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Worcester Retirement System

Aggregate Assets

PRIT Allocation Comparison
Aggregate Assets

As of April 30, 2017

Actual Asset Target Target PRIT Actual Asset
Allocation?2 Allocation Range Allocation?
(%) (%) (%) (%)
Total Retirement System NA NA NA NA
Global Equity Assets 45 43 30-56 45
Domestic Equity Assets 24 22 17-27 20
International Developed Market Equity Assets 11 12 7-17 18
International Emerging Market Equity Assets 10 9 6-12 8
Fixed Income Assets 24 21 10-32 20
Core Fixed Income Assets? 14 14 9-19 12
Value-Added Fixed Income Assets? 11 7 2-12 8
Real Estate Assets 14 10 5-15 10
Hedge Fund Assets 1 2 0-4 9
Private Equity Assets 7 10 7-13 11
Portfolio Completion Strategies / GTAA 5 7 4-10 1
Real Assets (Natural Resources, Timber, Infrastructure) 5 7 3-10 4
Cash® <1 0 0-5 2

" Numbers may not sum to 100% due to rounding. PRIT Actual Asset Allocation as of April 30, 2017.
2 Asset classes include a pro-rata allocation of the System’s 10.3% holding of the PRIT Core Fund.

3 Retirement System figures include investment grade bonds and TIPS.

4 Retirement System figures include high yield fixed income and emerging market debt.

5 Includes Liquidating Portfolio.

1=

Prepared by Meketa Investment Group

Page 3 of 24



Worcester Retirement System

Total Retirement System
As of April 30, 2017

Allocation vs. Targets and Policy

Current Currgnt Policy Policy Range Within IPS

Balance Allocation Range?
US Equity $187,629,780 22% 22% 17% - 27% Yes
International Dev Market Equity $81,604,752 9% 12% 7% - 17% Yes
International EM Equity $77,580,721 9% 9% 6% - 12% Yes
Core Fixed Income $106,201,005 12% 14% 9% - 19% Yes
Value-Add Fixed Income $84,157,703 10% 7% 2% - 12% Yes
Real Estate $109,009,038 13% 10% 5% - 15% Yes
Private Equity $52,730,004 6% 10% 7% - 13% No
Global Tactical Asset Allocation $38,912,164 4% 7% 4% - 10% Yes
Balanced $88,965,388 10% 0% 0% - 15% Yes
Hedge Funds - - 2% 0% - 4% Yes
Timber $15,600,167 2% 3% 2% - 4% No
Natural Resources $15,705,875 2% 2% 1% - 3% Yes
Infrastructure $5,794,178 1% 2% 0% - 3% Yes
Cash $1,052,378 0% 0% 0% - 5% Yes
Total $864,943,153 100% 100%
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Worcester Retirement System

Total Retirement System

As of April 30, 2017

Asset Allocation History
5 Years Ending April 30, 2017
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Worcester Retirement System

Total Retirement System

As of April 30, 2017

Asset Class Performance Summary

Market Value % gf 1Mo YTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
(%) Portfolio (%) (%) (%) (%) (%) (%) (%)
Total Retirement System 864,943,153 100.0 1.0 5.8 10.9 4.8 7.0 44 75  Oct-95
Total Retirement System (Net of Fees) 1.0 5.8 10.7 4.6 6.8 4.2 7.2
Custom Benchmark - Target Allocation 1.0 5.2 10.5 54 7.5 4.9 - QOct-95
60% MSCI ACWI/ 40% Barclays Global Aggregate 14 6.3 8.0 3.1 5.6 3.9 6.0  Oct-95
Domestic Equity 187,629,780 21.7 1.0 6.7 18.5 10.2 13.6 73 59  Aug-00
Russell 3000 1.1 6.9 18.6 10.1 13.6 7.2 56  Aug-00
International Developed Market Equity 81,604,752 9.4 31 11.1 12.7 2.2 8.0 1.7 5.0  Aug-00
MSCI EAFE 25 10.0 11.3 0.9 6.8 0.9 34 Aug-00
International Emerging Market Equity 77,580,721 9.0 25 15.6 220 2.3 29 4.2 6.8  Aug-06
MSCI Emerging Markets 2.2 13.9 19.1 1.8 1.5 2.5 4.8  Aug-06
Core Fixed Income 106,201,005 12.3 0.6 1.5 1.3 2.2 1.5 4.8 45 May-05
Custom Benchmark - Fixed Income 0.7 1.6 1.1 2.2 1.7 4.1 4.0  May-05
Value Added Fixed Income 84,157,702 9.7 0.8 4.0 8.9 35 4.9 5.6 7.6 May-05
Custom High Yield Benchmark 1.0 4.0 9.3 3.5 - -- - May-05
Private Equity 52,730,004 6.1 -0.2 3.6 5.8 43 7.0 8.0 8.7  Oct-00
Cambridge Associates Fund of Funds Composite 1-Quarter Lag 0.0 1.1 4.5 8.5 10.3 8.1 53  Oct-00
Real Estate 109,009,038 12.6 0.3 29 8.9 10.9 11.2 5.5 7.7 Oct-00
NCREIF-ODCE 0.0 1.8 8.3 11.8 12.0 5.6 8.0  Oct-00
Balanced Assets 88,965,388 10.3 1.3 6.1 - - - - 10.2  Jun-16
60% MSCI ACWI/ 40% Barclays Global Aggregate 14 6.3 8.0 3.1 5.6 3.9 7.6 Jun-16
Global Tactical Asset Allocation 38,912,164 45 0.3 3.2 41 -2.2 11 - 20 Aug-07
Spliced Bechmark 1.4 6.3 8.0 2.6 1.2 2.5 25  Aug-07
Real Assets 37,100,219 43 -0.1 5.4 74 2.6 4.8 34 32 Oct-06
CPI+3% 0.5 2.3 5.3 4.1 4.3 4.7 4.8  Oct-06
Cash 1,052,378 0.1

All PRIT assets are as of February 28, 2017.

Prepared by Meketa Investment Group

1=

Page 6 of 24



Worcester Retirement System

Total Retirement System

As of April 30, 2017

Trailing Performance

Market Value % of % of 1 Mo YTD 1Yr 3Yrs 5Yrs 10 Yrs Return

() Portiolo Sector (%) (%) (%) (%) (%) (%) (o) Since

Domestic Equity 187,629,780 21.7 21.7 1.0 6.7 18.5 10.2 13.6 73 59  Aug-00
Russell 3000 1.1 6.9 18.6 10.1 13.6 7.2 56  Aug-00
SSgA S&P 500 Index (Net of Fees) 90,461,628 10.5 48.2 1.0 7.2 18.0 10.5 13.7 72 6.2  Aug-98
S&P 500 1.0 7.2 17.9 10.5 13.7 7.2 6.1 Aug-98
SSgA Russell 1000 Growth Index (Net of Fees) 37,629,856 44 201 2.3 11.3 19.5 12.1 13.9 - 151 Nov-09
Russell 1000 Growth 2.3 11.4 19.5 12.1 13.9 8.9 15.1  Nov-09
SSgA Russell 1000 Value Index (Net of Fees) 36,819,581 43 19.6 0.2 3.2 16.6 8.4 13.4 5.6 74 Jul-05
Russell 1000 Value -0.2 3.1 16.6 8.3 13.3 5.5 7.3 Jul-05
SSgA S&P Midcap 400 Index (Net of Fees) 11,209,459 1.3 6.0 0.8 48 20.5 10.2 13.6 8.8 9.8  Sep-06
S&P 400 MidCap 0.8 4.8 20.5 10.2 13.6 8.7 9.8  Sep-06

Lee Munder Small Cap Value (Net of Fees) 11,509,256 1.3 6.1 0.3 1.9 231 11.5 13.8 - 143 Nov-09
Russell 2000 Value 04 0.3 27.2 8.7 13.0 6.0 13.8  Nov-09
International Developed Market Equity 81,604,752 9.4 9.4 31 1.1 12.7 2.2 8.0 1.7 5.0 Aug-00
MSCI EAFE 2.5 10.0 11.3 0.9 6.8 0.9 34 Aug-00
SSgA MSCI EAFE Index 60,133,212 7.0 73.7 26 10.2 1.7 1.2 741 1.2 6.0  Sep-04
MSCI EAFE 2.5 10.0 11.3 0.9 6.8 0.9 57  Sep-04
Acadian Non-U.S. Small Cap Equity (Net of Fees) 21,471,540 25 26.3 45 14.0 15.9 6.6 11.8 3.0 84  Feb-05
MSCI EAFE Small Cap 4.3 12.6 13.1 5.3 10.2 3.1 6.7  Feb-05
International Emerging Market Equity 77,580,721 9.0 9.0 25 15.6 220 23 29 4.2 6.8  Aug-06
MSCI Emerging Markets 22 13.9 19.1 1.8 1.5 2.5 48  Aug-06
PRIT Emerging Markets (Net of Fees) 77,580,721 9.0 100.0 24 15.5 - - - - 13.0  Sep-16
MSCI Emerging Markets 22 13.9 19.1 1.8 1.5 2.5 10.5  Sep-16
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Worcester Retirement System

Total Retirement System

As of April 30, 2017

Market Value % of % of 1 Mo YTD 1Yr 3Yrs 5Yrs 10 Yrs Return Since
$) Portfolio  Sector (%) (%) (%) (%) (%) (%) (%)

Core Fixed Income 106,201,005 12.3 12.3 0.6 1.5 1.3 22 1.5 4.3 45 May-05
Custom Benchmark - Fixed Income 0.7 1.6 1.1 2.2 1.7 4.1 4.0  May-05
IR&M Aggregate Bond 70,967,711 8.2 66.8 0.7 1.6 1.2 3.0 - - 33  Feb-14

BBgBarc US Aggregate TR 0.8 1.6 0.8 2.7 2.3 4.3 2.8  Feb-14
IR&M Intermediate TIPS 35,233,294 41 33.2 0.4 1.5 1.6 1.3 - - 14  Feb-14
BBgBarc US TIPS 1-10 Yr TR 04 1.5 1.6 1.3 0.5 3.6 14 Feb-14

Value Added Fixed Income 84,157,702 9.7 9.7 0.8 4.0 8.9 35 4.9 5.6 7.6 May-05
Custom High Yield Benchmark 1.0 4.0 9.3 3.5 - - - May-05
High Yield Bonds 46,682,041 5.4 55.5 0.6 29 9.2 38 5.6 - 6.5  Jun-08

Loomis Sayles High Yield 24,083,105 2.8 51.6 0.7 44 12.9 45 74 74 82  Jan-96
BBgBarc US High Yield TR 1.2 3.9 13.3 4.7 6.8 7.4 7.3  Jan-96
Loomis Sayles Bank Loans 22,598,936 26 484 04 1.3 55 3.8 43 4.0 43 Oct-05
Credit Suisse Leveraged Loans 0.4 1.6 8.2 3.8 4.8 4.2 46  Oct-05
Lazard Emerging Market Debt Blend 28,611,147 3.3 34.0 1.5 6.7 6.5 0.0 - - 11 Aug-13
50% JPM EMBI GD / 50% JPM GBI-EM 1.3 6.6 6.4 1.8 2.1 5.6 25  Aug-13
Mezzanine Debt 8,864,515 1.0 10.5 0.0 1.2 12.9 12.1 8.9 8.6 -
Northstar Mezzanine Partners VI 4,301,056 05 485
Newstone Capital Partners Il 2,034,301 0.2 229
Northstar Mezzanine Partners V 1,694,587 0.2 19.1
Northstar Mezzanine Partners IV 322914 0.0 3.6
Newstone Capital Partners 421,388 0.0 4.8
Northstar Mezzanine Partners | 90,269 0.0 1.0
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Worcester Retirement System

Total Retirement System

As of April 30, 2017

Market Value % pf % of 1Mo YTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
(§)  Portfolio  Sector (%) (%) (%) (%) (%) (%) (%)

Private Equity 52,730,004 6.1 6.1 0.2 3.6 5.8 43 7.0 8.0 8.7  Oct-00
Cambridge Associates Fund of Funds Composite 1-Quarter Lag 0.0 1.1 4.5 8.5 10.3 8.1 53  Oct-00
Buyouts 40,771,708 4.7 77.3 0.2 44 6.5 5.4 75 10.3 111 Oct-05

American Securities Partners VI 8,444,657 1.0 20.7
Riverside Capital Appreciation Fund VI 6,311,504 0.7 15.5
Vitruvian Investment Partnership | 5,166,715 0.6 12.7
Riverside Micro Cap Fund Il 4,770,450 0.6 1.7
Capital International Private Equity Fund VI 4,628,116 0.5 11.4
Harvest Partners V 2,495,148 0.3 6.1
Ridgemont II 4,507,010 05 1.1
Riverside Capital Fund V 1,273,530 0.1 31
Charlesbank Equity Fund VI 481,076 0.1 1.2
TAXI 1,638,237 0.2 40
Riverside Europe Il 734,353 0.1 1.8
2000 Riverside Capital Appreciation 213,047 0.0 05
2003 Riverside Capital Appreciation 62,492 0.0 0.2
Charlesbank Equity Fund V 45,372 0.0 0.1
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Worcester Retirement System

Total Retirement System

As of April 30, 2017

Market Value % (_)f % of 1Mo YTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
(§)  Portfolio  Sector (%) (%) (%) (%) (%) (%) (%)
Fund of Funds 1,107,871 0.1 241 -1.5 3.7 -16.6 -11.6 -4.8 0.5 6.8  Oct-05
European Strategic Partners 108,410 0.0 9.8
INVESCO Private Capital Il 89,722 0.0 8.1
PRIT Vintage Year 2016 909,738 0.1 82.1
Venture Capital Funds 10,850,426 1.3 20.6 0.0 1.2 41 2.3 6.4 2.9 71 Oct-05
Ascent Venture Partners V 4,621,616 0.5 426
Boston Millennia Partners |lI 2,148,781 0.2 19.8
Asecent Venture Partners VI 1,828,234 0.2 16.8
Boston Millennia Partners || 1,010,615 0.1 9.3
Ascent Venture Partners || 533,545 0.1 4.9
Ascent Venture Partners IV 395,066 0.0 3.6
Ascent Venture Partners Il 292,206 0.0 2.7
Boston Capital Venture Il 20,363 0.0 0.2
Real Estate 109,009,038 12.6 12.6 0.3 29 8.9 10.9 11.2 5.5 7.7 Oct-00
NCREIF-ODCE 0.0 1.8 8.3 11.8 12.0 5.6 8.0  Oct-00
Open-End Real Estate 98,471,019 11.4 90.3 0.3 2.5 8.3 10.6 10.7 4.2 7.3 Jan-99
PRIT Real Estate 65,058,120 75 66.1 0.5 25 73 10.7 11.2 - 121 Apr-10
NCREIF-ODCE 0.0 1.8 8.3 11.8 12.0 5.6 133 Apr-10
NCREIF ODCE Equal Weighted 0.0 1.8 8.6 12.0 12.0 5.4 133 Apr-10
Custom Benchmark 0.3 2.3 7.5 11.0 11.3 - 129  Apr-10
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Worcester Retirement System

Total Retirement System

As of April 30, 2017

Market Value % of % of 1 Mo YTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
($)  Portfolio  Sector (%) (%) (%) (%) (%) (%) (%)

INVESCO Core Real Estate USA 33,412,899 39 339 0.0 25 104 124 12.0 5.6 6.6  Apr-06
NCREIF-ODCE 0.0 1.8 8.3 11.8 12.0 5.6 6.5  Apr-06
NCREIF ODCE Equal Weighted 0.0 1.8 8.6 12.0 12.0 54 6.3  Apr-06
NCREIF Property Index 0.0 1.6 7.3 10.6 10.7 6.7 7.5  Apr-06

Non-Core Real Estate 10,538,019 1.2 9.7 0.0 71 17.6 16.3 18.6 11.1 13.0  Oct-05

AEW Partners VI 7,430,741 0.9 70.5

AEW Partners VI 3,036,494 04 28.8

Intercontinental Real Estate Investment Fund IV 57,733 0.0 0.5

AREA Property Partners Fund || 13,051 0.0 0.1

Balanced Assets 88,965,388 10.3 10.3 1.3 6.1 - - - - 10.2  Jun-16
60% MSCI ACWI / 40% Barclays Global Aggregate 1.4 6.3 8.0 3.1 5.6 3.9 7.6 Jun-16
PRIT General Allocation Fund (Net of Fees) 88,965,388 10.3 100.0 1.3 6.1 11.3 - - - 111 Jun-16

60% MSCI ACWI/ 40% Barclays Global Aggregate 1.4 6.3 8.0 3.1 5.6 3.9 85  Jun-16

Global Tactical Asset Allocation 38,912,164 45 45 0.3 3.2 41 2.2 11 - 20 Aug-07
Spliced Bechmark 1.4 6.3 8.0 2.6 1.2 2.5 25  Aug-07
William Blair Macro Allocation Strategy (Net of Fees) 38,912,164 45 100.0 0.3 3.2 39 - - - 34  Jun-15

60% MSCI ACWI/ 40% Barclays Global Aggregate 1.4 6.3 8.0 3.1 5.6 3.9 3.8  Jun-15

Real Assets 37,100,219 43 43 -0.1 5.4 71 2.6 4.8 34 32  Oct-06
CPI+3% 0.5 2.3 5.3 4.1 4.3 4.7 48  Oct-06
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Worcester Retirement System

Total Retirement System

As of April 30, 2017

Market Value % (_)f % of 1Mo YTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
($)  Portfolio  Sector (%) (%) (%) (%) (%) (%) (%)

Timber 15,600,167 1.8 42.0 0.0 1.7 2.9 0.4 20 1.3 19  Oct-05
RMK Select Timberland Investment Fund | 5,454,704 0.6 35.0
Hancock Timberland VII 5,221,858 0.6 33.5
RMK Select Timberland Investment Fund Il 3,667,860 0.4 235
RMK Balanced Timberland B 1,255,745 0.1 8.0

Natural Resources (Public) 7,203,171 0.8 19.4 -0.8 1.5 9.5 -5.6 2.9 - -5.5 May-11

SSgA Global Natural Resources Stock Index 7,203,171 0.8 100.0 -0.8 15 9.5 -5.6 -2.9 - 55  May-11

S&P Global LargeMidCap Commodity and Resources GR USD -0.7 1.5 9.8 -5.5 -2.8 1.4 -5.1  May-11

Natural Resources (Private) 8,502,704 1.0 229 0.0 301 22.6 9.2 1.6 - 9.8 Jul-10
White Deer Energy Il 6,602,409 0.8 7.7
White Deer Energy 1,900,295 0.2 22.3

Infrastructure 5,794,178 0.7 15.6 0.0 1.6 15.2 33.3 26.1 - 151 Jun-08
Global Infrastructure Partners 3,635,208 0.4 62.7
Global Infrastructure Partners Il 2,158,970 0.2 37.3
Cash 1,052,378 0.1 0.1
State Street STIF - Cash 1,052,378 0.1 100.0
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Worcester Retirement System

Aggregate Assets

PRIT Allocation Comparison

Aggregate Assets
As of March 31, 2017

Actual Asset Target Target PRIT Actual Asset
Allocation?2 Allocation Range Allocation?
(%) (%) (%) (%)
Total Retirement System NA NA NA NA
Global Equity Assets 44 43 30-56 44
Domestic Equity Assets 24 22 17-27 20
International Developed Market Equity Assets 11 12 7-17 17
International Emerging Market Equity Assets 9 9 6-12 7
Fixed Income Assets 24 21 10-32 20
Core Fixed Income Assets? 13 14 9-19 12
Value-Added Fixed Income Assets? 11 7 2-12 8
Real Estate Assets 14 10 5-15 10
Hedge Fund Assets 1 2 0-4 9
Private Equity Assets 7 10 7-13 11
Portfolio Completion Strategies / GTAA 5 7 4-10 1
Real Assets (Natural Resources, Timber, Infrastructure) 5 7 3-10 4
Cash® 1 0 0-5 2

1 Numbers may not sum to 100% due to rounding. PRIT Actual Asset Allocation as of March 31, 2017.
2 Asset classes include a pro-rata allocation of the System’s 10.2% holding of the PRIT Core Fund.

3 Retirement System figures include investment grade bonds and TIPS.

4 Retirement System figures include high yield fixed income and emerging market debt.

5 Includes Liquidating Portfolio.
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Worcester Retirement System

Total Retirement System
As of March 31, 2017

Allocation vs. Policy Targets

Current Currgnt Policy Policy Range Within IPS

Balance Allocation Range?
US Equity $190,794,841 22% 22% 17% - 271% Yes
International Dev Market Equity $81,144,784 9% 12% 7% -17% Yes
International EM Equity $67,279,451 8% 9% 6% - 12% Yes
Core Fixed Income $105,536,612 12% 14% 9% - 19% Yes
Value-Add Fixed Income $83,672,422 10% 7% 2% - 12% Yes
Real Estate $112,682,557 13% 10% 5% - 15% Yes
Private Equity $53,944,463 6% 10% 7% - 13% No
Global Tactical Asset Allocation $38,864,570 5% 7% 4% - 10% Yes
Balanced $87,859,149 10% 0% 0% - 15% Yes
Hedge Funds - - 2% 0% - 4% Yes
Timber $15,600,166 2% 3% 2% - 4% No
Natural Resources $15,761,507 2% 2% 1% - 3% Yes
Infrastructure $5,794,178 1% 2% 0% - 3% Yes
Cash $4,500,362 1% 0% 0% - 5% Yes
Total $863,435,061 100% 100%
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Worcester Retirement System

Total Retirement System

As of March 31, 2017

Asset Allocation History
5 Years Ending March 31, 2017
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Worcester Retirement System

Total Retirement System

As of March 31, 2017

Asset Class Performance Summary

Market Value % Qf QTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
($) Portfolio (%) (%) (%) (%) (%) (%)
Total Retirement System 863,435,061 . . . . 74 Oct-95
Total Retirement System (Net of Fees) 7.2
Custom Benchmark - Target Allocation - Oct-95
60% MSCI ACWI/ 40% Barclays Global Aggregate 6.0 Oct-95
Domestic Equity 190,794,841 . . . 58  Aug-00
Russell 3000 55  Aug-00
International Developed Market Equity 81,144,784 . . . . . 49  Aug-00
MSCI EAFE 3.2  Aug-00
International Emerging Market Equity 67,279,451 . . . . 6.6  Aug-06
MSCI Emerging Markets 47  Aug-06
Core Fixed Income 105,536,612 . . . . . . 45  May-05
Custom Benchmark - Fixed Income 4.0  May-05
Value Added Fixed Income 83,672,422 . . . . . 7.5 May-05
Custom High Yield Benchmark - May-05
Private Equity 53,944,462 . . . . . . 8.8 Oct-00
Cambridge Associates Fund of Funds Composite 1-Quarter Lag 5.3 Oct-00
Real Estate 112,682,557 . . . 7.8 Oct-00
NCREIF-ODCE 8.1 Oct-00
Balanced Assets 87,859,149 . . - - - 8.8 Jun-16
60% MSCI ACWI/ 40% Barclays Global Aggregate 6.2 Jun-16
Global Tactical Asset Allocation 38,864,570 . . . - 20  Aug-07
Spliced Bechmark 24 Aug-07
Real Assets 37,155,851 . . . . . 3.2 Oct-06
CPI+3% 4.8 Oct-06
Cash 4,500,362
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Worcester Retirement System

Total Retirement System

As of March 31, 2017

Trailing Performance

Market Value % of % of QTD 1Yr 3Yrs 5Yrs 10 Yrs Return

(§)  Portfolo  Sector (%) (%) (%) (%) (%) (o)  Sinee
Total Retirement System 863,435,061 100.0 - 4.7 11.0 4.7 6.7 4.6 74 Oct-95
Total Retirement System (Net of Fees) 4.7 10.9 45 6.5 44 7.2
Custom Benchmark - Target Allocation 4.2 11.0 5.3 7.3 5.1 - Oct-95
60% MSCI ACWI/ 40% Barclays Global Aggregate 4.8 8.0 3.0 5.2 4.0 6.0 Oct-95
Domestic Equity 190,794,841 221 221 5.6 18.1 9.9 13.2 7.5 58  Aug-00
Russell 3000 57 18.1 9.8 13.2 7.5 55  Aug-00
SSgA S&P 500 Index (Net of Fees) 94,481,028 10.9 49.5 6.1 17.2 10.4 13.4 7.6 6.1 Aug-98
S&P 500 6.1 17.2 104 13.3 7.5 6.1  Aug-98
SSgA Russell 1000 Growth Index (Net of Fees) 36,795,054 43 19.3 89 15.8 11.3 13.3 - 15.0 Nov-09
Russell 1000 Growth 8.9 15.8 11.3 13.3 9.1 14.9  Nov-09
SSgA Russell 1000 Value Index (Net of Fees) 36,878,152 43 19.3 33 19.2 8.8 13.2 6.0 75 Jul-05
Russell 1000 Value 3.3 19.2 8.7 13.1 5.9 7.4 Jul-05
SSgA S&P Midcap 400 Index (Net of Fees) 11,116,476 1.3 58 39 209 9.4 13.3 9.0 98  Sep-06
S&P 400 MidCap 3.9 20.9 94 13.3 9.0 9.8  Sep-06
Lee Munder Small Cap Value (Net of Fees) 11,524,131 1.3 6.0 1.6 24.7 10.7 13.2 - 144 Nov-09
Russell 2000 Value -0.1 29.4 7.6 12.5 6.1 13.9  Nov-09
International Developed Market Equity 81,144,784 9.4 9.4 7.8 12.3 1.6 7.0 1.8 49  Aug-00
MSCI EAFE 7.2 11.7 0.5 5.8 1.1 32  Aug-00
SSgA MSCI EAFE Index 60,603,768 7.0 74.7 74 121 0.8 6.2 14 58  Sep-04
MSCI EAFE 7.2 11.7 0.5 5.8 1.1 55  Sep-04
Acadian Non-U.S. Small Cap Equity (Net of Fees) 20,541,016 24 253 9.1 124 48 10.5 3.1 8.0 Feb-05
MSCI EAFE Small Cap 8.0 11.0 3.6 9.2 3.0 6.4 Feb-05
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Worcester Retirement System

Total Retirement System

As of March 31, 2017

Market Value % of % of QTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
($) Portfolio  Sector (%) (%) (%) (%) (%) (%)
International Emerging Market Equity 67,279,451 7.8 7.8 12.8 21.8 1.6 1.9 4.6 6.6  Aug-06
MSCI Emerging Markets 11.4 17.2 1.2 0.8 2.7 47  Aug-06
PRIT Emerging Markets (Net of Fees) 67,279,451 7.8 100.0 12.8 - - - - 10.3 Sep-16
MSCI Emerging Markets 11.4 17.2 1.2 0.8 2.7 82  Sep-16
Core Fixed Income 105,536,612 12.2 12.2 0.9 1.2 2.2 1.7 4.8 45  May-05
Custom Benchmark - Fixed Income 0.9 0.7 2.3 1.8 4.1 40  May-05
IR&M Aggregate Bond 70,454,729 8.2 66.8 0.9 1.1 3.1 - - 3.2 Feb-14
BBgBarc US Aggregate TR 0.8 0.4 2.7 2.3 4.3 2.7 Feb-14
IR&M Intermediate TIPS 35,081,883 4.1 33.2 1.0 14 15 - - 1.3 Feb-14
BBgBarc US TIPS 1-10 Yr TR 1.1 15 15 0.6 3.6 1.3 Feb-14
Value Added Fixed Income 83,672,422 9.7 9.7 3.2 10.4 34 4.9 5.5 7.5  May-05
Custom High Yield Benchmark 3.0 11.2 34 - - - May-05
High Yield Bonds 46,452,044 54 55.5 23 11.6 3.7 5.6 - 6.5 Jun-08
Loomis Sayles High Yield 23,936,548 28 51.5 3.7 16.4 4.6 7.2 75 8.2 Jan-96
BBgBarc US High Yield TR 2.7 16.4 4.6 6.8 7.5 7.3 Jan-96
Loomis Sayles Bank Loans 22,515,496 26 485 0.9 6.8 37 43 4.0 43 Oct-05
Credit Suisse Leveraged Loans 1.2 9.7 3.7 4.9 4.2 4.6 Oct-05
Lazard Emerging Market Debt Blend 28,188,433 33 33.7 52 7.2 0.2 - - 07  Aug-13
50% JPM EMBI GD / 50% JPM GBI-EM 5.2 7.3 1.8 2.1 5.6 22 Aug-13
Mezzanine Debt 9,031,945 1.0 10.8 1.2 12.9 121 8.9 8.6 -
Northstar Mezzanine Partners VI 4,396,676 05 48.7
Newstone Capital Partners Il 2,075,278 0.2 23.0
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Worcester Retirement System

Total Retirement System

As of March 31, 2017

Market Value % Qf % of QTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
($) Portfolio  Sector (%) (%) (%) (%) (%) (%)

Northstar Mezzanine Partners V 1,694,587 0.2 18.8
Northstar Mezzanine Partners IV 322,914 0.0 3.6
Newstone Capital Partners 452,221 0.1 5.0
Northstar Mezzanine Partners Il 90,269 0.0 1.0

Private Equity 53,944,462 6.2 6.2 38 6.0 4.4 7.0 8.0 88  Oct-00

Cambridge Associates Fund of Funds Composite 1-Quarter Lag 1.1 4.5 8.5 10.3 8.1 5.3 Oct-00

Buyouts 42,215,510 4.9 78.3 4.6 6.7 5.5 75 10.3 112 Oct-05
American Securities Partners VI 9,734,359 1.1 231
Riverside Capital Appreciation Fund VI 6,178,410 0.7 14.6
Vitruvian Investment Partnership | 5,166,715 0.6 12.2
Riverside Micro Cap Fund Il 4,770,450 0.6 11.3
Capital International Private Equity Fund VI 4,628,116 0.5 11.0
Harvest Partners V 2,495,148 0.3 59
Ridgemont | 4,846,688 0.6 11.5
Riverside Capital Fund V 1,266,239 0.1 3.0
Charlesbank Equity Fund VI 479,291 0.1 1.1
TAXI 1,594,830 0.2 38
Riverside Europe Il 734,353 0.1 1.7
2000 Riverside Capital Appreciation 213,047 0.0 05
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Worcester Retirement System

Total Retirement System

As of March 31, 2017

Market Value % Qf % of QTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
($) Portfolio  Sector (%) (%) (%) (%) (%) (%)

2003 Riverside Capital Appreciation 62,492 0.0 0.1
Charlesbank Equity Fund V 45,372 0.0 0.1

Fund of Funds 878,527 0.1 1.6 2.2 -15.6 -11.2 -4.5 0.3 70  Oct-05
European Strategic Partners 108,410 0.0 12.3
INVESCO Private Capital Il 89,722 0.0 10.2
PRIT Vintage Year 2016 680,394 0.1 774

Venture Capital Funds 10,850,426 1.3 201 1.2 4.1 23 6.4 29 72 Oct-05
Ascent Venture Partners V 4,621,616 0.5 42.6
Boston Millennia Partners IlI 2,148,781 0.2 19.8
Asecent Venture Partners VI 1,828,234 0.2 16.8
Boston Millennia Partners |l 1,010,615 0.1 9.3
Ascent Venture Partners || 533,545 0.1 49
Ascent Venture Partners IV 395,066 0.0 3.6
Ascent Venture Partners Il 292,206 0.0 27
Boston Capital Venture Il 20,363 0.0 0.2
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Worcester Retirement System

Total Retirement System

As of March 31, 2017

Market Value % of % of QTD 1Yr 3Yrs 5Yrs 10 Yrs Return Since
($) Portfolio  Sector (%) (%) (%) (%) (%) (%)

Real Estate 112,682,557 13.1 13.1 26 8.7 11.0 11.2 5.4 7.8 Oct-00
NCREIF-ODCE 1.8 8.3 11.8 12.0 5.6 8.1 Oct-00
Open-End Real Estate 102,144,537 11.8 90.6 22 8.1 10.7 10.6 41 73 Jan-99

PRIT Real Estate 48,731,638 5.6 477 20 7.1 10.9 11.3 - 12.1 Apr-10
NCREIF-ODCE 1.8 8.3 11.8 12.0 5.6 13.5 Apr-10
NCREIF ODCE Equal Weighted 1.8 8.6 12.0 12.0 54 13.5 Apr-10
Custom Benchmark 2.0 74 11.1 11.4 - 13.0 Apr-10

INVESCO Core Real Estate USA 53,412,899 6.2 52.3 25 10.4 124 12.0 5.6 6.7 Apr-06
NCREIF-ODCE 1.8 8.3 11.8 12.0 5.6 6.5 Apr-06
NCREIF ODCE Equal Weighted 1.8 8.6 12.0 12.0 54 6.3 Apr-06
NCREIF Property Index 1.6 7.3 10.6 10.7 6.7 7.6 Apr-06

Non-Core Real Estate 10,538,119 1.2 9.4 71 17.6 16.3 18.6 11.2 13.1 Oct-05

AEW Partners VI 7,430,741 0.9 70.5

AEW Partners VI 3,036,494 04 28.8

Intercontinental Real Estate Investment Fund IV 57,733 0.0 05

AREA Property Partners Fund || 13,051 0.0 0.1

Balanced Assets 87,859,149 10.2 10.2 4.8 - - - - 8.8 Jun-16
60% MSCI ACWI/ 40% Barclays Global Aggregate 4.8 8.0 3.0 5.2 4.0 6.2 Jun-16
PRIT General Allocation Fund (Net of Fees) 87,859,149 10.2 100.0 48 - - - - 9.8 Jun-16

60% MSCI ACWI/ 40% Barclays Global Aggregate 4.8 8.0 3.0 5.2 4.0 7.0 Jun-16
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Worcester Retirement System

Total Retirement System

As of March 31, 2017

Market Value % Qf % of QTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
($) Portfolio  Sector (%) (%) (%) (%) (%) (%)

Global Tactical Asset Allocation 38,864,570 4.5 4.5 29 5.7 -1.8 1.2 - 2.0  Aug-07
Spliced Bechmark 4.8 8.0 24 1.2 2.7 24 Aug-07
William Blair Macro Allocation Strategy (Net of Fees) 38,864,570 45 100.0 2.9 55 - - - -3.6 Jun-15

60% MSCI ACWI/ 40% Barclays Global Aggregate 4.8 8.0 3.0 5.2 4.0 3.2 Jun-15

Real Assets 37,155,851 43 43 5.5 9.6 28 4.7 34 32  Oct-06
CPI+3% 1.7 54 4.1 4.3 4.8 4.8 Oct-06
Timber 15,600,166 1.8 42.0 1.7 -2.9 -0.4 20 1.3 1.9  Oct-05

RMK Select Timberland Investment Fund | 5,454,704 0.6 35.0
Hancock Timberland VII 5,221,858 0.6 335
RMK Select Timberland Investment Fund Il 3,667,860 0.4 235
RMK Balanced Timberland B 1,255,745 0.1 8.0
Natural Resources (Public) 7,258,803 0.8 19.5 2.3 229 -4.5 -3.0 - -54  May-11
SSgA Global Natural Resources Stock Index 7,258,803 0.8 100.0 2.3 229 -4.5 -3.0 - 54 May-11
S&P Global LargeMidCap Commodity and Resources GR USD 2.3 23.1 -4.4 -2.8 2.0 -5.1 May-11
Natural Resources (Private) 8,502,704 1.0 229 30.1 22.6 9.2 1.6 - 9.9 Jul-10
White Deer Energy Il 6,602,409 0.8 777
White Deer Energy 1,900,295 0.2 223
Infrastructure 5,794,178 0.7 15.6 1.6 15.2 33.3 26.1 - 152  Jun-08
Global Infrastructure Partners 3,635,208 0.4 62.7
Global Infrastructure Partners IlI 2,158,970 0.3 37.3
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Worcester Retirement System
Total Retirement System

As of March 31, 2017

Market Value % of % of QTD 1Yr 3Yrs 5Yrs  10Yrs Return Since
($) Portfolio  Sector (%) (%) (%) (%) (%) (%)

Cash 4,500,362 0.5 0.5

State Street STIF - Cash 4,500,362
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	Background
	 Asset allocation will influence the Retirement System’s investment results more than any other Board action over the next twenty years.  Therefore, it is important to review it frequently.
	 This document presents alternative asset allocation options for the Retirement System.
	 We provide various approaches to assessing the risk in each policy option in order to provide a “mosaic” of the risks faced by the Retirement System.
	 The goal of this review is not to declare one portfolio the “right” choice or the only prudent choice, but to highlight the risk and return tradeoffs of different policy portfolios.
	 Over long periods of time, riskier assets, such as equities, are likely to produce relatively high rates of return.
	 Consequently, higher allocations to risky assets increase the likelihood of the Retirement System achieving its long-term return expectations.  However, riskier assets increase volatility in the short term.

	 The asset allocation review process highlights the natural tension between long-term goals and short-term risks, and should allow the Retirement System to make more informed decisions regarding portfolio positioning.
	 Meketa Investment Group takes a long-term approach to investing, and recommends that clients focus primarily on strategic asset allocation.
	 Asset allocation will be the largest determinant of a long-term investor’s performance.

	 By diversifying very broadly to protect against a wide variety of risks, a long-term investor may increase exposure to higher returning asset classes without significantly increasing the total fund’s risk profile.
	 For long-term investors, Meketa Investment Group favors constructing well-diversified investment portfolios with exposure to higher risk, and higher returning, asset classes.
	 Given the historically low interest rates, investing a larger portion of plan’s assets in riskier asset classes (including equities, broadly) may be the only way to achieve a Fund’s targeted return.

	Asset Allocation
	 Asset allocation refers to the distribution of assets across a number of asset classes that exhibit different correlations with each other.  Each asset class exhibits a unique combination of risk and reward.  The expected and realized long-term retu...
	 The distribution of assets across various asset classes exerts a major influence on the return behavior of the aggregate pool over short and long time periods.
	 In addition to exhibiting unique characteristics, each asset class interacts differently with other asset classes.  Because of low correlations, the likelihood that any two asset classes will move together in the same direction is limited, with the ...
	 Each asset class behaves differently—while some asset classes are gaining in value, others may be falling.  This varying behavior means that assets are not perfectly “correlated.”  As a result of less-than-perfect correlations, combining asset class...
	 A properly diversified Fund can expect a higher return for a given level of risk, or, alternatively, can expect lower risk for a given level of return.

	What is Risk?  Definition and Timeframe Matter
	 Mitigating short-term risk most often favors “conservative” investments, like cash.
	 Mitigating long-term risk most often favors “aggressive” investments, like equities.
	 The timeframe largely determines which types of strategies/assets best mitigate risk.

	Short-Term Versus Long-Term Risk
	 There is always a trade off in outcomes between portfolios designed to reduce short- and long-term risks.
	 For instance, if the concern is reducing short-term risks (such as an extreme equity market pullback), one choice is to reduce equity “risk” or exposure in a portfolio.  However, this reduces the long-term return potential of the Fund.
	 Therefore, the logical way to reduce the long-term risk of not achieving a target return is to invest in “risk” assets but expect short-term volatility.
	 If we define “short-term risk” as a major stock market drawdown of 20% or more, then investors have experienced this type of short-term risk five times since World War II (see table below).

	The Secular Decline in Investment Returns
	 A portfolio comprised of 65% domestic stocks and 35% investment grade bonds has produced diminishing expected returns as well as actual returns over the past thirty years.
	 As return expectations have declined, the efficient frontier has shifted down.  Hence investors need to accept considerably more risk to target the same returns they could have achieved historically.

	Performance Chasing Detracts Value
	 Investors’ performance lags actual fund performance due to performance chasing, a practice that effectively translates into buying high and selling low.
	 A positive correlation exists between long-term return expectations and the level of risk accepted.
	

	Don’t Abandon High Quality Bonds:  Diversification Works
	Asset Class Examples Using Vanguard Mutual Funds
	Asset Allocation Policy Comparison
	 The previous page outlines three alternative policies to compare and contrast with the return-risk profile of the Current Policy.
	 These policies include differing levels of expected return, ranging from 7.4% to 8.0%.
	 As a result, the level of risk associated with each policy will vary, as well.
	 All policies include a significant (35%) allocation to the PRIT Core Fund

	 Policy A, with an expected return of 7.4%, meets the expected assumed rate of return.
	 This policy provides the greatest downside protection in the short-term, however long-term the Association may be giving up potential growth of assets.

	 Policy B, targeting a 7.8% expected return, has a slightly higher return-risk profile as the Current Policy, with modest changes.
	 Lastly, Policy C has an expected return of 8.0%.
	 This policy provides the greatest probability of achieving the assume rate of return, however it will generate more volatility in the short-term.

	 The objective of the subsequent analyses is to demonstrate how each policy could perform in various market environments to facilitate the Board’s discussion.
	 Decrease tracking error versus PRIT with a dedicated core fund allocation.
	 Provides clearer indication of desired exposure, simplifying the rebalancing and cash flow processes.

	 Increase and diversify real asset exposure.
	 Add exposure to infrastructure, an area PRIT has no exposure to.

	 Within equities, hold steady or increase exposure to emerging markets and private equity to drive returns.
	Mean-Variance Optimization


	Mean-Variance Optimization
	 Mathematically determines an “efficient frontier” of policy portfolios with the highest risk-adjusted returns.
	 All asset classes exhibit only three characteristics, which serve as inputs to the model:
	 Expected return
	 Expected volatility
	 Expected covariance with all other assets

	 The model assumes:
	 Normal return distribution
	 Stable volatility and covariance over time
	 Returns are not serially correlated

	 The MVO Model tends to underestimate the risks of large negative events.

	Asset Allocation Policy Options Expected Range of Returns
	 Over the short-term, the range of potential returns is very wide for each portfolio.
	 Policy C has the widest range of potential outcomes, given the higher standard deviation.

	 Over the long-term, the range of potential returns is considerably narrower as overall volatility declines over longer periods.
	Asset Allocation Policy Options Expected Growth of Assets
	 Over the long-term, as a result of compounding, the additional expected return associated with Policy C is expected to result in significantly more asset growth relative to the other policies.
	Asset Allocation Policy Options Range of 20-Year Expected Asset Growth Outcomes

	 The power of compounding turns small differences in average annual returns into large differences in end-of-period values.
	 While Policy C offers the largest total range of potential asset growth for the Fund, it would be susceptible to a greater drawdown in a severe equity market decline.

	Probabilities of Achieving Certain Target Returns
	Risk Analysis
	 Risk budgeting
	 Attributes overall portfolio risks to specific asset classes
	 Highlights the source and scale of portfolio-level risk

	 MVO-based risk analytics
	 Includes worst-case return expectations
	 Relies on assumptions underlying MVO

	 Scenario analysis
	 Stress tests policy portfolios using actual historical examples
	 Stress tests policy portfolios under specific hypothetical scenarios

	 Liquidity Analysis
	 The Fund must maintain adequate liquidity to avoid having to sell illiquid assets at distressed prices to satisfy spending needs

	 The most significant risk to the portfolio options is equity risk.
	 Policy A has the lowest probability of achieving a 7.375% return over the long-term relative to the alternative policy options.

	Liquidity Profile
	 Each Policy has at least 36% allocated to daily-liquid assets.

	U.S. Equity Cyclically Adjusted P/E
	 As of April 13th, the cyclically adjusted P/E ratio for the S&P 500 was 26.2x which is above its post-WWII average of 20.7x.
	 Historically, a P/E ratio at this level has led to below average future returns over a 10 year horizon.

	The U.S. Cyclically Adjusted P/E  and Long-Term Equity Returns
	 One of the most powerful predictors of long-term equity returns has been the Cyclically Adjusted Price to Earnings Ratio (CAPE).
	 This fundamentally driven measure is highly correlated with future returns, which are shown in the chart above using the CAPE metric on a reverse scale.
	 While international developed markets have come to represent a material portion of institutional public equity portfolios in recent years, many plans remain underexposed to the faster-growing emerging markets.  Today, emerging markets comprise rough...
	 The future growth argument for emerging market equities is strong.  These countries start from a lower base of economic activity.  Therefore, even modest improvements may result in large percentage increases.  Emerging economies also benefit from in...
	 This added growth potential comes with increased volatility (risk).  In addition, investing in emerging markets does introduce a heightened level of event risk (political, currency, etc.) to consider in assessing the risk/reward trade-off of investm...
	 What is the Fund’s long term return objective?
	 Financial goals
	 Benefits stability and /or growth
	 Projected actuarial assumed rate of return of 7.375%
	 Funded status of 100%
	 Maintaining purchasing power


	 What are the Fund’s risk objectives?
	 Volatility (minimize, given financial goals)
	 Endpoint uncertainty
	 Year-to-year fluctuations in asset values and contribution levels

	 Risk of short-term loss (minimize, given financial goals)
	 Permanent capital impairment (minimize, given financial goals)
	 Failure to meet objectives

	 Probability of meeting your assumed rate of return (maximize, given other risk objectives)

	 What is the overall time horizon for the Fund?
	 On-going concern, but with long-term time horizon for majority of assets.

	 What are the legal and regulatory constraints under which the Fund operates?
	 Commonwealth of Massachusetts laws.
	 PERAC Regulations.

	 In order to construct an optimal portfolio from a risk-return standpoint, conventional financial wisdom dictates that one develop return, volatility, and correlation expectations over the relevant investing horizon.
	 Given the uncertainty surrounding financial and economic forecasts, expectations development is challenging, and any of several methodological approaches may meaningfully contribute to this complex task.
	 Meketa Investment Group’s process relies on both quantitative and qualitative methodologies.
	 First, we employ a large set of quantitative models to arrive at a set of baseline expected ten-year annualized returns for major asset classes.
	 These models attempt to forecast a gross “beta” return for each public market asset class; that is, we specifically do not model “alpha,” nor do we apply an estimate for management fees or other operational expenses .
	 Our models may be econometrically derived (based on a historical return relationship with current observable factors), factor-based (based on a historical return relationship with predicted factors), or fundamentally based (based on some theoretical...
	 Some of these models are more predictive than others.  For this reason, we next overlay a qualitative analysis, which takes the form of a data-driven deliberation among the research team and our Investment Policy Committee.
	 Return assumptions for hard-to-predict asset classes as well as those with limited data will be influenced more heavily by our qualitative analysis.  As a result of this process, we form our ten-year annualized return expectations, which serve as th...
	 We form our twenty-year annualized return expectations by systematically considering historical returns on an asset class by asset class level.  Specifically, we construct a weighted average of our ten-year expectations and average historical return...
	 The weights are determined by a qualitative assessment of the value of the historical data.  Generally, if we have little confidence that the historical average return is representative of what an investor can expect , we will weight our ten-year fo...
	 We develop our twenty-year volatility and correlation expectations differently.  We rely primarily on historical averages, with an emphasis given to the experience of the trailing ten years.
	 Qualitative adjustments, when applied, usually serve to increase the correlations and volatility over and above the historical estimates (e.g., using the higher correlations usually observed during a volatile market).
	 We also make adjustments to the volatility based on the historical skewness of each asset class (e.g., increasing the volatility for an asset class that has been negatively skewed).
	 In the case of private markets and other illiquid asset classes where historical volatility and correlations have been artificially dampened, we seek public market equivalents on which to base our estimates before applying any qualitative adjustments.
	 These volatility and correlation expectations are then combined with our twenty-year return expectations to assist us in subsequent asset allocation work, including mean-variance optimization and scenario analyses.
	

	Meketa Investment Group 2017 Annual Asset Study:  Correlation Expectations
	Asset Class Expected Returns
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	Rebalancing Recommendations
	 Consider the following rebalancing moves into the PRIT General Allocation Fund:
	 $10 million from William Blair
	 $10 million from the Invesco Core Real Estate Fund
	 $20 million from the SSgA S&P 500 Index
	 $10 million from Loomis Sayles High Yield Bonds and Bank Loans
	 The Annual Appropriation in July (~$50 million).

	 These moves would bring the PRIT General Allocation to approximately 21% of the System’s total assets, and approximately 37% invested across all PRIT sleeves.
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	Meketa Investment Group Corporate Update
	 Staff of 133, including 87 investment professionals and 26 CFA Charterholders
	 155 clients, with over 250 funds throughout the United States
	 Significant investment in staff and resources
	 Offices in Boston, Chicago, Miami, Portland (OR), San Diego, and London
	 Clients have aggregate assets of over $980 billion
	 Over $60 billion in assets committed to alternative investments
	 Private Equity ( Infrastructure ( Natural Resources
	 Real Estate ( Hedge Funds ( Commodities
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