
BOSTON   |   ATLANTA   |   CHARLOTTE   |   CHICAGO   |   DETROIT   |   LAS VEGAS   |   PORTLAND  |   SAN FRANCISCO

EMPLOYEES’ RETIREMENT 
SYSTEM OF RHODE ISLAND

ASSET/LIABILITY STRESS TESTING

August 22, 2018

Mark Cintolo, CFA, CAIA, Senior Research Consultant, Asset Allocation
Robert Goldthorpe, ASA, Senior Research Analyst



Asset-Liability Overview 1

Deterministic Projections 2

Scenario Analysis 3

Stochastic Analysis 4

Appendix 5

Tab

TABLE OF CONTENTS

2



NEPC, LLC

ASSET-LIABILITY 
OVERVIEW



Background Goals for the Plan

Asset-Liability Profile

• Extracts insights from the expected progression of 
assets and liabilities, including funded ratio, benefit 
payments and contribution rate

• Identifies any unique goals/constraints that should 
inform current and future asset allocation decisions

• Understand connection between funding policy and 
the expected timing of achieving full funding

• See where the plan is headed under current 
assumptions

Analysis shown on slides 10-15

Scenario Analysis

• Evaluates impact of regime changes and historical 
events on funded ratio and contribution rate

• Recognizes environmental biases of each asset 
class within the portfolio

• Focuses on low-probability, high severity economic 
environments (tail risks)

• Provide a perspective on the impact extreme market 
events may have on funded ratio and contribution 
rates

Analysis shown on slides 17-20

Stochastic Analysis

• Translates possible return paths into funded ratio 
and contribution rate paths

• Associates probabilities to possible funded ratio and 
contribution rate outcomes

• Compare expected results with optimistic and 
pessimistic results

• Understand the value-at-risk with regard to funded 
ratio and contribution rate

Analysis shown on slides 22-23

4

ASSET-LIABILITY OVERVIEW



HISTORICAL REVIEW – STATE EMPLOYEES

5

Source: GRS

Investment 
Return 
Assumption

8.25% 7.50% 7.00%



HISTORICAL REVIEW – TEACHERS

6

Source: GRS

Investment 
Return 
Assumption

8.25% 7.50% 7.00%



• Estimated 8.0% return vs. 7.0% expected return for FY2018
– Investment gain has muted effect on funded ratio due to smoothing method

• Contribution rate faces headwind due to phase-in of 2016 
assumption changes

– Investment return assumption reduced from 7.5% to 7.0%
– Updated mortality and other demographic assumptions

• Funded ratio had been stable since 2011 until investment return 
assumption was decreased this past year

– Resulted in a 3% decrease in funded ratio for both plans as of June 30, 2017

PLAN OVERVIEW
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$’s in millions

June 30, 2017
Valuation Results

June 30, 2018
NEPC Estimate

State 
Employees Teachers State 

Employees Teachers

Market Value of Assets (MVA) $2,426 $3,696 $2,495 $3,778 

Actuarial Value of Assets (AVA) $2,486 $3,778 $2,518 $3,808 

Actuarial Accrued Liability (AAL) $4,698 $6,894 $4,757 $6,961 

Unfunded Actuarial Accrued Liability (UAAL) $2,213 $3,116 $2,239 $3,153 

Funded Ratio 52.9% 54.8% 52.9% 54.7%

Contribution Rate as % of Payroll 24.87% 23.13% 25.75% 23.51%



PLAN OVERVIEW – ASSET ALLOCATION
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• Current Target is a well 
diversified portfolio that 
meets the funding goals of 
the plan

• Current Target allocation is 
expected to produce an 
average return of 7.4% over 
the next 30 years

– Exceeds the actuarial rate of 
return of 7.00%

• Due to current capital market 
headwinds, returns are 
expected to average 6.3% 
over the next 5-7 years

Target
Allocation

5-7 Year 
Return 

Assumption

30 Year 
Return 

Assumption
US Equities 20.8% 5.4% 7.6%
Int'l Equities 14.4% 7.5% 7.7%
Emerging Int'l Equities 4.8% 9.0% 9.2%
Total Equity 40.0%
Private Equity 11.3% 8.0% 9.5%
Non-Core Real Estate 2.3% 7.0% 7.5%
Opp. Private Credit 1.5% 5.2% 6.3%
Private Growth 15.1%
HY Infrastructure 1.0% 7.3% 7.5%
REITs 1.0% 6.5% 6.8%
Liquid Credit 2.8% 4.1% 5.5%
Private Credit 3.2% 6.5% 7.5%
Income 8.0%
Treasury Duration 4.0% 2.0% 3.5%
Systematic Trend 4.0% 6.2% 6.3%
CPC 8.0%
Core Real Estate 3.6% 5.7% 6.5%
Private Infrastructure 2.4% 6.0% 6.3%
TIPS 1.0% 3.3% 3.8%
Natural Resources 1.0% 4.8% 5.5%
Inflation Protection 8.0%
Investment Grade Fixed 11.5% 2.7% 3.8%
Abs. Return 6.5% 5.8% 6.3%
Cash 3.0% 2.0% 2.7%
Vol. Protection 21.0%

Short-Term Tactical 0.0% 2.3% 3.0%

Expected Return 6.3% 7.4%
Standard Deviation 11.7% 11.7%
Sharpe Ratio 0.37 0.40



NEPC, LLC

DETERMINISTIC 
PROJECTIONS 



MEDIUM-TERM – STATE EMPLOYEES
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+1% sensitivity

−1% sensitivity

+1% sensitivity

−1% sensitivity

Using NEPC’s 5-7 year Expected Return Assumption of 6.3%



MEDIUM-TERM – STATE EMPLOYEES
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• Funded ratio is projected to increase from 53% to 61% over the 
medium-term

• Contribution rates are projected to increase from 26% to 30% of payroll
– Increase due to phase-in of loss due to 2016 assumption changes
– Once fully recognized, contribution rates are expected to level off beginning in FY 2024

• Contributions are expected to increase faster than benefit payments, 
improving net cash flow from -5% to -2% of assets
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MEDIUM-TERM – TEACHERS

+1% sensitivity

−1% sensitivity

+1% sensitivity

−1% sensitivity

Using NEPC’s 5-7 year Expected Return Assumption of 6.3%



MEDIUM-TERM – TEACHERS
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• Funded ratio is projected to increase from 55% to 61% over the 
medium-term

• Contribution rates are projected to increase from 24% to 28% of payroll
– Increase due to phase-in of loss due to 2016 assumption changes
– Once fully recognized, contribution rates are expected to level off beginning in FY 2024

• Contributions are expected to increase faster than benefit payments, 
improving net cash flow from -5% to -3% of assets



LONG-TERM – STATE EMPLOYEES
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+1% sensitivity

−1% sensitivity

+1% sensitivity

−1% sensitivity

Using NEPC’s 30 year Expected Return Assumption of 7.4%
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LONG-TERM – TEACHERS

+1% sensitivity

−1% sensitivity

+1% sensitivity

−1% sensitivity

Using NEPC’s 30 year Expected Return Assumption of 7.4%



NEPC, LLC

SCENARIO 
ANALYSIS



• NEPC Scenario Analysis tests the impact of regime changes and 
historical events on funded ratio and contribution rates

– Allows for a better understanding of risk exposures under contrasting inflation and 
economic growth regimes (non-consensus forecasts), and under past historical events 
that have shook markets

SCENARIO ANALYSIS: REGIME CHANGES

Base
Case

EXPANSION

RECESSION

OVEREXTENSION

STAGFLATION

Higher 
Growth
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Global Equities = +33.2%
US 10 yr. Treasury = +10.1%
US High Yield = +18.3%
Commodities = +14.0%
Portfolio Return = +25.1%

Global Equities = -35.8%
US 10 yr. Treasury = +29.2%
US High Yield = -15.7%
Commodities = -2.9%
Portfolio Return = -19.5%

Global Equities = +35.0%
US 10 yr. Treasury = -15.4%
US High Yield = -4.4%
Commodities = +38.0%
Portfolio Return = +22.6%

Global Equities = -31.3%
US 10 yr. Treasury = -15.8%
US High Yield = -15.8%
Commodities = +6.7%
Portfolio Return = -22.5%

Lower 
Growth

Higher 
Inflation

Lower 
Inflation

See Appendix for detailed return assumptions for each scenario.



• NEPC Scenario Analysis tests the impact of regime changes and 
historical events on funded ratio and contribution rates

– Allows for a better understanding of risk exposures under contrasting inflation and 
economic growth regimes (non-consensus forecasts), and under past historical events 
that have shook markets

SCENARIO ANALYSIS: HISTORICAL EVENTS

18

Historical Events Assumptions

Historical Event Start End

Asian Financial Crisis Jul-1997 Oct-1998

Black Monday Oct-1987 Oct-1987

Bursting of Dot-Com Bubble Mar-2000 Sep-2001

Global Financial Crisis Jul-2007 Mar-2009

Japanese Asset Bubble Collapse Dec-1989 Oct-1990

Taper Tantrum May-2013 Jul-2013

USA Savings and Loan Crisis Jan-1987 Jan-1988

Global 
Equities

US 10 Yr.
Treasury

US
High Yield Commodities Portfolio

-1.4% 22.2% 3.6% -26.3% 4.7%

-18.0% 8.7% 3.8% -1.8% -8.0%

-39.9% 17.0% 1.0% 5.5% -13.6%

-57.3% 23.2% -27.7% -34.7% -30.5%

-17.1% 1.6% -8.0% 34.9% -6.6%

-4.1% -3.8% -3.8% -2.2% -2.2%

1.4% -0.4% 0.8% 55.6% 2.4%

Historical returns are assumed to occur over a one year period. See Appendix for detailed return assumptions for each scenario.



REGIME CHANGE
Change in Funded Ratio

Change in Contribution Rate
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HISTORICAL EVENTS
Change in Funded Ratio

Change in Contribution Rate

20

Above changes reflect assumption that historical scenario returns occur over a one year period.



NEPC, LLC

STOCHASTIC 
ANALYSIS



• 95th percentile
– Exceeded by only 5% of forecasts
– Higher than 95% of forecasts
– Highly optimistic range

• 75th percentile
– Exceeded by 25% of forecasts
– Higher than 75% of forecasts
– Optimistic range

• 50th percentile 
– Exceeded by 50% of forecasts
– Higher than 50% of forecasts

• 25th percentile
– Exceeded by 75% of forecasts
– Higher than 25% of forecasts
– Pessimistic range

• 5th percentile
– Exceeded by 95% of forecasts
– Higher than only 5% of forecasts
– Highly pessimistic range

INTERPRETING STOCHASTIC RESULTS
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*The above interpretation is in the context of funded ratios. The key aspects of this interpretation would flip (i.e. green to red, optimistic to 
pessimistic and vice versa) in the context of contribution rates.



STOCHASTIC: STATE EMPLOYEES
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Pessimistic

Baseline

Optimistic

Funded Ratio as of June 30

Employer Contribution Rate for Fiscal Year

Pessimistic

NEPC’s 
Long-term 
Projection

Baseline

Optimistic

NEPC’s 
Long-term 
Projection



STOCHASTIC: TEACHERS
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Employer Contribution Rate for Fiscal Year

Funded Ratio as of June 30

NEPC’s 
Long-term 
Projection

Pessimistic

Baseline

Optimistic

Pessimistic

Baseline

Optimistic

NEPC’s 
Long-term 
Projection



NEPC, LLC

APPENDIX



• Liability calculations follow a roll-forward methodology based on the June 30, 2017 
actuarial valuation by GRS

– Accrued Liability and Normal Cost rolled forward each year
– Discount rate is assumed to remain at 7.00% each year
– Benefit payments as projected by the plan’s actuary 
– Accrued liability and benefit payments adjusted for differences in projected COLA vs. assumed COLA
– Other than those described herein, all assumptions remain unchanged from the actuarial valuation report

• Actual asset returns through June 30, 2018 (8.0% fiscal YTD)1 were reflected, thereafter:
– 5-7 year return assumption of 6.3% for medium-term projections
– 50 year return assumption of 7.4% for long-term projections

• Employer contributions are based on the plan’s funding policy
– Employer normal cost plus amortization of the unfunded liability
– Future gains and losses are laddered and amortized over 20 years
– “Staggering” of losses due to 2016 assumption changes
– Once 100% funded, all amortization bases are assumed to be fully amortized
– Employer normal cost contribution will always be made (the effective minimum employer contribution)

• Employee contribution rates are assumed to remain level

• Fiscal year contributions are budgeted based on the valuation year three years prior
– E.g., FYE 2020 contribution is determined by the FYE 2017 valuation

26

1 Per June 30, 2018 Flash Report

ASSUMPTIONS AND METHODOLOGY



REGIME CHANGES – YIELD CURVE SHIFTS
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REGIME CHANGES – RETURN ASSUMPTIONS
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Asset Class Stagflation Recession Expansion Overextension
Cash 2.1% 1.0% 1.7% 2.3%
Treasuries -12.9% 25.9% 9.4% -12.7%
IG Corp Credit -14.4% 5.1% 13.9% -8.6%
MBS -12.7% 20.4% 11.4% -10.7%
TIPS 4.0% 9.8% 0.6% 12.9%
High-Yield Bonds -15.8% -15.7% 18.3% -4.4%
Global Bonds (Unhedged) -20.0% 40.0% 14.5% -19.6%
Global Bonds (Hedged) -11.8% 23.6% 8.5% -11.5%
EMD (External) -16.7% 9.8% 15.6% -10.9%
EMD (Local Currency) -16.7% 9.8% 15.6% -10.9%
Large Cap Equities -26.8% -30.6% 28.3% 29.9%
Small/Mid Cap Equities -32.1% -36.7% 34.0% 35.9%
Int'l  Equities (Unhedged) -32.1% -36.7% 34.0% 35.9%
Int'l  Equities (Hedged) -27.5% -31.5% 29.2% 30.8%
Int'l  Sm Cap Equities (Unhedged) -33.6% -38.5% 35.6% 37.6%
Emerging Int'l  Equities -42.8% -49.0% 45.4% 47.9%
Emerging Int'l  Sm Cap Equities -47.4% -54.2% 50.2% 53.0%
Private Equity -35.2% -40.2% 37.3% 39.3%
Private Debt -25.5% -28.0% 27.8% 17.4%
Private Real Assets - Energy/Metals -17.4% -25.7% 30.1% 44.6%
Private Real Assets - Infrastructure/Land -13.1% -21.6% 27.5% 44.0%
Real Estate (Core) -8.8% -17.5% 24.9% 43.4%
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Asset Class Stagflation Recession Expansion Overextension
Commodities 6.7% -2.9% 14.0% 38.0%
Long Treasuries -24.4% 39.3% 12.4% -23.8%
Long Credit -33.9% 3.4% 23.8% -23.5%
20+ YR STRIPS -33.7% 64.1% 19.2% -34.2%
High-Yield Municipal Bonds -14.6% 1.6% 14.6% -7.9%
Municipal Bonds (1-10 yr) -13.7% 15.5% 11.6% -10.6%
Short Treasuries (1-3 yr) -2.9% 9.3% 4.2% -2.7%
Short Credit (1-3 yr) -4.3% -11.5% 8.7% 1.4%
Short HY (1-3 yr) -5.8% -32.3% 13.2% 5.5%
Global I/L 4.0% 9.8% 0.6% 12.9%
Municipal Bonds -13.7% 15.5% 11.6% -10.6%
Bank Loans -12.2% -12.4% 15.0% -3.1%
US 10 yr Treasuries -15.8% 29.2% 10.1% -15.4%
Global 10 yr Sovereigns (Hedged) -15.8% 29.2% 10.1% -15.4%
Hedge Funds - Long/Short -12.3% -14.8% 15.0% 16.1%
Hedge Funds - Credit -6.8% -7.4% 10.0% -1.1%
Hedge Funds - Macro -5.0% -2.4% 9.6% 7.5%
MLPs -30.6% -35.0% 32.4% 34.2%
REITs -32.1% -36.7% 34.0% 35.9%
Non-US Cash 2.1% 1.0% 1.7% 2.3%
Non-US Leverage Cost 2.4% 1.2% 1.9% 2.5%
Non-Core Real Estate -11.5% -22.8% 32.6% 56.7%

REGIME CHANGES – RETURN ASSUMPTIONS
(CONTINUED)



HISTORICAL EVENTS - DESCRIPTIONS
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HISTORICAL EVENTS – RETURN ASSUMPTIONS
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Asset Class
Asian Financial 

Crisis Black Monday
Bursting of Dot-

Com Bubble
Global 

Financial Crisis

Japanese Asset 
Bubble 

Collapse Taper Tantrum
USA Savings 

and Loan Crisis
Cash 7.2% 0.1% 8.9% 4.6% 6.2% 0.0% 5.5%
Treasuries 19.1% 6.1% 17.1% 19.1% 2.9% -2.5% 0.9%
IG Corp Credit 17.0% 7.0% 17.2% -4.1% 3.6% -4.6% 0.4%
MBS 11.9% 6.1% 18.2% 15.8% 5.8% -3.0% 2.7%
TIPS 7.3% 5.1% 20.3% 6.7% -1.3% -5.8% -16.8%
High-Yield Bonds 3.6% 3.8% 1.0% -27.7% -8.0% -3.8% 0.8%
Global Bonds (Unhedged) 14.9% 6.1% 8.2% 6.6% 4.7% -2.3% 0.9%
Global Bonds (Hedged) 13.7% 6.1% 14.9% 10.0% 1.7% -2.3% 0.9%
EMD (External) -19.1% 5.6% 13.3% -8.8% 0.1% -7.4% 0.7%
EMD (Local Currency) -21.2% 5.6% 8.5% -8.4% 0.1% -7.8% 0.7%
Large Cap Equities 11.9% -16.6% -33.1% -54.6% -10.4% -1.2% 5.8%
Small/Mid Cap Equities -10.6% -21.0% -41.9% -58.1% -13.2% 1.0% 7.4%
Int'l  Equities (Unhedged) 4.4% -19.1% -46.5% -59.3% -30.0% -7.2% -4.8%
Int'l  Equities (Hedged) 3.1% -19.1% -43.1% -53.7% -33.1% -7.2% -4.8%
Int'l  Sm Cap Equities (Unhedged) 4.6% -20.0% -31.6% -62.9% -31.4% -5.4% -5.0%
Emerging Int'l  Equities -52.3% -15.2% -47.7% -57.4% -7.7% -12.5% -3.8%
Emerging Int'l  Sm Cap Equities -55.5% -16.9% -52.8% -62.7% -8.5% -11.9% -4.2%
Private Equity -11.8% -15.9% -40.0% -30.0% 3.0% 2.9% 6.0%
Private Debt 12.0% 4.0% -9.0% -22.0% 0.0% 2.7% -6.0%
Private Real Assets - Energy/Metals -22.0% -2.0% 19.0% 0.0% 15.0% 0.0% 6.0%
Private Real Assets - Infrastructure/Land -13.0% -5.0% 25.0% -17.0% -10.0% 1.6% 7.0%
Real Estate (Core) 21.0% 1.8% 18.0% -30.0% 2.0% 2.8% 8.0%
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HISTORICAL EVENTS – RETURN ASSUMPTIONS
(CONTINUED)

Asset Class
Asian Financial 

Crisis Black Monday
Bursting of Dot-

Com Bubble
Global 

Financial Crisis

Japanese Asset 
Bubble 

Collapse Taper Tantrum
USA Savings 

and Loan Crisis
Commodities -26.3% -1.8% 5.5% -34.7% 34.9% -2.2% 55.6%
Long Treasuries 32.0% 16.8% 16.8% 26.3% -2.2% -7.4% -4.4%
Long Credit 21.6% 13.4% 16.0% -7.0% 1.5% -8.3% -1.1%
20+ YR STRIPS 46.8% 24.9% 21.5% 46.4% -7.2% -10.7% -10.2%
High-Yield Municipal Bonds 10.6% 5.8% 11.1% -24.8% -0.5% -6.1% 0.9%
Municipal Bonds (1-10 yr) 11.4% 6.6% 14.6% 8.6% 2.7% -4.1% 3.2%
Short Treasuries (1-3 yr) 10.6% 2.1% 14.8% 11.5% 5.1% -0.3% 3.9%
Short Credit (1-3 yr) 10.3% 3.0% 15.6% 4.0% 5.8% -0.6% 3.4%
Short HY (1-3 yr) 7.8% -0.3% 28.4% -15.6% 10.4% -1.7% 3.9%
Global I/L 7.3% 5.1% 20.3% -1.0% -1.3% -3.3% -16.8%
Municipal Bonds 11.1% 6.6% 14.9% 4.1% 2.9% -4.0% 1.5%
Bank Loans 6.2% 3.0% 9.3% -26.1% -5.2% -0.9% 1.7%
US 10 yr Treasuries 22.2% 8.7% 17.0% 23.2% 1.6% -3.8% -0.4%
Global 10 yr Sovereigns (Hedged) 22.2% 8.7% 17.0% 6.5% 1.6% -1.8% -0.4%
Hedge Funds - Long/Short 1.2% -8.2% -3.8% -17.6% 3.7% -0.6% 5.6%
Hedge Funds - Credit -3.0% 1.9% 11.9% -26.2% -0.9% -1.1% 3.1%
Hedge Funds - Macro 17.3% -3.2% 27.3% 5.3% 1.4% -2.5% 4.4%
MLPs 4.6% -18.9% 49.6% -51.2% -11.9% -3.5% 6.6%
REITs 11.0% -21.0% 35.2% -70.3% -19.5% -10.2% -10.7%
Non-US Cash 7.2% 0.1% 8.9% 4.6% 6.2% 0.0% 5.5%
Non-US Leverage Cost 7.3% 0.1% 8.4% 5.6% 6.3% 0.0% 7.1%
Non-Core Real Estate 25.0% 0.7% 18.0% -50.0% 2.0% 2.8% 6.3%



2018 CAPITAL MARKET ASSUMPTIONS
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Asset Class 5-7 Year Return 
Forecast

30 Year Return 
Forecast Volatility

Large Cap Equities 5.25% 7.50% 17.50%
Small/Mid Cap Equities 5.75% 7.75% 21.00%
Int'l Equities (Unhedged) 7.50% 7.75% 21.00%
Int'l Small Cap Equities (Unhedged) 7.75% 8.00% 22.00%
Emerging Int'l Equities 9.00% 9.25% 28.00%
Emerging Int'l Small Cap Equities 9.25% 9.50% 31.00%
Private Equity 8.00% 9.50% 23.00%
Core Bonds* 2.75% 3.75% 5.99%
High Yield 3.75% 5.50% 13.00%
Bank Loans 4.50% 5.50% 9.00%
EMD External 4.25% 5.00% 13.00%
EMD Local Currency 6.00% 6.50% 13.00%
Private Debt 6.50% 7.50% 13.00%
TIPS 3.25% 3.75% 6.50%
Commodities 4.75% 5.50% 19.00%
REITS 6.50% 6.75% 21.00%
Core Real Estate 5.75% 6.50% 13.00%
Non-Core Real Estate 7.00% 7.50% 17.00%
Private Real Assets: Energy/Metals 8.00% 7.75% 21.00%
Cash 2.00% 2.75% 1.00%
GAA** 5.12% 5.85% 7.28%
Risk Parity** 5.50% 6.91% 11.98%
Hedge Funds*** 5.83% 6.34% 9.07%
*Assumption based on market weighted blend of index components
**Based on a handful of different manager strategies using a blend of index components
***Hedge Funds is a calculated blend of 40% Equity, 40% Credit and 20% Macro-related strategies

Geometric Expected Return



2018 5-7 YEAR RETURN FORECASTS

* Core Bonds assumption based on market weighted blend of components of Aggregate Index (Treasuries, IG Corp Credit, and MBS).
** Hedge Funds is a calculated blend of 40% Equity, 40% Credit, 20% Macro-related strategies.

Geometric Expected Return
Asset Class 2018 2017 2018-2017

Cash 2.00% 1.75% +0.25%
Treasuries 2.25% 2.00% +0.25%
IG Corp Credit 3.50% 3.75% -0.25%
MBS 2.50% 2.25% +0.25%
Core Bonds* 2.75% 2.65% +0.10%
TIPS 3.25% 3.00% +0.25%
High-Yield Bonds 3.75% 4.75% -1.00%
Bank Loans 4.50% 5.25% -0.75%
Non-US Bonds (Unhedged) 0.50% 1.00% -0.50%
Non-US Bonds (Hedged) 0.73% 1.09% -0.36%
EMD External 4.25% 4.75% -0.50%
EMD Local Currency 6.00% 6.75% -0.75%
Large Cap Equities 5.25% 5.75% -0.50%
Small/Mid Cap Equities 5.75% 6.00% -0.25%
Int'l Equities (Unhedged) 7.50% 7.25% +0.25%
Int'l Equities (Hedged) 7.82% 7.57% +0.25%
Emerging Int'l Equities 9.00% 9.50% -0.50%
Private Equity 8.00% 8.25% -0.25%
Private Debt 6.50% 7.25% -0.75%
Core Real Estate 5.75% 6.00% -0.25% 
Commodities 4.75% 4.75% -
Hedge Funds** 5.83% 5.95% -0.12%

34



2018 5-7 YEAR RETURN FORECASTS - CONTINUED

* Assumption based on market weighted blend of index components
** Custom weighted blend of underlying asset classes

Geometric Expected Return
Asset Class 2018 2017 2018-2017

Short Treasuries 2.25% 2.00% +0.25%
US 10 Yr. Treasury 2.25% 2.00% +0.25%
Long Treasuries 2.00% 1.75% +0.25%
20+ Year STRIPS 1.75% 1.50% +0.25%
Short Credit 2.75% 2.75% -
Long Credit 4.00% 4.25% -0.25%
Long Government/Credit* 3.26% 3.33% -0.07%
Non-US Cash** 0.50% 0.25% +0.25%
Non-US Inflation-Linked Bonds 1.75% 1.00% +0.75%
Short High Yield 4.25% 5.00% -0.75%
Municipal Bonds (1-10 Year) 2.50% - -
High Yield Municipal Bonds 3.75% 4.25% -0.50%
Global Equity* 6.88% 7.21% -0.33%
MLPs 7.25% 7.00% +0.25%
REITs 6.50% 6.50% -
Real Assets (Liquid)** 5.87% 5.92% -0.05%
Non-Core Real Estate 7.00% N/A N/A
Private Real: Energy/Metals 8.00% 8.25% -0.25%
Private Real: Infrastructure/Land 6.00% 6.00% -
Hedge Funds - Long/Short 6.25% 6.25% -
Hedge Funds – Credit 5.00% 5.25% -0.25%
Hedge Funds – Macro 6.25% 6.25% -
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2018 VOLATILITY FORECASTS

* Core Bonds assumption based on market weighted blend of components of Aggregate Index (Treasuries, IG Corp Credit, and MBS).
** Hedge Funds is a calculated blend of 40% Equity, 40% Credit, 20% Macro-related strategies.

Volatility
Asset Class 2018 2017 2018-2017

Cash 1.00% 1.00% -
Treasuries 5.50% 5.50% -
IG Corp Credit 7.50% 7.50% -
MBS 7.00% 7.00% -
Core Bonds* 5.99% 6.03% -0.04%
TIPS 6.50% 6.50% -
High-Yield Bonds 13.00% 13.00% -
Bank Loans 9.00% 9.00% -
Non-US Bonds (Unhedged) 10.00% 8.50% +1.50%
Non-US Bonds (Hedged) 4.50% 5.00% -0.50%
EMD External 13.00% 13.00% -
EMD Local Currency 13.00% 15.00% -2.00%
Large Cap Equities 17.50% 17.50% -
Small/Mid Cap Equities 21.00% 21.00% -
Int'l Equities (Unhedged) 21.00% 21.00% -
Int'l Equities (Hedged) 18.00% 18.00% -
Emerging Int'l Equities 28.00% 28.00% -
Private Equity 23.00% 23.00% -
Private Debt 13.00% 14.00% -1.00%
Core Real Estate 13.00% 15.00% -2.00%
Commodities 19.00% 19.00% -
Hedge Funds** 9.07% 8.74% -0.33%
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2018 VOLATILITY FORECASTS - CONTINUED

* Assumption based on market weighted blend of index components
** Custom weighted blend of underlying asset classes

Volatility
Asset Class 2018 2017 2018-2017

Short Treasuries 2.50% 2.50% -
US 10 Yr. Treasury 7.50% 7.50% -
Long Treasuries 12.00% 12.00% -
20+ Yr. STRIPS 19.00% 19.00% -
Short Credit 3.50% 3.50% -
Long Credit 12.00% 13.00% -1.00%
Long Government/Credit* 11.26% 12.01% -0.75%
Non-US Cash** 1.00% 1.00% -
Non-US 10 Yr. Sovereigns** 6.50% 6.50% -
Non-US Inflation-Linked Bonds (H) 5.50% 6.00% -0.50%
Short High Yield 8.50% 9.00% -0.50%
Municipal Bonds (1-10 Year) 5.50% - -
Global Equity* 18.22% 18.26% -0.04%
MLPs 19.00% 20.00% -1.00%
REITs 21.00% 21.00% -
Real Assets (Liquid)** 13.06% 12.83% +0.23%
Non-Core Real Estate 17.00% N/A N/A
Private Real: Energy/Metals 21.00% 21.00% -
Private Real: Infrastructure/Land 12.00% 14.00% -2.00%
Hedge Funds - Long/Short 11.00% 11.00% -
Hedge Funds – Credit 9.50% 9.50% -
Hedge Funds – Macro 9.50% 9.50% -
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2018 30 YEAR RETURN FORECASTS

* Core Bonds assumption based on market weighted blend of components of Aggregate Index (Treasuries, IG Corp Credit, and MBS).
** Hedge Funds is a calculated blend of 40% Equity, 40% Credit, 20% Macro-related strategies.

Geometric Expected Return
Asset Class 2018 2017 2018-2017

Cash 2.75% 3.00% -0.25%
Treasuries 3.25% 3.50% -0.25%
IG Corp Credit 4.75% 5.00% -0.25%
MBS 3.25% 3.50% -0.25%
Core Bonds* 3.75% 4.00% -0.25%
TIPS 3.75% 3.75% -
High-Yield Bonds 5.50% 5.75% -0.25%
Bank Loans 5.50% 6.00% -0.50%
Non-US Bonds (Unhedged) 2.50% 2.75% -0.25%
Non-US Bonds (Hedged) 2.77% 2.87% -0.10%
EMD External 5.00% 5.75% -0.75%
EMD Local Currency 6.50% 6.50% -
Large Cap Equities 7.50% 7.50% -
Small/Mid Cap Equities 7.75% 7.75% -
Int'l Equities (Unhedged) 7.75% 7.75% -
Int'l Equities (Hedged) 8.14% 8.14% -
Emerging Int'l Equities 9.25% 9.50% -0.25%
Private Equity 9.50% 9.50% -
Private Debt 7.50% 8.00% -0.50%
Core Real Estate 6.50% 6.50% -
Commodities 5.50% 5.50% -
Hedge Funds** 6.34% 6.47% -0.13%
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2018 30 YEAR RETURN FORECASTS - CONTINUED

* Assumption based on market weighted blend of index components
** Custom weighted blend of underlying asset classes

Geometric Expected Return
Asset Class 2018 2017 2018-2017

Short Treasuries 3.00% 3.00% -
US 10 Yr. Treasury 3.50% 3.50% -
Long Treasuries 3.50% 3.75% -0.25%
20+ Yr. STRIPS 3.50% 3.75% -0.25%
Short Credit 3.75% 3.75% -
Long Credit 5.25% 5.75% -0.50%
Long Government/Credit* 4.62% 5.04% -0.42%
Non-US Cash** 2.00% 2.00% -
Non-US 10 Yr. Sovereigns** 2.50% 2.50% -
Non-US Inflation-Linked Bonds 3.00% 2.75% +0.25%
Short High Yield 5.25% 5.75% -0.50%
Municipal Bonds (1-10 Year) 3.25% - -
Global Equity** 8.24% 8.35% -0.11%
MLPs 7.50% 7.50% -
REITs 6.75% 6.75% -
Real Assets (Liquid)** 6.75% 6.79% -0.04%
Non-Core Real Estate 7.50% N/A N/A
Private Real: Energy/Metals 7.75% 7.75% -
Private Real: Infrastructure/Land 6.25% 6.00% +0.25%
Hedge Funds - Long/Short 7.25% 7.25% -
Hedge Funds – Credit 5.25% 5.50% -0.25%
Hedge Funds – Macro 6.25% 6.25% -
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*Assumption based on market weighted blend of index components
** Hedge Fund is calculated blend of 40% Equity, 40% Credit, 20% Macro-related strategies 

Large 
Cap 

Equities

Small/Mid 
Cap 

Equities

Int'l 
Equities 
(Unhedg

ed)

Int'l 
Small 
Cap 

Equities 
(Unhedg

ed)

Emerging 
Int'l 

Equities

Emerging 
Int'l 

Small 
Cap 

Equities

Private 
Equity

Core 
Bonds*

High 
Yield

Bank 
Loans

EMD 
External

EMD 
Local 

Currency

Private 
Debt TIPS Commodi

ties REITS
Core 
Real 

Estate

Non-
Core 
Real 

Estate

Private 
Real 

Assets: 
Energy/ 
Metals

Cash Hedge 
Funds**

Large Cap Equities 1.00

Small/Mid Cap 
Equities 0.90 1.00

Int'l Equities 
(Unhedged) 0.70 0.65 1.00

Int'l Small Cap 
Equities (Unhedged) 0.70 0.75 0.90 1.00

Emerging Int'l 
Equities 0.65 0.65 0.70 0.70 1.00

Emerging Int'l Small 
Cap Equities 0.60 0.70 0.70 0.75 0.90 1.00

Private Equity 0.70 0.75 0.60 0.60 0.45 0.45 1.00

Core Bonds* 0.10 0.08 0.10 0.08 0.03 0.03 0.10 1.00

High Yield 0.65 0.70 0.65 0.65 0.70 0.70 0.60 0.35 1.00

Bank Loans 0.50 0.55 0.50 0.50 0.50 0.50 0.55 -0.10 0.65 1.00

EMD External 0.55 0.55 0.60 0.60 0.70 0.70 0.35 0.43 0.70 0.25 1.00

EMD Local Currency 0.60 0.50 0.65 0.70 0.80 0.80 0.40 0.32 0.55 0.25 0.75 1.00

Private Debt 0.60 0.65 0.75 0.75 0.80 0.80 0.65 -0.12 0.65 0.70 0.50 0.60 1.00

TIPS -0.10 -0.10 -0.05 -0.05 -0.10 -0.10 -0.10 0.71 0.20 0.05 0.30 0.25 -0.10 1.00

Commodities 0.30 0.30 0.40 0.35 0.55 0.55 0.25 0.02 0.20 0.40 0.35 0.50 0.30 0.30 1.00

REITS 0.70 0.75 0.60 0.60 0.60 0.60 0.50 0.15 0.55 0.55 0.35 0.40 0.60 0.30 0.35 1.00

Core Real Estate 0.40 0.40 0.35 0.35 0.30 0.30 0.50 0.11 0.35 0.20 0.25 0.40 0.40 0.10 0.30 0.60 1.00

Non-Core Real 
Estate 0.55 0.60 0.50 0.50 0.40 0.40 0.75 0.00 0.50 0.40 0.30 0.40 0.55 0.00 0.35 0.30 0.75 1.00

Private Real Assets: 
Energy/Metals 0.65 0.70 0.55 0.55 0.50 0.50 0.85 -0.01 0.50 0.55 0.40 0.40 0.65 -0.05 0.35 0.55 0.45 0.65 1.00

Cash -0.10 -0.15 -0.10 -0.10 -0.10 -0.10 -0.20 0.20 -0.05 0.00 0.05 0.05 0.00 0.35 0.10 -0.05 0.10 -0.05 -0.05 1.00

Hedge Funds** 0.68 0.70 0.68 0.71 0.72 0.71 0.73 0.25 0.70 0.57 0.62 0.66 0.78 0.20 0.51 0.49 0.23 0.46 0.69 0.00 1.00



• NEPC, LLC is an investment consulting firm.  We provide asset-liability 
studies for certain clients but we do not provide actuarial services. 
Any projections of funded ratio or contributions contained in this 
report should not be used for budgeting purposes.  We recommend 
contacting the plan’s actuary to obtain budgeting estimates.

• The goal of this report is to provide a basis for substantiating asset 
allocation recommendations.  

• The projection of liabilities in this report uses standard actuarial 
projection methods and does not rely on actual participant data.  
Asset and liability information was received from the plan’s actuary, 
and other projection assumptions are stated in the report.

• Assets are projected using a methodology chosen by the client.  Gains 
and losses are estimated through investment returns generated by 
applying NEPC’s 5-7 year asset class assumptions and scenario 
assumptions for the current year.

• This report is based on forward-looking assumptions, which are 
subject to change.

• This report may contain confidential or proprietary information and 
may not be copied or redistributed.

DISCLOSURES

41


	Slide Number 1
	Table of contents
	Asset-liability overview
	Asset-Liability Overview
	Historical Review – state employees
	Historical Review – teachers
	Plan overview
	Plan overview – Asset allocation
	Deterministic Projections 
	Medium-term – State employees
	Medium-term – State employees
	Slide Number 12
	Medium-term – teachers
	long-term – State employees
	Slide Number 15
	Scenario Analysis
	Scenario Analysis: REGIME CHANGES
	Scenario Analysis: Historical EVENTS
	Regime change
	Historical events
	Stochastic Analysis
	Interpreting stochastic results
	Stochastic: State Employees
	Stochastic: teachers
	Appendix
	Assumptions and methodology
	Regime changes – yield curve shifts
	Regime changes – return assumptions
	Regime changes – return assumptions�(continued)
	Historical Events - Descriptions
	Historical events – return assumptions
	Historical events – return assumptions�(continued)
	2018 Capital Market Assumptions
	2018 5-7 year return forecasts
	2018 5-7 Year Return Forecasts - continued
	2018 Volatility Forecasts
	2018 Volatility Forecasts - continued
	2018 30 year return forecasts
	2018 30 Year Return Forecasts - continued
	2018 correlations
	Disclosures


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.75000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


