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Abstract

In 2008, the Utah Retirement System experienced a negative return
of almost 25 percent on its portfolio. This resulted in an underfunding of
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1 Introduction

In 2008, the Utah Retirement System (URS) experienced a negative return of nearly

25 percent on its portfolio. This resulted in a substantial underfunding of promised

benefits to future retirees. The funding ratio declined from 95 percent in 2007 to 87

percent in 2008 and stood at just over 82 percent as of Dec. 31, 2010.1

The Utah legislature responded to this shortfall by passing Senate Bill 63 (SB

63) during the 2010 legislative session. The law closed the current defined benefit

system for new employees after June 30, 2011.2 Employees hired after this date are

enrolled in either a hybrid plan that includes both a defined contributions component

and a small defined benefits component or a pure defined contribution plan that has

no defined benefits component. Employees under the old defined benefit program

are classified as Tier 1, and employees under either the new hybrid plan or the pure

defined contribution plan are classified as Tier 2. Defined benefit payout rates for

Tier 2 hybrid retirees are lower than those for Tier 1 retirees, but the Tier 2 hybrid

contribution rates are also lower.3 The reform as currently administered appears in

our analysis to only increase the solvency of the pension system over the medium-to-

long-term horizon.

As of Dec. 31, 2010, net assets for the defined benefits program in the noncon-

tributory system were $15.8 billion.4 Since 2008 the fund has been growing because

investment income has exceeded the shortfall between contributions and benefits pay-

ments. Our simulations show that prior to reform the pension fund would most likely

have become insolvent by 2030 and that the 2010 reforms have restored long-run

solvency under the most likely scenarios. However, we find that long-run solvency

is not guaranteed. A series of low returns could easily push the pension system into

1The funding ratio is defined as the ratio of the actuarial value of assets to the actuarial value of
liabilities. The end-of-year 2010 data is the most current available from Newman and Kellersberger
(2011).

2See Newman and Kellersberger (2011, p. 119).
3The contribution rate for Tier 1 employees is currently about 16 percent and about 7.5 percent

for Tier 2 hybrid employees.
4See Newman and Kellersberger (2011, p. 28). The noncontributory system covers most state

employees, educators, and many local government employees and accounts for the bulk of the state
retirement system’s participants. See Table 1.
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insolvency. Such a scenario has at least a ten percent probability of occurring.

The Utah Retirement System includes six different plans. In addition to the Non-

contributory Retirement System, on which this paper focuses, there are five other

plans: Contributory Retirement System, Public Safety Retirement System, Firefight-

ers Retirement System, Judges Retirement System, and Utah Governors and Legis-

lators Retirement Plan.5 Table 1 shows the distribution of employees across these

plans. Because the noncontributory system represents more than 85 percent of all

Utah workers covered by the state pension system, we focus our analyses solely on

the noncontributory system.

Table 1: Utah Retirement System Participation: 2010

Active Terminated
Plan Participants Vested Retirees Total

Noncontributory 92,392 31,834 36,139 160,365

Contributory 2,330 1,286 4,764 8,380

Public Saftey 7,624 2401 4,012 14,037

Firefighters 1,887 131 1149 3,167

Judges 109 6 115 230

Governors and Legislators 125 76 220 421

Total 104,467 35,734 46,399 186,600

Noncontributory Percentages 88.4% 89.1% 77.9% 85.9%

Questions arise as to how Utah’s pension reform will effect new and old workers.

Tier 1 workers under the old defined benefits system are guaranteed benefits according

to rules laid out by the retirement system. However, their employers are subject to

changes in the percent of their wages that they must contribute to the pension fund.

New workers appear to, on net, subsidize these benefits. On the other hand, they

now have greater control over how their retirement funds are invested and may make

trade-offs between expected return and risk. How this will affect their overall welfare

is not obvious.

It is also not obvious that the reforms have eliminated the fundamental riskiness

5The Noncontributory system includes most state and local employees as well as most teachers.
This portion of the system is called noncontributory because the employer pays all of the retirement
contributions. In the contributory system, the employer and the employee pay portions of the
retirement contributions. The other four systems have more significant differences in terms of tenure
requirements, contribution rates, and benefit levels.
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that lead to the need for reform in the first place. Even if the pension system were

expected, on average, to return to funding ratios in the neighborhood of 100 percent

in the long run, the fund would still be susceptible to unexpectedly large negative

returns. One of the issues we address in this paper is how likely such events are over

various time horizons.

The paper is organized as follows. Section 2 lays out the basics of the evolution of

employment and retirement by participants in the noncontributory pension system.

Section 3 describes the Tier 1 pre-reform defined benefits plan. Section 4 describes

how the 2011 reforms alter the assumptions from previous sections. Section 5 discusses

calibration of the model, and 6 details the results of our simulations. Section 7

concludes.

2 Employment and Retirement Dynamics

Our model of the pension system considers three types of individuals: 1) active

workers who are currently employed by state or local governments and who pay into

the pension system, 2) retirees who are no longer working and are collecting pension

benefits, and 3) terminated vested (hereafter TV) workers who no longer work for

state or local governments, but who have also not yet retired; they neither pay into

the system nor draw benefits from it.

We assume the earliest a worker may begin working is at age 16 and that all

retirees die by age 100. Let age be indexed by s = {16, 17, ...100} and job tenure be

indexed by u = {0, 1, ...}. Given a series of retirement rates by age rs, separation

rates by age and tenure qus, mortality rates by age ms, and rates of new hires by age

hs, we can derive transition dynamics for the numbers of individuals in each of these

categories. Let NA
u,s,t, N

R
v,u,s,t and NT

z,u,s,t denote the population of active workers,

retirees, and terminated vested workers, respectively, where the t subscript is for the

time period, v indexes the number of years being retired, and z indexes the number

of years since the vested employee terminated employment.
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2.1 Transition Equations for Active Workers

Let NA
use be the number of active currently employed workers of each type (age s and

tenure u) in period t. The number employed next period is the number employed

now minus adjustments for mortality, termination and retirement,

NA
u+1,s+1,t+1 = NA

ust(1−ms)(1− qus)(1− rs) (2.1)

where ms is the mortality rate for age-s individuals, qus is the separation rate for age-s

individuals with u years of service, and rs is the retirement rate fore age-s individuals.

We assume that the active work force grows at a time-specific growth rate, gt.

New hires (with tenure u = 0) next period take on whatever value is necessary to

make each age cohort grow at this same rate.

NA
0,s,t+1 =

∑
u

[
NA
ust(1 + gt)−NA

u−1,s−1,t−1(1−ms−1)(1− qu−1,s−1)(1− rs−1)
]

(2.2)

2.2 Transition Equations for Terminated Vested Workers

TV workers are former employees who will be eligible for state pension benefits when

they retire, but who have not yet chosen to retire. Most of these individuals will be

currently working for different employers. For current TV workers, the number aged

s and job tenure u who were terminated z periods ago updates as shown below with

adjustments for mortality and retirement.

NT
z+1,u,s+1,t+1 = NT

zust(1−ms)(1− rs) (2.3)

The number of new TV workers (z = 0) evolves according the separation rate rate

qus as a function of age s and tenure times the number of active workers.

NT
0,u+1,s+1,t+1 = NA

ustqus (2.4)
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2.3 Transition Equations for Retirees

For currently retired workers of age s who have u years of job tenure and have been

retired for v years, the number of retirees is the number last period less an adjustment

for mortality.

NR
v+1,u,s+1,t+1 = NR

v,u,s,t(1−ms) (2.5)

For new retirees, the population evolves according to the number of active and

terminated workers who retire in the current year.

NR
0,u,s+1,t+1 =

(
NA
ust +

∑
z

NT
zust

)
rs (2.6)

3 Model of the Tier 1 Defined Benefits System

3.1 Contributions

Contributions are made by active workers only. Each period their employers pay a

given percentage (τt) of their income into the pension system. The percentage is

adjusted periodically in a way that is intended to keep the pension fund fully funded

in the long run. For 2011, the value of τt is 16.86% for state employees and educators

and 13.77% for local government workers6.

Workers earn a wage that is a function of their age, tenure, and the time period

wust. We assume that the wage for each type of individual can be decomposed in

the following multiplicative form, where wt is the time component, as is the age

component, and δu is the job tenure component.

wust = wtasδu (3.1)

62011 contribution rates can be found in the “Condensed Retirement Contribution Rate Guide”
of the Utah Retirement System at www.urs.org/pdf/Miscellaneous/condensedRetirementRates.pdf.
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Total contirubitions into the pension system, Rt, are given by the following expression.

Rt =
∑
s

∑
u

τtwtasδuN
A
ust (3.2)

3.2 Benefits Payments

Benefits are paid only to current retirees and are based on the wages from the three

years of highest earnings7. By law, the full replacement rate (λu) is set as a linear

function of job tenure.

λu = min{0.02 u, 1} (3.3)

Retirees are eligible for the full replacement rate at any retirement age only if they

have a job tenure of 30 years or more. For fewer years of tenure the fraction of full

replacement received, θzvus, is a function of tenure u and age of retirement, sR (which

is a function of z, v, and s). These details are laid out in Newman and Kellersberger

(2011, p. 135).

θu,sR =



1 if u ≥ 30

θ1
sR

if 30 > u ≥ 25

θ2
sR

if 25 > u ≥ 20

θ3
sR

if 20 > u ≥ 10

θ4
sR

if 10 > u ≥ 4

0 otherwise

(3.4)

The fraction depends on age of retirement as follows.

θ1
sR

=



1 if sR ≥ 65

1− .03(65− sR) if 65 > sR ≥ 60

.85− .07(60− sR) if 60 > sR ≥ 47

0 otherwise

(3.5)

7This is referred to as the “Final Average Salary” (FAS).
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θ2
sR

=


1 if sR ≥ 65

1− .03(65− sR) if 65 > sR ≥ 60

0 otherwise

(3.6)

θ3
sR

=


1 if sR ≥ 65

1− .03(65− sR) if 65 > sR ≥ 62

0 otherwise

(3.7)

θ4
sR

=

1 if sR ≥ 65

0 otherwise
(3.8)

The total benefits payment is therefore given by (3.9)

Pt =
∑
s

∑
u

∑
v

BR
vustN

R
vust; BR

vust ≡ θu,s−vλuF
R
vust (3.9)

where FR
vust is the average of the three highest years of annual earnings for current

retirees (also called final average salary or FAS).

This means the pension fund balance, Bt evolves according to (3.10).

Bt+1 = (1 + it+1)Bt +Rt − Pt (3.10)

where it+1 is the return on the pension portfolio between periods t and t+ 1.

4 Pension Reform

The Utah pension system was reformed in 2010. Starting in mid-2011 all new em-

ployees participate in a hybrid plan with two options. Employers contribute a total

of 10 percent of an employee’s salary to a retirement plan option of the employee’s

choice. The first option includes a defined benefits plan that is less generous than the

pre-reform plan and a defined contributions portion that claims any funds left over.

Currently employers deposit 7.59% to the Tier 2 hybrid defined benefits plan and
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2.41% to a 401(k) defined contributions fund. We denote the pension contribution

rate under the hybrid system as τht . Benefits under the new system are based on a

FAS that is the average of the highest five years of salary. The second option is to

have all of the 10 percent put into the 401(k) fund.

The hybrid option differs from the old plan in the following respects. The FAS

is a five-year average, rather than a 3-year average. The benefits rate accumulates

at 1.5% per year of job tenure, rather than 2.0%. Thirty-five years of job tenure are

required to retire early without a penalty, rather than thirty years. And the cost of

living adjustment is capped at 2.0%, rather than 4.0%.

We alter equation (3.3) and (3.4) to (4.1) and (4.2) for participants in the new

pension program.

λhu = min{0.0150.0150.015 u, 1} (4.1)

θhu,sR =



1 if u ≥ 30

θ1
sR

if 353535 > u ≥ 25

θ2
sR

if 25 > u ≥ 20

θ3
sR

if 20 > u ≥ 10

θ4
sR

if 10 > u ≥ 4

0 otherwise

(4.2)

For various cohorts of active workers, we can classify their program participation

with the following binary indicator variables.

dAust =

1 if t− u > T defined benefits plan

0 otherwise defined contribution plan
(4.3)

where T = 2012 is the year the reform was fully implemented.

A similar classification for retirees is given by (4.4).

dRvust =

1 if t− u− v > T defined benefits plan

0 otherwise defined contribution plan
(4.4)
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Equation (3.2) can be rewritten such that workers hired in 2011 or later contribute

to the defined benefits fund, but draw no benefits. It depends on the number of Tier

2 employees who choose the hybrid program over the defined contributions program.

We denote this percentage (chosen by new workers in period t) as φt.

Rt =
∑
s

∑
u

wtasduN
A
ust[d

A
ustτt + (1− dAust)φt−uτht ] (4.5)

To track benefits, we need the final average salary. This requires we keep track of

the three highest annual salaries for active workers. However, once workers retire or

are terminated we can average these three numbers to get final average salary (FAS)

and keep track of this single number. Updating for these three numbers follows the

dynamics of employment given in equations (2.1) and (2.2). Letting i index the three

highest salaries FA
iust gives these salaries for all individual types in all periods.

For new hires we have (4.6).

FA
0st =

[
wtasδ0 0 0 0 0

]
(4.6)

More generally we will have non-zero values for the elements in FA
0st for job tenures

greater than zero.

FA
ust =

[
FA

1ust FA
2ust FA

3ust FA
4ust FA

5ust

]
(4.7)

Updating over time is given by (4.8).

FA
u+1,s+1,t+1 =



[
wtasδu FA

1ust ... FA
4ust

]
if wtasδu ≥ FA

1ust[
FA

1ust wtasδu ... FA
2ust

]
if FA

1ust > wtasδu ≥ FA
2ust

...
...[

FA
1ust FA

2ust ... wtasδu

]
if FA

4ust > wtasδu ≥ FA
5ust[

FA
1ust FA

2ust ... FA
5ust

]
otherwise

(4.8)

Once a worker is terminated, his FAS can be calculated according to (4.9) with

9



the number of years of averaging (nust) depending the tier to which the employee

belongs. This, in turn, depends on the year the employee began working.

F T
0us,t+1 =

∑
nust

1

nust
FA
nust,ust; nust ∈ {3, 5} (4.9)

F T updates over time according to (4.10).

F T
z+1,u,s+1,t+1 = F T

zust (4.10)

For newly retired workers, we must average over those who retire directly from

active worker status, and for those who retire from terminated vested status we must

include all possible years since termination. We must also determine which tier applies

to each employee. Once we know this, we can calculate each employee’s benefits and

keep track of the average for each cohort of age (s), job tenure (u), and years of

retirement (v). For new retirees this is given by (4.11).

BR
0,u+1,s+1,t+1 =

∑
nust

1
nust

FA
nust,ustΘ

A
ustN

A
ust +

∑
z>0 F

T
z,u+1,stΘ

T
z,u+1,stN

T
z,u+1,st

NA
ust +

∑
z>0N

T
z,u+1,st

(4.11)

ΘA
ust ≡

 θusλu if t− u > T

φt−uθ
h
usλ

h
u otherwise

= dAustθusλu + (1− dAust)φt−uθhusλhu (4.12)

ΘT
zust ≡

 θusλu if t− u− z > T

φt−u−zθ
h
usλ

h
u otherwise

= dTzustθusλu+(1−dTzust)φt−u−zθhusλhu (4.13)

BR updates over time according to (4.14).

BR
v+1,u,s+1,t+1 = BR

vust[1 +min(πt, π̄vust)] (4.14)

5 Calibration

We seek to accurately calibrate the mortality rates, retirement rates, separation rates,

and hiring rates referenced in section 3. We do so by copying the actuarial assump-

10



tions made in Newman and Kellersberger (2011). For recent years the assumptions

on separation and retirement rates have not changed from year to year and we will

calibrate only one set of values for each of these. We calibrate mortality rates using

the most recent U.S. mortality data reported in Murphy, Xu, and Kochanek (2012,

Table 1, p. 33).

5.1 Retirement Rates

Figure 1: Retirement Rates by Age
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Actuarial assumptions on retirement rates are given by gender and employer type

(education, state or local). We take a weighted average of these assuming that 20%

of employees are employed by local governments. We base this on observations of the

allocation of pension funds and pension fund balances for local employees. We use

the Statistical Abstract of the United States8 to deduce that 18.42% of the remaining

workers are state employees and the rest are educators. We further calculate that

approximately 24.8% of educators are male and 54.2% of state and local employees

are male. This allows us to take the data from Newman and Kellersberger (2011,

p. 123) and get a retirement rate for ages 55 to 70 across all employee types. The

incentives built into the retirement guarantee that no worker will retire prior to age

8Table 465. State and Local Government Full-Time Equivalent Employment, by Selected Func-
tion and State: 2009
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48. We assume zero retirement rates for all ages below 48. We also assume that

retirement rates for age 70 and beyond are 100 percent. For ages 48 to 54 we linearly

interpolate the rates using zero and 0.30829 (the age 55 value) as the endpoints. The

resulting retirement rates are plotted in Figure 1.

5.2 Separation Rates

We fit the actuarial assumptions for separation rates which are disaggregated by

gender and by employer type (education, state or local).9 We take a weighted average

using the same assumptions as above.

Figure 2: Separation Rates by Age
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The actuarial assumptions give us the rates for workers in their first year of work

and those in their sixth year of work and beyond. We assume the average tenure

for these workers is 10. We fit both of these with a 4th-order polynomial. We

then generate separation rates for all ages (between 16 and 100) based upon these

polynomials. For tenures 0 through 10, we linearly interpolate between the two fitted

series. For tenures higher than 10, we use the same values as u = 10. Whenever any

of these values are negative, we censor them and set them equal to zero. Finally, since

it makes no sense to have tenure greater than the age of the worker, we set all such

9See Newman and Kellersberger (2011, p. 124)
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separation rates to zero.10 This gives us a reasonably well-fitted separation function

for all ages and separation rates as illustrated in Figure 2.

5.3 Mortality Rates

We use the most recent U.S. mortality data reported in Murphy, Xu, and Kochanek

(2012, Table 1, p. 33) to estimate a second-order polynomial for the log of mortality

rates by age. The fitted rates are shown in Figure 3.

Figure 3: Mortality Rates by Age
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5.4 Tenure Profiles of Wages

Newman and Kellersberger (2011, p. 125) lays out the tenure contribution to wages

by employee type. We average across types as above and fit the wage index this

implies with a third-order polynomial. It is assumed that there is no age contribution

to wages other than that attributable to tenure.

5.5 Stochastic Processes

We estimate a VAR(1) on four time series: 1) growth rates of state employment

for Utah using data from the Federal Reserve System’s database archive, 2) percent

10This is an arbitrary choice since there will be no density for workers in these bins anyway.
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Figure 4: Average Wage Growth by Job Tenure
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return on the state pension fund, 3) growth of wages, and 4) the CPI inflation rate.

xt = (I4 − ρ)x̄+ ρxt−1 + εt; εt ∼ iid(0,Σ) (5.1)

where xt ≡ [get it gwt gpt], ρ is a 4×4 matrix, εt is a 1×4 vector and Σ is a 4×4

symmetric matrix of variances and covariances. Our estimates are given in table 2.

Table 2: Estimated Parameters for Stochastic Processes

x̄ ρ Σ
1.8899
9.0437
3.6032
2.6495




0.3107 0.0185 0.1492 0.1633
0.4442 −0.0749 −1.0340 −3.1666
0.0077 0.0380 0.2265 1.1601
−4.1646 .0367 .0454 .1805




0.4935 −3.5775 0.3182 0.0860
−3.5775 150.5894 2.7524 −2.3153
0.3182 2.7524 2.1466 −0.1090
0.0860 −2.3153 −0.1090 0.6209


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Figure 5: Data on Stochastic Processes
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5.6 Initial Distributions of the Number of Plan Participants

For our simulation we need a starting distribution of workers and retirees. In addition,

in order to deduce hiring rates, we need yearly distributions of active workers. The

statistical section of the detailed report each year gives some relevant data. We fit

this data for both workers and retirees with fifth-order exponential polynomials.

Figures 6 and 7 plot the fitted distributions of active workers and retirees, respec-

tively, for the years 2006 through 2010.

Figure 6: Fitted Number of Active Workers by Age,
2006 – 2010

0

500

1000

1500

2000

2500

3000

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 10
0

nu
m
be

r o
f a

ct
ive

 w
or
ke
rs

age

2010

2009

2008

2007

2006

15



Figure 7: Fitted Number of Retirees by Age, 2006 –
2010
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To simulate, we first need to calculate initial distributions of active workers, ter-

minated vested workers, and retirees over ages, tenure, years since terminated and

years retired. Newman and Kellersberger (2011) describes the initial population dis-

tributions over age s. But we need to extend these distributions across tenure u for

active workers, over tenure u and years since termination z for terminated vested

workers, and over tenure u and years retired v for retirees. To get these distributions

we simulate the dynamics implied by equations (2.1) through (2.6).The exact details

of this calibration are laid out more fully in Technical Appendix T-1. The resulting

distributions over age and tenure are plotted in Figure 8.

We adjust the distribution of retirees in a similar way to exactly match the average

tenure of 22.0 years in the 2010 data.

5.7 Initial Distributions for Final Average Salaries

To populate the FAS and benefits histories (FA
ius0, F

T
zus0 and BR

vus0) we need to use the

schedule of tenure contribution to wages (δu) and indices of past aggregate wages. We

can then work our way backward in time to deduce the three highest annual salaries

for current participants.

For currently active workers we do this by searching over the time series, {wtδuas,
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Figure 8: Initial Distributions over Age and Job Tenure
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wt−1δu−1as−1, ... , wt−uδ0as−u} and selecting the three highest values to be placed in

FA
ust. For current terminated vested workers we search over {wt−zδuas−z, wt−z−1δu−1as−z−1,

... , wt−z−uδ0as−z−u} and place the average of the three highest values in F T
zust.

Conceptually, for retirees we should search over {wt−z−vδuas−z−v, wt−z−v−1δu−1as−z−v−1,

... , wt−z−v−uδ0as−z−v−u}, where v indexes years since retirement and z indexes years

spent as a terminated vested worker prior to retirement. We do not have this data

for retirees, but we do have it for terminated vested workers who have identical FAS

values along the z dimension to their retired counterparts. Hence, we can recover the

FAS values for retirees by averaging across the values for terminated vested work-

ers. We then calculate the benefits levels and average over z as needed. We give a

mathematical formula in equation (5.2).

BR
vus0 =

∑
z N

T
v+z,u,s,0θu,t−u−zλuF

T
v+z,u,s,0∑

z N
T
v+z,u,s,0

(5.2)

17



Figure 9: Initial Distributions over Age and Job Tenure
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6 Simulation

6.1 Simulation Adjustments

The model can be simulated by interative use of equations: (2.1) – (2.6), (4.5),

(3.9), (3.10), (4.6) – (4.13), and (5.1). The variables that we track over time are:

NA
ust, N

T
zust, N

R
vust, F

A
iust, F

T
zust, F

R
vust, Pt, Rt, Bt, get, gwt, it, wt, ηt, τt and τht .

We simulate a baseline scenario starting from the initial distributions described in

sections 5.6 and 5.7 and illustrated in figures 8 and 9. We identify the starting values

for x0 ≡ [ge0 i0 gw0 π0] from our estimation of equation (5.1).

We can simulate a single run for the system that shows the most likely future

path. To do this we simulate as described above in our discussion of the funding

ratio. We start at the current values of variables and run forward with all stochastic

shocks set to zero.

While this may be the most likely path, it is not a good representation of the

myriad possibilities the future holds. To better illustrate the degree of uncertainty

associated with this benchmark simulation we conduct a large number of Monte Carlo

simulations. We generate 1,000 time series of random draws for the εt shocks in (5.1)

and simulate the model accordingly. For each simulation we record the value of key

variables at each point in time. When we are done we can sort these values at each
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point in time over the 1,000 Monte Carlo simulations. This gives us a good feel for the

distribution of possible future outcomes. We summarize this information by including

confidence bands at the 10th percentile and 90th percentile in our time-series plots.

The area between these lines is where the model tends to be 80 percent of the time.

Wide bands indicate a great deal of uncertainty, while narrow ones indicate the time

paths are much more certain.

Our baseline model begins at the end of 2009 and we therefore have one year of

observed data we can use to further calibrate the model. We do this by rewriting

(3.10) as (6.1) where the values αR and αP are time-invariant factors of proportion-

ality. We choose these values to exactly match the actual contributions and benefits

payments in 2010. These α factors control for complexities of the pension system

that our relatively simple model does not match. Because we assume that these ad-

justment factors are not constant over time, we phase them out linearly to one over a

number of years. We simulate from 2010 on with the observed values from the data

on our stochastic variables for 2010 and with simulated stochastic shocks from our

VAR regression from 2011 on. Hence, there is never any variation in 2010 values in

any of our simulations. Randomness is introduced only in years 2011 and beyond.

Bt+1 = (1 + it)Bt + αRRt − αPPt (6.1)

where it is the return on the pension portfolio.

Simulation of the model above results in odd behavior for the number of retirees

and workers. We trace this behavior to an inconsistency between the levels of the

assumed retirement rates and the distribution of retirees by age. The assumed retire-

ment rates generate a short run increase in the number of retirees that is simply too

large. For example, the number of retirees between the end of 2010 and the end of

2011 is predicted to have risen by over 40 percent by the simulation. Similarly large

increases in TV workers are forecast by the simulation due to a mismatch between

separation rates and the observed number of TV workers. To address this problem we

assume that the age profiles of retirement rates and separation rates are correct, but
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that the levels need to be scaled up or down to be consistent with expected behavior.

Accordingly we adjust retirement rates down by a factor of 80 percent and separation

rates down by a factor of 67 percent. These are large adjustments, but they generate

much more reasonable behavior for the numbers of retirees and TV workers over the

short run. We are uncomfortable, however, with leaving these adjustment and the

adjustments to contributions and benefits in equation (6.1) in place in the long run.

Accordingly, we phase these adjustments out over a three year period so that by year

2014 in our simulations we are using the URS actuarial assumptions for retirement

and separation rates and making no adjustment to the level of benefits payments

or pension contributions. With these adjustments, the number of retirees grows less

rapidly that without the adjustment, but still much more quickly than it has in recent

years. Table 3 shows the percent changes for all categories.

Finally, we find we must adjust the average value of pension portfolio returns

downward by four percentage points in order to roughly match the funding ratios

reported for 2010 prior to pension reform. This adjustment is ad hoc, but it does

allow our model to more accurately mimic the expected behavior of the system prior

to reform.

Table 3: Percent Per Annum Changes in Numbers of Work-
ers and Retirees

Active Terminated
years Participants Vested Retirees

Actual 2000 – 2010 1.23% 6.44% 7.37%

Predicted (mean) 2010 – 2020 1.63% 11.57% 18.67%

6.2 Baseline Simulation

Our baseline model that we simulate is the projected balance of the noncontributory

pension fund after the reform that went into effect after 2011. We perform 1,000

Monte Carlo simulations of our model economy under the reform assumptions. The

results are plotted in Figure 10. It shows that while the pension fund is on a long-

run trajectory toward full funding, there are significant shortfalls to be expected in
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the short-run. The mean and median values of the pension fund both indicate that

the pension fund is expected to remain solvent into the foreseeable future. It’s value

should fall, on average, to a low of just under 6 billion dollars in 2033 and then begin

to rise again. There is a great deal of uncertainty about this forecast, however. The

tenth percentile confidence band becomes negative in 2024, indicating there is a 10-

percent chance of fund insolvency by that year and beyond. It is straightforward to

calculate a funding ratio for these simulations using the average values of benefits,

contributions and interest income. The most commonly used formula for a funding

ratio is given by equation (6.2).

f1 =

∑T
t=0

(
1

1+ī

)t
(ct + et)∑T

t=0

(
1

1+ī

)t
bt

(6.2)

where ī is the long run discount rate, ct is total pension contributions in period t, et

is net total interest earnings on the pension fund, and bt is total retirement benefits.

With T = 48, which is using all the periods in our simulations, we have a funding

ratio of 90.2%. Using a 25-year horizon, the ratio is 76.7%. Both measures indicate

that the Utah State pension fund is underfunded even under the current post-reform

regime. Comparing the results of the simulations with the calculation of the funded

ratio shows that a funding ratio less than one does not necessarily indicate expected

insolvency.

Another way to calculate a funding ratio is to simply include the value of the fund

today in place of the expected net present value of earnings.

f2 =

(∑T
t=0

(
1

1+ī

)t
ct

)
+B0∑T

t=0

(
1

1+ī

)t
bt

(6.3)

where B0 is current period value of the pension fund balance. Using this metric, the

funding ratio is 121.6% with a 48-year horizon and 111.7% for a 25-year horizon. This

measure of the funding ratio more accurately reflects the behavior of our simulations

where the average value of the fund balance is not expected to fall below zero.
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Figure 10: Pension Fund Over Time Under Current Rules:
(2010 – 2059) 1,000 simulations
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6.3 No Reform Scenario

For comparison purposes we also simulate the system under the counterfactual sce-

nario where no reform is implemented and all future employees are treated in the

same manner as current Tier 1 employees. Again we perform 1,000 Monte Carlo

simulations and report the means, medians and confidence bands in Figure 11. The

scenario here shows a more dire situation where the most likely case is that the trust

fund would have become insolvent. This outcome has at least a fifty percent proba-

bility of occurring by 2028. However, as with the reform case, there is a great deal of

uncertainty and there is at least a ten percent chance that the fund would not have

gone insolvent under the old system. Funding ratios for the no reform case are 70.2%

and 64.3% for the 48 and 25-year horizons with the traditional funding ratio. With

our alternative ratio the numbers are 105.8% and 96.9%, respectively.
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Figure 11: Pension Fund Over Time without Reform: (2010
– 2059) 1,000 simulations
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Figure 12: Pension Fund Over Time with and without Re-
form: (2010 – 2059) 1,000 simulations
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Finally, we plot both scenarios on the same graph in figure 12 for easy comparison

of the two scenarios. The bottom line from our two scenarios is that reform has

decreased the probability of insolvency, but has not eliminated it. This is mostly

due to the large volatility of the interest income generated by the pension fund.

Indeed, the year-to-year fluctuations in the return on the pension fund portfolio are

large enough to dominate the effects of reform. Put another way, a series of two

or three years of moderately bad shocks could easily push the pension fund into

insolvency in the next fifteen to twenty years. We add a note of caution to our

analysis. All the simulations we report assume that the contribution rates for Tier

1 and Tier 2 employees remain constant at the values put in place in the middle of

2011. The managers of the URS funds have a mandate to adjust these rates as needed

to assure a well-funded pension system. If a series of negative shocks were to occur,

the contribution rates would rise and the pension fund is very unlikely to actually

become insolvent. Modeling exactly how these contribution rates will rise or fall over

time is an issue we will address in later versions of this paper, however.

7 Conclusion

This paper has simulated a model of the Utah State pension system with stochastic

shocks to employment growth, wage growth, inflation, and portfolio returns. Our

calibration of these shocks is based on observed behavior over the past two decades.

Our results are based on initial distributions for workers and their final average salaries

over age, job tenure, and years since retirement or termination that are as accurate as

possible given the publicly available data. They are also based on short-run simulation

adjustments that reconcile inconsistencies between short-run behavior and long-run

retirement and separation rates.

We find that the 2010 pension reform decreased the likelihood that the pension

system will become insolvent over the next two decades. However, we also find a great

deal of uncertainty exists and that it can be traced to the high-return, high-variance

behavior of pension fund portfolio returns. We find that even with pension reform
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there is still at least a ten percent chance the fund will become insolvent in the next

few decades. Our simulations show smaller chances of insolvency beyond 2035. The

short run risks of insolvency we find are the result of demographic behavior related to

increased retirements over the next several years and not to a fundamental long-run

imbalance between contributions and benefits.

7.1 Areas for Further Research

Our current results are preliminary. One important way to improve the model would

be to calibrate it better using more accurate data on the initial distributions of active

workers, TV workers and retirees. We are fairly confident in the age distributions,

but are on less solid ground when it comes to job tenure, time since termination, and

time since retirement.

We would also like to incorporate the responses of URS pension managers to

unexpected shocks. When the pension jumps toward insolvency, the managers raise

the contribution rates. We plan to model this behavior much the way monetary policy

is modelled in macroeconomic models via a pension version of a Taylor rule. In our

case the contribution rate would respond to current and potentially lagged values of

the funding ratio, the return on the pension fund, the absolute change in the size of

the fund and other observables that signal the health of the pension system. Having

a realistic feedback mechanism of this sort would go a long way toward making the

forecasts from the model more accurate.

Finally, we would like to incorporate more detail about the pension system. For

example, there is a non-negligible death benefit that we could incorporate into our

model. In addition, newly terminated workers who are not vested are allowed a refund

of some of their pension contributions. However, while these last modeling details

will improve the accuracy of the model’s predictions, they are unlikely to overturn

any of the qualitative results of this version of the paper.
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TECHNICAL APPENDIX

T-1 How Initial Distributions of Numbers of Par-

ticipants are Calibrated

Let the initial year be denoted with a τ . This will be 2010 when we simulate.
We have age distributions for active workers and retirees, NA

sτandN
R
sτ , by age fitted

from data in the URS 2010 detailed report. We need to extend these distributions
over job tenure and time since retirement. We also need a distribution for TV workers.

We first need a distribution for active workers over age and tenure, NA
usτ . We gen-

erate this by matching the URS age distribution with job tenure data for all workers
in the U.S. from Copeland (2010, figure 8, p. 7). We find that this does not generate
sufficiently large values for the average tenure of active workers. To adjust we fit the
job tenure data with a 3rd-order polynomial and then spread this distribution out
over larger numbers for tenure to match the number reported by the URS. For young
ages especially, this requires that we remove mass from the distribution for impos-
sible combinations of job tenure and age. We remove this mass, but redistribute it
proportionally over allowable job tenure values for the same age, thus preserving the
overall age structure of the distribution.

For the distribution of TV workers over time since termination, tenure and age,
NA
usτ , we have no data to help with the calibration, so we base the distribution entirely

on the dynamic equations (2.4) and (2.3). We assume that the distributions in 2010
are very close to those in 2009. This amounts to a steady state assumption for 2010.

We can rewrite (2.4) as (T.1.1).

NT
0usτ = NA

u−1,s−1,τqu−1,s−1 (T.1.1)

This allows us to generate all the NT values for initial TV workers from the known
distribution of active workers.

To fill in the rest of the distribution we use equation (2.3) rewrttin as (T.1.1).

NT
zusτ = NT

z−1,u−1,s−1,τ (1−ms−1)(1− rs−1) (T.1.2)

We then scale these values so that the sum over the distribution matches the ac-
tual number of TV worker reported for 2010.

For the distribution of retirees over time since retirement, tenure and age, we
already have the age distribution, again from the 2010 detailed report. We denote
this as ÑR

sτ and take it as a starting point. We expand this distribution over tenure
by assuming that there is an independent distribution, Φu for u as shown below.

ÑR
usτ = ÑR

sτΦ
u(θu) (T.1.3)

We pick the parameter values θu so that the average tenure matches the reported
value of 22.0 years for new retirees in 2010.
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To extend over years since retirement, v, we use equations (2.6) and (2.5). We
proceed exactly as with NT above.

NR
0usτ = rs−1

(
NA
u−1,s−1,τ +

∑
z

NT
z,u,s−1,τ

)
rs (T.1.4)

NR
vusτ = NR

z−1,u,s−1,τ (1−ms−1) (T.1.5)

This gives us a distribution over z, u and s. We adjust this by scaling each row
along the z dimension so that they add up the the values in ÑR.
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