0.58 3.28 2.73 0.55 1.19% 18069
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Appendix: Data Generated by the Calibrated Model for the New Zealand Economy
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Quarter z(t) TFP Y(t) YΠ(t) YR(t) C(t) CW(t) CM(t) CR(t) S(t) Sm(t) SR(t) W(t) r(t) gamma(t)
Jun-91 0.95 0.67 7.75 1.87 4.89 3.96 0.45 1.45 2.06 3.25 0.42 2.83 2.50 0.50 -0.24% 17914
Sep-91 0.97 0.69 7.95 1.92 5.01 3.98 0.46 1.46 2.07 3.41 0.46 2.94 2.57 0.52 0.14% 18003
Dec-91 0.99 0.70 8.08 1.95 5.10 4.05 0.46 1.46 2.13 3.46 0.49 2.97 2.61 0.52 0.36% 18143
Mar-92 1.12 0.80 9.20 2.22 5.80 4.13 0.53 1.50 2.10 4.42 0.73 3.70 2.97 0.59 2.29% 18206
Jun-92 0.96 0.68 8.02 1.94 5.06 4.04 0.46 1.49 2.09 3.42 0.44 2.97 2.59 0.51 -0.11% 18182
Sep-92 0.90 0.64 7.51 1.81 4.74 4.04 0.43 1.48 2.13 2.95 0.34 2.61 2.43 0.48 -0.98% 18070
Dec-92 1.06 0.75 8.77 2.12 5.53 4.09 0.50 1.50 2.09 4.06 0.62 3.44 2.83 0.56 1.35% 18297
Mar-93 0.89 0.63 7.50 1.81 4.73 4.05 0.43 1.48 2.13 2.93 0.33 2.60 2.42 0.47 -1.05% 18572
Jun-93 1.04 0.74 8.66 2.09 5.46 4.13 0.50 1.50 2.13 3.92 0.59 3.33 2.80 0.55 1.11% 18980
Sep-93 1.00 0.71 8.40 2.03 5.30 4.17 0.48 1.51 2.18 3.65 0.52 3.13 2.71 0.53 0.51% 19349
Dec-93 1.08 0.77 9.17 2.21 5.78 4.24 0.53 1.53 2.18 4.28 0.68 3.60 2.96 0.57 1.75% 19544
Mar-94 1.01 0.72 8.72 2.11 5.50 4.25 0.50 1.54 2.21 3.85 0.56 3.29 2.82 0.54 0.72% 19855
Jun-94 1.03 0.73 8.94 2.16 5.64 4.24 0.51 1.56 2.17 4.06 0.60 3.47 2.89 0.55 0.98% 20141
Sep-94 0.88 0.63 7.72 1.86 4.87 4.16 0.44 1.54 2.17 3.02 0.32 2.70 2.49 0.47 -1.19% 20381
Dec-94 0.93 0.66 8.06 1.95 5.08 4.20 0.46 1.53 2.20 3.30 0.41 2.89 2.60 0.49 -0.47% 20614
Mar-95 1.03 0.73 8.89 2.15 5.61 4.27 0.51 1.55 2.21 3.99 0.60 3.40 2.87 0.55 1.00% 20770
Jun-95 1.02 0.73 8.89 2.15 5.60 4.27 0.51 1.56 2.20 3.99 0.58 3.40 2.87 0.54 0.85% 21035
Sep-95 0.95 0.68 8.35 2.02 5.27 4.26 0.48 1.56 2.22 3.50 0.46 3.04 2.70 0.50 -0.17% 21130
Dec-95 1.00 0.71 8.77 2.12 5.53 4.30 0.50 1.57 2.22 3.86 0.55 3.31 2.83 0.53 0.56% 21269
Mar-96 0.98 0.70 8.65 2.09 5.46 4.30 0.50 1.57 2.23 3.74 0.52 3.22 2.79 0.52 0.27% 21511
Jun-96 0.98 0.70 8.67 2.09 5.47 4.33 0.50 1.58 2.25 3.74 0.52 3.22 2.80 0.52 0.28% 21651
Sep-96 1.02 0.72 9.00 2.17 5.68 4.38 0.52 1.59 2.28 3.99 0.59 3.40 2.91 0.54 0.78% 21820
Dec-96 1.04 0.74 9.30 2.25 5.87 4.42 0.53 1.61 2.28 4.23 0.64 3.59 3.01 0.55 1.16% 21923
Mar-97 0.99 0.70 8.94 2.16 5.64 4.42 0.51 1.61 2.29 3.89 0.55 3.35 2.89 0.53 0.40% 21868
Jun-97 0.99 0.70 8.95 2.16 5.65 4.45 0.51 1.62 2.31 3.88 0.54 3.33 2.89 0.52 0.36% 22252
Sep-97 1.02 0.72 9.29 2.24 5.86 4.49 0.53 1.63 2.33 4.14 0.61 3.53 3.00 0.54 0.84% 22287
Dec-97 1.01 0.72 9.26 2.24 5.84 4.51 0.53 1.64 2.33 4.10 0.59 3.51 2.99 0.54 0.68% 22318
Mar-98 0.98 0.70 9.09 2.19 5.73 4.49 0.52 1.65 2.32 3.96 0.54 3.42 2.93 0.52 0.30% 22099
Jun-98 0.92 0.66 8.56 2.07 5.40 4.45 0.49 1.64 2.32 3.51 0.43 3.08 2.77 0.49 -0.57% 22029
Sep-98 0.96 0.68 8.80 2.13 5.55 4.47 0.51 1.64 2.33 3.71 0.49 3.22 2.84 0.51 -0.11% 22151
Dec-98 0.99 0.70 9.07 2.19 5.72 4.48 0.52 1.64 2.31 3.95 0.55 3.40 2.93 0.52 0.32% 22260
Mar-99 0.94 0.67 8.68 2.10 5.48 4.47 0.50 1.64 2.33 3.61 0.46 3.15 2.80 0.50 -0.33% 22496
Jun-99 0.99 0.70 9.11 2.20 5.75 4.46 0.52 1.64 2.29 4.01 0.56 3.45 2.94 0.53 0.40% 22466
Sep-99 0.89 0.63 8.23 1.99 5.19 4.40 0.47 1.63 2.30 3.25 0.36 2.89 2.66 0.47 -1.05% 23043
Dec-99 0.94 0.67 8.62 2.08 5.43 4.42 0.50 1.62 2.31 3.59 0.46 3.13 2.78 0.50 -0.30% 23511
Mar-00 0.99 0.70 9.00 2.17 5.68 4.46 0.52 1.63 2.31 3.91 0.54 3.36 2.91 0.52 0.35% 23644
Jun-00 0.99 0.70 9.06 2.19 5.72 4.07 0.52 1.63 1.91 4.36 0.55 3.81 2.93 0.53 0.41% 23481
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