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Abstract

This supplementary online appendix to “The Effects of Spending Rules and Asset Allocation
on Non-Profit Endowments” contains four sections. Section A provides supplementary
results to the main analyses presented in the paper. It documents endowment growth and
spending trajectories for edge cases as well as equal allocation cases for both the SBBI and
Common asset classes. It also documents variability of endowment growth and spending
trajectories by reporting percentiles of their distribution. Section B documents statistics for
the asset returns in both SBBI and Common datasets. It reports means and standard
deviations of returns for each asset class, as well as the correlation among asset classes.
Section C derives the necessary breakeven return for the endowment to completely offset
spending in a given year. These breakeven return bounds are derived for each spending
policy studied in the paper. Finally, Section D provides a user guide on how to employ
simulation code used in the paper. This code can be adapted for the specific circumstances
of any endowment fund.
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A Supplemental Result and Figures

Edge Case Allocation Results

Figures 1-6 show the endowment growth, spending trajectory, and breakeven return for
edge case asset allocation based on the SBBI dataset:

Figure 1. Complete (100%) allocation to U.S. small cap stocks;

Figure 2. Complete (100%) allocation to U.S. large cap stocks;

Figure 3. Complete (100%) allocation to U.S. long-term corporate bonds;
Figure 4. Complete (100%) allocation to U.S. long-term government bonds;
Figure 5. Complete (100%) allocation to U.S. intermediate government bonds;
Figure 6. Complete (100%) allocation to U.S. Treasury Bills.

Figure 7 shows the endowment growth, spending trajectory, and breakeven return for an
equal allocation to the SBBI asset classes.

Figures 8-15 show the endowment growth, spending trajectory, and breakeven return for
edge case asset allocation based on the Common asset classes:

Figure 8. Complete (100%) allocation to domestic equity;

Figure 9. Complete (100%) allocation to international equity;
Figure 10. Complete (100%) allocation to emerging markets equity;
Figure 11. Complete (100%) allocation to fixed income;

Figure 12. Complete (100%) allocation to hedge funds;

Figure 13. Complete (100%) allocation to private equity;

Figure 14. Complete (100%) allocation to real estate;

Figure 15. Complete (100%) allocation to real assets.

Figure 16 shows the endowment growth, spending trajectory, and breakeven return for an
equal allocation to the Common asset classes.

Endowment Value and Spending Percentage Percentiles

Tables 1-4 show the 5t, 25t 50th, mean, 75, and 95t percentiles of theoretical endowment
and spending growth for the next two decades.

Table 1 shows endowment and spending growth for Harvard University; Table 2 for Yale
University; Table 3 for Stanford University; and Table 4 for Massachusetts Institute of
Technology.
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Figure 1
Complete portfolio allocation to U.S. small cap stocks

This figure shows the endowment and spending trajectory for a complete allocation to U.S.
small cap stocks. Panel A shows predicted endowment value, Panel B shows predicted
spending percentage, and Panel C shows breakeven return values over time under the five
spending rules.
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Figure 2
Complete portfolio allocation to U.S. large cap stocks

This figure shows the endowment and spending trajectory for a complete allocation to U.S.
large cap stocks. Panel A shows predicted endowment value, Panel B shows predicted
spending percentage, and Panel C shows breakeven return values over time under the five

spending rules.
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Figure 3

Complete portfolio allocation to U.S. long-term corporate bonds

This figure shows the endowment and spending trajectory for a complete allocation to U.S.
long-term corporate bonds. Panel A shows predicted endowment value, Panel B shows
predicted spending percentage, and Panel C shows breakeven return values over time under

the five spending rules.
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Figure 4
Complete portfolio allocation to U.S. long-term government bonds

This figure shows the endowment and spending trajectory for a complete allocation to U.S.
long-term government bonds. Panel A shows predicted endowment value, Panel B shows
predicted spending percentage, and Panel C shows breakeven return values over time under
the five spending rules.
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Figure 5

Complete portfolio allocation to U.S. intermediate government bonds

This figure shows the endowment and spending trajectory for a complete allocation to U.S.
intermediate government bonds. Panel A shows predicted endowment value, Panel B shows
predicted spending percentage, and Panel C shows breakeven return values over time under

the five spending rules.
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Figure 6

Complete portfolio allocation to the U.S. Treasury Bills

This figure shows the endowment and spending trajectory for a complete allocation to the
U.S. Treasury Bills. Panel A shows predicted endowment value, Panel B shows predicted
spending percentage, and Panel C shows breakeven return values over time under the five
spending rules.
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Figure 7
Equal allocation to SBBI asset classes

This figure shows the endowment and spending trajectory for an equal allocation to SBBI
asset classes. Panel A shows predicted endowment value, Panel B shows predicted spending

percentage, and Panel C shows breakeven return values over time under the five spending
rules.
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Figure 8

Complete allocation to domestic equity

This figure shows the endowment and spending trajectory for a complete allocation to
domestic equity. Panel A shows predicted endowment value, Panel B shows predicted
spending percentage, and Panel C shows breakeven return values over time under the five

spending rules.
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Figure 9

Complete allocation to international equity

This figure shows the endowment and spending trajectory for a complete allocation to
international equity. Panel A shows predicted endowment value, Panel B shows predicted
spending percentage, and Panel C shows breakeven return values over time under the five
spending rules.

Endowment Valus (§ millions)

80

80

Endowrment Valus vs. Time (100% Irvested in krbemational Equity) in Spending Percentage vs. Time (100% Invested in International Equity)
r ¥ : B : : - - : 2
Fula 1:B0%20% Tatin e Fule 1: B0%/20% Tobin Rule
il Rule 2: Flat 5%
Lroppfsinitiel rariionpor | FRule 3: 70%/30% Adjusted Tobin Rule
Fula 5 Witin Acceptable Band 4 55 Rula 4: B0%/20% Adjusted Tobin Rule
Rule 5: Within Acceptable Band
541
£ 53
o
£
9
2
@ 521
51+
’ ST
f I 1 J J 49
2 . L L o 3 = = 0 2 4 6 8 10 12 14 16 18 20

Time (years)

Panel A: Endowment Value

53}

o
na

&

Breakeven Returmn Values (%)
&
™ @

'S
®
T

4.7+

4.6

Time (years)

Panel B: Spending Percentage

quakavan Return Vglues ['IQO% Invested in Intnmlliqnal Equity) vs. Tima

Fule 1: B0%/20% Tobin Rule

Rule 2: Flat 5%

Rule 3: 70%/30% Adjusted Tobin Rule
Rule 4: 80%/20% Adjusted Tobin Rule
Rule 5: Within Acceptabla Band

4 ] 8 10 12 14 16 18 20
Time (years)

Panel C: Breakeven Return

© 2022 by Quraishi, Halem, Matveyev, Lo A-10

All Rights Reserved



Figure 10

Complete allocation to emerging markets equity

This figure shows the endowment and spending trajectory for a complete allocation to
emerging markets equity. Panel A shows predicted endowment value, Panel B shows
predicted spending percentage, and Panel C shows breakeven return values over time under

the five spending rules.
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Figure 11

Complete allocation to fixed income

This figure shows the endowment and spending trajectory for a complete allocation to fixed
income. Panel A shows predicted endowment value, Panel B shows predicted spending
percentage, and Panel C shows breakeven return values over time under the five spending

rules.
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Figure 12
Complete allocation to hedge funds

This figure shows the endowment and spending trajectory for a complete allocation to hedge
funds. Panel A shows predicted endowment value, Panel B shows predicted spending

percentage, and Panel C shows breakeven return values over time under the five spending
rules.
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Figure 13
Complete allocation to private equity

This figure shows the endowment and spending trajectory for a complete allocation to
private equity. Panel A shows predicted endowment value, Panel B shows predicted

spending percentage, and Panel C shows breakeven return values over time under the five
spending rules.
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Figure 14
Complete allocation to real estate

This figure shows the endowment and spending trajectory for a complete allocation to real
estate. Panel A shows predicted endowment value, Panel B shows predicted spending

percentage, and Panel C shows breakeven return values over time under the five spending
rules.
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Figure 15
Complete allocation to real assets

This figure shows the endowment and spending trajectory for a complete allocation to real
assets. Panel A shows predicted endowment value, Panel B shows predicted spending

percentage, and Panel C shows breakeven return values over time under the five spending
rules.
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Figure 16
Equal allocation to the Common asset classes

This figure shows the endowment and spending trajectory for an equal allocation to the
Common asset classes. Panel A shows predicted endowment value, Panel B shows predicted
spending percentage, and Panel C shows breakeven return values over time under the five

spending rules.
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Table 1. Harvard University

The following tables show two decades of growth for the 5th, 25th, 50th, mean, 75th, and
95th percentiles for Harvard’s endowment (Panel A) and Harvard’s spending percentage
across the five spending rules (Panel B).

Panel A: Endowment Growth

Harvard Endowment Growth Year1 |Vear2 |Vear3 |Year4 |Vear5 |Vear6 |Vear7 |Year8 |Vear9 |Vear 10 |Vear11 |Vear 12 |Vear 13 |Vear 14 |Vear 15 |Vear 16 |Vear 17 |Vear 18 |Vear 19 |Vear 20 |Vear21
5th Percentile (USD millions)

SR1 100.0 91.1 90.6 913 926 949 969 999 102.7 106.2 109.5 1133 118.2 123.0 128.1 134.7 140.7 146.9 153.6 160.0 167.5
SR2 100.0 91.1 909 919 935 963 986 1023 1050 108.8 1129 1169 1219 1264 131.8 138.6 1449 151.1 1582 1643 173.2
SR3 100.0 91.1 90.7 916 93.1 958 98.0 101.7 104.8 108.7 1129 117.1 1229 127.7 133.5 140.8 1475 1543 162.0 1689 178.4
SR4 100.0 91.1 90.6 914 929 953 97.6 100.8 103.9 107.7 1114 1156 121.0 126.2 131.8 139.0 1456 152.5 160.1 167.1 175.5
SRS 100.0 91.1 90.6 913 92.7 949 972 1004 103.6 107.1 111.0 1159 121.5 1259 132.5 140.7 147.8 1547 163.5 172.0 181.6
25th Percentile (USD millions)

SR1 100.0 99.6 103.2 107.9 112.8 1189 125.0 131.1 1388 1463 1557 163.7 173.6 183.9 194.8 206.7 218.3 232.4 246.5 261.4 278.2
SR2 100.0 99.6 103.2 107.8 112.6 118.6 124.5 130.6 137.7 1449 153.6 161.2 170.8 179.8 190.2 201.0 211.7 224.1 237.2 249.8 2653
SR3 100.0 99.6 103.3 108.1 113.2 119.5 1259 132.4 1404 1482 1579 1664 176.8 187.3 199.1 2113 223.1 237.8 2529 268.0 286.1
SR4 100.0 99.6 103.3 108.0 113.1 119.4 125.8 132.2 140.3 1482 158.1 166.7 177.3 188.3 200.0 212.6 225.1 240.5 255.8 272.0 290.4
SR5 100.0 99.6 103.3 108.1 113.4 1199 126.6 133.2 1418 1506 161.1 1709 181.6 193.5 206.5 220.2 233.3 248.7 265.7 283.2 303.5
50th Percentile (USD millions)

SR1 100.0 106.2 113.6 121.5 130.3 139.9 149.5 160.2 171.4 183.7 1983 212.7 227.7 243.7 2604 279.1 299.2 321.3 3433 368.0 3943
SR2 100.0 106.2 113.4 121.0 129.1 138.1 147.0 156.6 166.9 177.9 1909 203.4 216.8 230.9 2454 260.9 2785 297.0 316.4 337.0 359.1
SR3 100.0 106.2 113.6 121.6 130.6 140.3 150.1 160.9 172.3 1847 199.5 213.6 229.3 2457 262.6 281.2 301.7 323.8 347.2 3715 3984
SR4 100.0 106.2 113.6 121.6 130.7 140.5 150.5 161.5 173.2 186.0 2013 216.3 232.1 249.2 266.9 286.8 308.2 331.9 355.6 3823 410.6
SR5 100.0 106.2 113.7 121.9 131.2 1414 152.0 163.5 175.7 189.0 204.9 220.1 2364 2546 273.6 2939 316.2 339.8 3653 393.0 421.6
Mean Percentile (USD millions)

SR1 100.0 107.2 115.3 123.9 133.5 144.0 1553 167.5 180.4 1945 210.2 226.7 2445 263.9 285.0 307.5 331.8 3583 386.4 416.8 450.1
SR2 100.0 107.2 115.1 123.2 132.1 1419 152.1 163.0 1746 186.9 200.7 215.0 230.2 246.7 264.6 283.3 303.5 3253 3483 3729 399.8
SR3 100.0 107.2 115.4 124.1 133.7 1444 1557 168.0 181.1 1953 211.1 227.6 2455 264.9 286.0 308.4 332.7 359.1 387.2 417.4 4507
SR4 100.0 107.2 115.4 124.1 133.8 144.6 156.2 168.8 182.3 196.9 2133 230.6 249.3 269.7 292.0 3157 341.5 369.7 399.7 4322 468.0
SR5 100.0 107.2 115.5 124.3 1342 1452 157.0 169.8 1834 1982 2148 2323 251.2 271.8 2943 3183 3443 372.7 403.0 4358 471.8
75th Percentile (USD millions)

SR1 100.0 113.7 125.5 137.6 150.4 164.2 179.2 1953 2123 2309 251.7 271.8 2955 320.2 349.5 377.2 408.0 442.0 477.0 5133 556.1
SR2 100.0 113.7 125.0 136.3 148.2 160.7 174.1 188.0 203.1 219.4 236.9 254.2 273.8 2944 318.7 342.1 367.7 3947 4226 4513 4864
SR3 100.0 113.7 125.5 137.7 150.6 164.3 179.3 195.4 212.4 231.0 2514 271.8 2952 319.4 3489 376.2 407.2 4404 4747 5107 5529
SR4 100.0 113.7 125.6 137.8 150.8 164.9 180.3 196.8 214.4 2337 2553 276.4 301.2 327.0 357.7 387.0 419.8 4555 493.0 531.8 577.4
SR5 100.0 113.7 125.7 138.2 151.5 165.8 181.7 198.2 216.0 235.7 257.4 278.7 302.8 328.9 360.2 389.7 4229 458.1 497.1 5355 582.0
95th Percentile (USD millions)

SR1 100.0 126.8 146.2 164.5 1859 208.4 232.9 260.2 288.3 319.0 3525 390.3 430.1 479.1 5236 5753 632.2 6988 7619 836.8 927.2
SR2 100.0 126.8 145.2 162.2 181.4 201.0 223.1 245.9 270.0 2955 323.7 353.6 386.5 424.7 4604 500.8 547.6 596.2 6417 700.2 768.1
SR3 100.0 126.8 146.1 164.3 185.8 208.0 232.4 259.2 286.8 316.8 349.5 386.9 4252 4729 5164 566.5 623.0 687.3 7459 819.9 904.7
SR4 100.0 126.8 146.3 164.7 186.3 209.3 234.2 262.1 291.1 3227 357.4 396.5 4379 488.7 5353 589.6 649.5 718.6 7856 8649 960.5
SR5 100.0 126.8 146.4 164.9 186.6 209.1 2343 261.0 289.0 3199 3542 391.7 4319 480.1 5254 5773 637.1 703.0 765.6 8424 931.1

Panel B: Evolution of spending

Harvard Spending Growth Year 1 |Year 2 |Year 3 |Year 4 [Year 5 |Year 6 | Year 7 | Year 8 |Year 9 |Year 10 |Year 11 |Year 12 |Year 13 | Year 14 |Year 15 |Year 16 |Year 17 |Year 18 |Year 19 |Year 20
5th Percentile (%)

SR1 5.0 4.3 4.1 4.0 3.9 3.8 3.8 3.8 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 51 5.1 5.1 5.1 5.1 5.1 5.1 51 5.1 5.1 51 5.1
SR3 5.0 4.3 4.1 4.0 4.0 39 39 39 39 3.9 39 39 39 39 3.9 39 3.9 39 39 39
SR4 5.0 4.2 4.0 3.8 37 3.7 3.6 36 36 36 35 35 35 35 35 35 35 35 35 35
SRS 5.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
25th Percentile (%)

SR1 5.0 4.7 4.5 4.4 4.4 43 43 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.1 4.1
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.6 4.5 4.4 4.3 4.3 4.3 4.3 4.3 4.3 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2
SR4 5.0 4.6 4.4 4.3 4.2 4.1 4.1 4.1 4.0 4.0 4.0 4.0 3.9 3.9 3.9 3.9 39 3.9 3.9 3.9
SRS 5.0 4.5 4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
50th Percentile (%)

SR1 5.0 4.9 4.8 4.8 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.9 4.8 4.7 4.6 4.6 4.6 4.6 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
SR4 5.0 4.9 4.7 4.6 4.6 4.5 4.5 4.4 4.4 4.4 4.3 4.3 4.3 4.3 4.3 4.3 4.3 43 4.3 4.3
SRS 5.0 4.8 4.6 4.4 4.2 4.1 4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Mean Percentile (%)

SR1 5.0 4.9 4.9 4.8 4.8 4.7 4.7 4.7 4.6 4.6 4.6 46 4.6 4.6 4.6 4.6 46 4.6 4.6 4.6
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 51 5.1 5.1 5.1 5.1 5.1 5.1 5.1 51 5.1 5.1 5.1 5.1
SR3 5.0 4.9 4.8 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.5 4.5 45 4.5 4.5 4.5 4.5 45 4.5
SR4 5.0 4.9 4.8 4.7 4.6 4.5 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.3 4.3 43 43 4.3 4.3 4.3
SR5 5.0 4.8 4.7 4.6 4.5 4.4 4.4 4.4 4.3 4.3 43 43 43 4.3 4.2 4.2 4.2 4.2 4.2 4.2
75th Percentile (%)

SR1 5.0 5.2 5.2 5.1 5.1 5.1 5.1 5.0 5.0 5.0 5.0 5.0 5.0 4.9 4.9 5.0 4.9 4.9 4.9 4.9
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 5.1 5.0 5.0 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
SR4 5.0 5.1 5.1 5.0 4.9 4.9 4.8 4.8 4.8 4.8 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7
SRS 5.0 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.4 4.4 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3
95th Percentile (%)

SR1 5.0 5.5 5.7 5.7 5.8 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.6 5.6
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 5.4 5.5 5.4 5.4 5.4 5.3 5.3 5.3 5.3 5.3 53 5.3 5.3 5.3 5.3 53 5.3 5.3 5.3
SR4 5.0 5.5 5.6 5.6 5.6 5.5 5.5 5.5 5.4 5.4 5.4 5.4 5.4 5.3 5.3 5.3 53 5.3 5.3 5.3
SRS 5.0 5.6 5.8 5.8 5.8 5.7 5.7 5.6 5.5 5.5 5.4 5.3 52 5.2 5.2 5.2 5.2 5.1 5.1 5.1
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Table 2. Yale University

The following tables show two decades of growth for the 5th, 25th, 50th, mean, 75th, and
95th percentiles for Yale’s endowment (Panel A) and Yale’s spending percentage across the
five spending rules (Panel B).

Panel A: Endowment Growth

Yale Endowment Growth Year 1|Year2 |Vear3|Year4|Vear5 |Year6 |Vear7|Year8 |Vear9|Year 10]Year 11 |Vear 12[Year13 |Vear 14|Year15]Year 16|Vear 17|Year 18|Vear 19|Year ZOIYear 21
5th Percentile (USD millions)

SR1 100.0 85.7 82.8 824 821 829 842 855 873 89.2 913 94.5 97.2 998 1029 1055 1114 1149 1197 1239 1283
SR2 100.0 85.7 83.2 834 836 851 87.0 885 913 93.6 96.7 100.2 103.2 106.4 110.3 1145 119.8 1245 129.0 1339 139.6
SR3 100.0 85.7 83.0 82.7 828 839 857 873 895 91.9 94.8 98.7 1014 1052 108.7 112.6 118.7 123.2 1284 1343 139.0
SR4 100.0 85.7 829 826 824 834 848 863 884 90.5 92.9 96.5 99.5 102.6 106.2 109.1 115.5 119.6 125.1 129.9 1349
SR5 100.0 85.7 828 825 82.1 83.1 846 86.2 88.2 906  93.1 97.3 99.9 103.0 1074 111.0 116.8 121.9 1269 132.2 139.1
25th Percentile (USD millions)

SR1 100.0 97.1 99.8 103.3 107.9 113.5 119.4 125.5 131.2 138.9 146.8 154.6 164.0 173.6 182.6 194.1 207.2 219.5 2329 249.0 263.9
SR2 100.0 97.1 99.8 103.6 108.2 113.6 119.6 125.5 131.1 138.7 146.1 154.1 162.4 172.4 180.9 191.7 203.2 214.8 227.8 243.2 256.2
SR3 100.0 97.1 99.8 103.6 108.4 114.2 120.5 126.9 133.0 141.1 1494 157.8 167.1 177.8 187.2 199.3 212.8 226.1 2404 257.8 273.0
SR4 100.0 97.1 99.8 103.5 108.2 114.0 120.2 126.6 132.6 140.8 149.2 157.5 167.6 177.8 187.5 199.9 214.0 227.5 242.0 259.5 2759
SRS 100.0 97.1 99.8 103.6 108.2 114.4 120.6 127.3 133.8 142.0 150.8 159.8 170.0 180.6 190.7 203.5 217.5 230.9 245.7 263.5 280.9
50th Percentile (USD millions)

SR1 100.0 106.3 113.9 122.1 131.8 141.5 152.3 163.1 175.0 189.1 203.0 217.9 233.8 252.0 270.8 291.1 314.0 339.9 366.4 394.4 426.5
SR2 100.0 106.3 113.7 121.5 130.5 139.6 149.8 159.5 170.1 183.0 1953 208.8 223.3 239.3 255.7 2734 2932 3144 3373 3604 3894
SR3 100.0 106.3 114.0 122.3 132.0 141.9 153.0 163.9 175.9 189.8 203.8 219.3 2353 254.0 273.5 293.9 3174 342.7 3700 3969 4314
SR4 100.0 106.3 114.0 122.3 132.2 142.1 153.2 164.4 176.8 191.5 206.0 221.6 238.5 257.7 277.6 299.1 323.3 351.2 379.4 409.6 444.4
SRS 100.0 106.3 114.1 122.5 132.6 142.7 154.1 165.2 178.1 192.7 206.9 223.0 240.3 259.9 279.7 300.8 325.5 352.2 381.3 409.9 445.1
Mean Percentile (USD millions)

SR1 100.0 107.9 117.0 126.9 138.1 150.1 163.2 177.5 192.6 209.7 228.4 248.7 271.1 2953 322.8 3523 383.9 4199 4580 5003 546.1
SR2 100.0 107.9 116.7 126.1 136.5 147.5 159.4 172.1 1853 200.3 216.5 233.8 252.7 273.1 2959 320.1 345.8 3749 4053 438.8 4748
SR3 100.0 107.9 117.0 127.0 138.3 150.4 163.6 177.9 193.1 210.2 228.8 249.0 271.3 2954 322.6 351.8 383.0 418.6 456.1 497.7 542.8
SR4 100.0 107.9 117.0 127.1 138.5 150.7 164.2 178.9 194.5 212.3 231.7 252.8 276.2 301.7 330.5 361.5 3949 433.0 4733 5183 567.1
SRS 100.0 107.9 117.1 127.2 138.6 150.8 164.2 178.7 194.0 2114 230.4 2509 273.6 298.2 3259 355.7 387.6 4239 4622 5049 551.1
75th Percentile (USD millions)

SR1 100.0 116.9 130.9 145.0 159.9 176.6 194.4 213.5 232.5 255.0 280.6 308.2 336.3 367.7 402.4 439.7 481.6 528.7 577.0 629.8 689.7
SR2 100.0 116.9 130.3 143.5 157.2 172.2 187.6 204.5 221.3 240.3 262.8 285.9 308.8 335.8 363.8 395.5 427.5 467.4 505.0 547.7 594.9
SR3 100.0 116.9 130.9 145.0 160.1 176.6 194.4 213.2 232.2 254.4 279.8 307.6 335.0 365.7 400.0 437.7 477.6 5243 5704 6245 6829
SR4 100.0 116.9 131.0 145.2 160.3 177.3 195.5 215.1 234.8 2579 284.6 313.1 3424 3756 411.8 451.0 4949 5449 596.1 652.1 716.6
SR5 100.0 116.9 131.1 1454 160.7 177.9 195.7 215.0 2343 257.2 283.1 310.6 338.5 3713 406.0 444.5 486.7 5343 582.8 6373 6979
95th Percentile (USD millions)

SR1 100.0 135.4 160.4 186.7 216.0 244.9 279.7 319.2 358.7 401.1 450.7 510.2 567.3 635.1 717.1 802.4 883.1 986.0 1080.5 1209.8 1365.0
SR2 100.0 135.4 159.1 183.3 209.6 235.1 265.4 297.8 331.5 367.2 407.2 4543 501.1 553.9 618.0 677.8 744.5 817.7 896.2 987.6 1094.0
SR3 100.0 135.4 160.3 186.6 215.7 244.3 278.4 317.0 355.6 397.2 4453 503.6 558.3 6257 703.5 781.0 862.1 959.9 1053.3 1174.6 1316.9
SR4 100.0 135.4 160.4 186.9 216.6 2459 281.3 321.3 361.9 405.2 456.6 517.8 577.3 647.5 731.8 820.9 906.0 1013.0 1112.8 1247.9 1410.7
SRS 100.0 135.4 160.6 186.8 215.6 244.1 278.3 315.7 354.5 397.6 444.7 500.1 558.8 622.0 699.2 777.6 864.1 959.3 1055.8 1172.2 1318.9

Panel B: Evolution of spending

Yale Spending Growth Year 1]Year 2[Year 3[Year 4] Year 5[Year 6] Year 7[Year 8] Year 9] Year 10]Year 11[Year 12[Year 13]Year 14]Year 15]Year 16[Year 17]Year 18] Year 19]Year 20
5th Percentile (%)

SR1 5.0 4.1 3.8 3.7 3.6 35 3.5 35 35 3.4 34 3.4 3.4 34 3.4 3.4 34 3.4 3.4 34
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.1 3.9 3.8 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7
SR4 5.0 4.0 3.7 3.6 3.4 3.4 3.3 33 33 3.3 33 33 3.3 33 33 3.2 3.2 3.2 3.2 3.2
SR5 5.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
25th Percentile (%)

SR1 5.0 4.6 4.4 4.3 4.2 4.1 4.1 4.1 4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.5 4.4 4.3 4.2 4.2 4.2 4.2 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
SR4 5.0 4.5 4.3 4.1 41 4.0 3.9 3.9 3.9 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8
SR5 5.0 4.4 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
50th Percentile (%)

SR1 5.0 4.9 4.8 4.7 4.7 4.6 4.6 4.6 4.6 4.5 4.5 4.5 4.5 45 4.5 4.5 4.5 4.5 4.5 4.5
SR2 5.0 5.1 5.1 5.1 51 5.1 5.1 5.1 5.1 5.1 5.1 51 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.9 4.7 4.7 4.6 4.6 4.5 4.5 45 4.5 45 45 4.5 45 45 4.5 45 4.5 4.5 45
SR 4 5.0 4.9 4.7 4.6 4.5 4.5 4.4 4.4 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.2 4.3 4.2
SRS 5.0 4.8 4.6 4.4 4.3 4.2 4.2 4.2 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
Mean Percentile (%)

SR1 5.0 4.9 4.9 4.8 4.8 4.7 4.7 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.9 4.8 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.5 4.5 4.5 4.6 4.6 4.5
SR4 5.0 4.9 4.8 4.7 4.6 4.6 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 43
SRS 5.0 4.8 4.7 4.7 4.6 4.6 4.5 4.5 4.5 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4
75th Percentile (%)

SR1 5.0 53 5.3 53 53 5.2 5.2 5.2 5.2 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 5.2 5.1 5.1 5.0 5.0 5.0 4.9 4.9 4.9 49 4.9 4.9 4.9 49 4.9 4.9 4.9 4.9 4.9
SR4 5.0 5.2 5.2 5.1 51 5.0 5.0 4.9 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
SRS 5.0 5.2 5.2 5.1 5.0 4.9 4.8 4.8 4.8 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.6 4.7
95th Percentile (%)

SR1 5.0 5.8 6.0 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.1 6.2 6.2 6.2 6.1
SR2 5.0 5.1 5.1 5.1 5.4 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 5.6 5.7 5.8 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6
SR4 5.0 5.8 5.9 6.0 6.0 6.0 6.0 6.0 59 5.9 59 59 5.9 5.8 5.8 5.8 5.8 5.8 5.8 5.8
SR 5 5.0 5.9 6.2 6.3 6.3 6.2 6.2 6.1 6.1 6.0 6.0 6.0 6.0 5.9 5.9 5.9 5.9 5.9 5.9 5.9
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Table 3. Stanford University

The following tables show two decades of growth for the 5th, 25th, 50th, mean, 75th, and
95th percentiles for Stanford’s endowment (Panel A) and Stanford’s spending percentage
across the five spending rules (Panel B).

Panel A: Endowment Growth

Stanford Endowment Growth | Year 1 [Year2[Year 3 [Year 4 [Years [Year 6 | Year 7[Year 8 [Year 9 [Year 10 Year 11]Year 12| Year 13[Year 1a[vear 15[Vear 16[Vear 17| Year 18] vear 19]Year 20[vear 21
5th Percentile (USD millions)

SR1 1000 87.0 845 83.6 832 847 858 879 888 916 944 975 984 1021 1050 1085 1123 117.1 1218 127.1 1332
SR2 1000 87.0 848 844 846 865 885 908 93.0 959 995 1024 103.7 1086 1124 1165 1197 1261 1316 137.4 143.7
SR3 1000 87.0 845 83.9 83.7 856 872 89.6 911 943 979 1013 102.8 1074 1108 1158 119.4 1245 1312 1372 1444
SR4 1000 87.0 845 83.8 83.5 851 8.5 887 89.8 93.0 961 995 1007 1049 1082 1123 1163 1219 127.2 133.1 140.0
SRS 1000 87.0 844 83.6 832 845 863 882 89.8 927 962 997 1007 1054 1083 1127 1177 1231 129.0 1364 1435
25th Percentile (USD millions)

SR1 1000 97.6 100.5 104.3 109.0 1142 1189 1243 131.0 138.0 1456 1536 163.3 1724 1825 1931 2057 217.4 2293 2429 256.0
SR2 1000 97.6 1005 104.3 109.2 114.4 119.1 1244 131.0 1377 1452 1529 161.9 1702 179.9 189.6 2017 212.9 2242 236.8 2485
SR3 1000 97.6 100.6 104.5 109.4 114.9 1200 1257 132.8 139.9 148.2 1565 1664 176.0 1865 1980 2116 2240 2367 251.8 265.0
SR4 1000 97.6 100.6 104.4 109.3 1147 119.7 125.4 132.5 139.8 147.9 1567 166.7 176.6 187.4 1989 2123 2251 2380 253.0 267.5
SRS 100.0 97.6 100.6 104.4 109.4 114.9 1202 126.4 133.5 1414 149.9 1589 169.4 179.5 1907 203.2 2163 2307 2440 259.1 273.9
50th Percentile (USD millions)

SR1 1000 1062 113.5 122.1 131.0 140.5 150.9 162.5 173.8 186.6 200.2 2152 231.0 2464 2655 283.9 3056 328.0 3527 380.0 407.7
SR2 1000 106.2 113.3 121.6 120.9 138.8 1485 158.8 169.0 180.3 192.8 206.1 220.1 2337 250.4 266.5 2851 303.9 3256 3495 3715
SR3 1000 106.2 113.6 122.3 131.3 141.0 1515 163.3 1747 187.7 201.6 2165 232.6 2481 267.8 2865 3079 330.3 3559 383.9 4112
R4 1000 106.2 113.6 122.3 131.4 1411 1519 163.9 1756 189.0 203.3 2190 2357 2520 2721 2918 3150 3387 3651 3946 424.6
SRS 1000 106.2 113.6 122.6 131.8 1419 153.1 165.2 177.2 190.7 205.1 2212 237.7 2541 2746 2941 3179 3418 368.2 398.3 4284
Mean Percentile (USD millions)

SR1 1000 107.7 1162 125.8 1363 148.1 160.6 174.1 188.7 204.8 222.2 2414 262.1 2837 308.1 3338 3627 3951 429.8 467.9 507.4
SR2 1000 107.7 115.9 125.0 1348 1456 157.0 169.0 181.9 1960 2111 2275 2451 2632 2835 3048 3285 3549 3828 4133 4443
SR3 1000 107.7 116.2 126.0 136.5 148.4 161.0 174.6 189.2 205.4 222.8 2419 262.6 284.1 308.3 333.8 3625 394.6 4289 466.6 505.5
SR4 1000 107.7 1163 126.0 136.7 1487 161.6 175.5 190.6 207.4 2254 2454 267.1 289.8 3155 342.6 373.1 407.5 4443 4849 527.1
SRS 100.0 107.7 1163 126.1 136.8 148.9 161.7 175.5 190.4 207.0 224.8 2443 265.6 287.7 3127 3391 3687 4019 4375 476.6 517.0
75th Percentile (USD millions)

SR1 1000 116.1 129.3 1431 157.9 173.8 190.9 208.8 2285 250.7 2743 2985 322.5 3513 3820 4160 4539 494.8 5387 5869 637.0
SR2 1000 116.1 128.6 141.5 1551 169.6 185.0 200.3 218.4 2363 256.2 2762 297.4 320.8 3457 3742 4065 439.7 4744 5122 553.8
SR3 1000 116.1 129.3 143.1 157.9 173.8 191.1 208.7 228.6 250.2 273.4 297.1 321.8 349.8 3807 413.0 4513 4921 5355 5823 6315
SR4 1000 116.1 129.4 1433 1583 174.5 192.0 210.5 230.7 253.5 278.0 3033 3285 3586 3909 4266 466.5 5103 556.8 607.4 661.4
SRS 1000 116.1 129.5 143.6 158.7 175.1 192.6 210.8 231.4 253.8 276.9 3017 327.2 3559 387.7 422.6 4623 504.8 549.9 601.0 6518
95th Percentile (USD millions)

SR1 100.0 133.4 156.6 181.1 206.3 238.0 269.0 305.6 339.6 3823 423.3 4739 5304 5932 6553 730.0 814.8 899.6 1010.9 1114.0 12319
SR2 1000 133.4 1553 177.9 200.7 228.4 254.8 285.9 313.9 350.3 383.5 4251 470.9 5182 5705 6243 6877 752.3 840.4 909.4 996.1
SR3 1000 133.4 156.5 181.1 206.0 237.0 267.8 303.8 3363 378.3 419.0 4680 524.2 5816 6458 717.6 7959 878.8 984.9 1084.9 1198.2
SR4 1000 133.4 156.7 181.4 206.9 239.0 270.5 307.7 342.8 386.7 429.0 4807 539.1 604.9 669.2 747.3 8351 9247 10423 1150.0 12755
SRS 100.0 133.4 156.8 181.5 206.4 237.5 267.9 303.6 336.6 377.4 419.5 468.1 525.6 5815 6483 717.4 794.6 879.2 992.8 1086.7 1203.0

Panel B: Evolution of spending

Stanford Growth Year1 |Vear 2 |Vear 3 |Vear4 |Vear 5 |Vear 6 |Vear 7 |Vear8 |Vear9 |Vear 10 |Vear 11 |Vear 12 |Vear 13 |Vear 14 |Vear 15 IVear 16 |Vear 17 |Vear 18 |Vear 19 |Vear 20
Sth Percentile (%)

SR1 5.0 4.1 3.9 3.8 3.7 3.6 3.6 3.6 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.2 4.0 3.9 3.8 3.8 3.8 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7
SR4 5.0 4.1 3.8 3.6 3.5 3.5 34 34 34 3.4 3.4 33 33 33 33 33 33 33 33 33
SR5 5.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
25th Percentile (%)

SR1 5.0 4.6 4.4 4.3 4.2 4.2 4.2 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.6 4.4 4.3 43 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2
SR4 5.0 4.5 43 4.2 4.1 4.0 4.0 4.0 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.8 3.9 3.8 3.8 3.9
SR5 5.0 44 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
50th Percentile (%)

SR1 5.0 4.9 4.8 4.7 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.9 4.7 4.7 4.6 4.6 4.6 4.6 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
SR4 5.0 4.9 4.7 4.6 4.5 4.5 4.4 4.4 4.4 4.4 43 43 43 43 43 43 43 43 4.3 43
SRS 5.0 4.8 4.6 4.4 4.3 4.2 4.2 4.2 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1
Mean Percentile (%)

SR1 5.0 4.9 4.9 4.8 4.8 4.7 4.7 4.7 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.9 4.8 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6
SR4 5.0 4.9 4.8 4.7 4.6 4.6 4.5 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4
SRS 5.0 4.8 4.7 4.6 4.6 4.5 4.5 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4
75th Percentile (%)

SR1 5.0 53 53 5.2 5.2 5.2 5.2 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 5.2 5.1 5.0 5.0 5.0 5.0 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9
SR4 5.0 5.2 5.2 5.1 5.0 5.0 5.0 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
SR5 5.0 5.2 5.2 5.1 5.0 4.9 4.8 4.8 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6
95th Percentile (%)

SR1 5.0 5.8 6.0 6.0 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.0 6.0 6.0 6.1 6.0
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 5.6 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.6 5.5 5.6 5.6 5.6 5.5 5.5 5.5 5.6 5.6 5.5
SR4 5.0 5.7 5.8 5.9 5.9 5.9 5.9 5.8 5.8 5.8 5.7 5.8 5.8 5.7 5.7 5.7 5.7 5.7 5.7 5.7
SR5 5.0 5.9 6.1 6.2 6.2 6.1 6.1 6.0 6.0 5.9 5.9 5.9 5.9 5.8 5.8 5.8 5.8 5.8 5.8 5.8
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Table 4. Massachusetts Institute of Technology

The following tables show two decades of growth for the 5th, 25th, 50th, mean, 75th, and
95th percentiles for MIT’s endowment (Panel A) and MIT’s spending percentage across the
five spending rules (Panel B).

Panel A: Endowment Growth

MIT Endowment Growth Year 1]Year 2[Year 3[Year 4] Year 5[Year 6 Year 7] Year 8 Year 9] Year 10]Year 11]Year 12 Year 13[Year 14]Year 15[Year 16 Year 17| Year 18] Year 19]Year 20[Year 21
5th Percentile (USD

SR1 100.0 89.1 86.9 86.5 87.1 88.0 90.7 92.8 942 97.0 99.5 1025 106.6 109.9 113.6 116.3 120.5 126.2 1316 137.6 143.7
SR2 100.0 89.1 87.2 87.2 885 90.1 928 955 97.2 1004 1042 107.0 111.1 1153 1194 123.2 1283 133.6 139.1 1453 1522
SR3 100.0 89.1 87.0 86.8 87.7 89.0 92.1 946 96.3 99.5 103.1 1063 110.8 114.7 119.1 123.2 1283 1341 140.1 146.3 154.1
SR4 100.0 89.1 86.9 86.6 87.3 884 914 93.7 953 98.4 1013 1046 109.0 112.7 116.9 1203 1249 1314 1373 144.0 1507
SRS 100.0 89.1 86.9 86.4 87.0 88.1 90.7 932 947 98.0 100.7 103.6 1083 1124 116.6 121.1 126.5 133.2 138.9 1452 152.8
25th Percentile (USD millions)

SR1 100.0 98.4 101.5 105.2 109.5 114.8 120.0 126.1 132.3 139.2 1463 1549 163.1 173.2 183.4 1925 2024 2143 2253 2384 2533
SR2 100.0 98.4 101.5 105.3 109.5 114.8 119.8 126.1 132.1 138.7 1454 153.8 1613 171.2 180.7 189.4 198.9 209.0 219.8 232.0 244.8
SR3 100.0 98.4 101.5 105.4 109.9 1155 120.9 127.4 134.1 1411 1486 157.7 166.3 177.0 187.7 197.7 208.1 2204 2323 246.1 261.2
SR4 100.0 98.4 101.5 105.3 109.8 115.4 120.8 127.2 133.8 141.1 1486 157.8 166.6 177.4 188.2 1982 209.0 221.8 234.1 2483 2645
SR5 100.0 98.4 101.5 105.3 110.0 115.5 121.5 128.1 1353 143.0 150.8 160.6 169.9 181.6 192.7 204.0 215.2 228.6 240.7 257.5 272.8
50th Percentile (USD millions)

SR1 100.0 106.1 113.3 120.9 129.2 137.8 147.5 157.4 168.8 180.1 192.8 206.2 220.7 236.7 253.0 270.7 2904 311.0 3319 355.1 380.8
SR2 100.0 106.1 113.1 120.2 128.1 136.2 145.1 154.2 164.9 175.1 186.8 1983 210.8 225.6 239.8 255.0 272.2 289.8 307.7 3273 3494
SR3 100.0 106.1 113.4 121.0 129.5 138.3 148.1 158.1 169.9 181.5 194.6 207.9 222.1 239.4 255.6 273.8 293.6 3144 3354 359.4 386.0
SR4 100.0 106.1 113.4 121.1 129.6 138.4 148.4 158.7 170.5 182.4 195.7 209.9 225.0 2421 259.4 2783 299.2 321.1 3439 368.7 396.6
SR5 100.0 106.1 113.4 121.3 130.1 139.3 149.5 160.5 172.5 1853 1984 212.8 2283 246.3 2643 283.6 304.6 327.5 351.0 375.1 4054
Mean ile (USD

SR1 100.0 107.3 115.4 124.1 133.5 144.0 155.3 167.3 180.6 194.8 209.7 226.2 244.1 2633 284.2 307.3 331.2 357.0 3857 416.8 450.1
SR2 100.0 107.3 115.1 123.4 132.1 141.8 152.1 162.9 174.7 187.3 200.2 214.5 229.8 246.2 263.9 283.2 303.0 3242 347.7 373.0 399.8
SR3 100.0 107.3 115.4 124.2 133.7 144.4 155.7 167.9 1813 195.6 210.6 227.1 2450 2643 285.2 308.3 332.2 3579 386.5 417.5 450.6
SR4 100.0 107.3 115.4 124.3 133.9 144.6 156.2 168.6 182.4 197.2 212.8 230.1 248.8 269.0 291.2 315.6 341.0 368.4 399.0 4323 4679
SR5 100.0 107.3 115.5 124.4 134.1 1450 156.7 169.1 183.0 197.8 213.4 230.7 2493 269.5 2915 3158 341.0 368.2 3985 4315 466.7
75th Percentile (USD millions)

SR1 100.0 115.1 127.2 138.9 151.6 166.6 181.4 197.2 214.9 2349 2539 2743 299.0 324.1 350.5 380.7 409.7 442.2 4804 5219 563.6
SR2 100.0 115.1 126.6 137.6 149.3 162.9 176.1 190.2 205.7 222.4 239.1 256.4 277.0 298.2 320.3 3453 368.3 3954 427.6 459.5 492.7
SR3 100.0 115.1 127.2 139.0 151.7 166.8 181.6 197.4 215.0 234.7 254.0 273.8 298.4 323.5 3499 379.3 4084 4403 479.6 5194 5604
SR4 100.0 115.1 127.3 139.1 152.0 167.3 182.5 198.7 217.0 237.7 257.6 278.8 304.7 330.8 358.6 390.9 421.4 456.3 496.7 541.0 5855
SR5 100.0 115.1 127.4 139.5 152.7 168.2 183.5 199.9 218.4 238.6 258.8 280.2 305.3 331.8 359.3 3914 421.7 457.7 4984 541.7 584.7
95th Percentile (USD millions)

SR1 100.0 129.7 151.0 172.5 196.8 219.8 247.5 276.1 306.4 344.2 378.1 4184 460.2 505.5 555.5 614.6 674.6 7449 817.4 910.4 1014.9
SR2 100.0 129.7 149.8 169.9 191.7 211.7 235.2 260.0 286.7 315.3 345.2 376.9 410.7 4475 4874 5341 5813 6335 6926 7549 830.1
SR3 100.0 129.7 150.9 172.4 196.6 219.2 246.6 274.6 305.0 341.3 3752 414.0 453.8 500.2 546.4 605.1 664.4 731.4 8024 889.1 989.9
SR4 100.0 129.7 151.1 172.7 197.3 220.7 249.0 278.2 309.3 348.1 383.2 4249 4685 5157 567.7 629.5 692.8 766.0 8426 941.4 1051.9
SR5 100.0 129.7 151.2 173.2 197.4 220.4 247.4 276.1 307.2 342.7 3787 417.7 459.1 505.9 553.7 6128 6715 743.6 816.8 907.0 1009.0

Panel B: Evolution of spending

MIT ing Growth Year1 |Vear2 |Vear3 |Vear4 |Vear5 |Vear6 |Vear7 IYearS IYearS |Yearlo |Vear11 |Vear 12 |Vear13 |Vear14 |Vear15 |Vear 16 IYear17 |Vear18 |Vear 19 IVearzo
5th Percentile (%)

SR1 5.0 4.2 4.0 3.9 3.8 3.7 3.7 3.7 3.7 3.6 3.7 3.7 3.7 3.6 3.6 3.6 3.6 3.6 3.6 3.6
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 43 4.1 4.0 3.9 3.9 3.9 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8
SR4 5.0 4.2 3.9 3.8 3.6 3.6 3.5 3.5 3.5 3.5 3.5 35 3.5 3.4 3.4 34 3.4 3.4 34 34
SRS 5.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
25th Percentile (%)

SR1 5.0 4.6 4.5 4.4 43 4.3 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.1 4.1 4.1 4.2
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.6 4.5 4.4 43 43 43 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2
SR4 5.0 4.6 4.4 4.3 4.2 4.1 4.1 4.0 4.0 4.0 4.0 4.0 4.0 3.9 3.9 3.9 3.9 3.9 3.9 3.9
SRS 5.0 4.4 4.1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
50th Percentile (%)

SR1 5.0 4.9 4.8 4.8 4.7 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.9 4.8 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
SR4 5.0 4.9 4.8 4.7 4.6 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.4 43 43 43 43 43 43 4.3
SRS 5.0 4.8 4.6 4.4 43 4.2 4.2 4.1 4.1 4.1 4.1 4.1 4.1 4.0 4.1 4.0 4.0 4.0 4.0 4.0
Mean Percentile (%)

SR1 5.0 4.9 4.9 4.8 4.8 4.8 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.6 4.6 4.6 4.6
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 4.9 4.8 4.7 4.7 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6
SR4 5.0 4.9 4.8 4.7 4.6 4.6 4.5 4.5 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4
SRS 5.0 4.8 4.7 4.6 4.6 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.3 4.3 4.3 4.3 4.3 4.3
75th Percentile (%)

SR1 5.0 5.2 5.2 5.2 5.2 5.2 5.2 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.0 5.1
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 5.1 5.1 5.0 5.0 5.0 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9
SR4 5.0 5.2 5.1 5.1 5.0 5.0 4.9 4.9 4.9 4.9 4.9 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8
SR5 5.0 5.2 5.1 5.1 4.9 4.8 4.8 4.7 4.6 4.6 4.6 4.6 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
95th Percentile (%)

SR1 5.0 5.7 5.8 5.9 5.9 6.0 6.0 6.0 6.0 6.0 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.9
SR2 5.0 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
SR3 5.0 5.5 5.6 5.6 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.4 5.4 5.4 5.4 5.5 5.5 5.4 5.5 5.4
SR4 5.0 5.6 5.7 5.8 5.8 5.8 5.7 5.7 5.7 5.7 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.5
SRS 5.0 5.7 5.9 6.1 6.0 6.0 6.0 5.9 5.9 5.8 5.8 5.7 5.6 5.6 5.6 5.6 5.5 5.6 5.5 5.5
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B Asset Return Data

This section shows statistics for the return data used in the paper. Table 5 shows means and
standard deviations for the SBBI asset classes. Table 6 shows means and standard deviations
for the Common asset classes. Table 7 shows correlations of returns within SBBI asset
classes, and Table 8 shows correlations of returns within Common asset classes.

Table 5
Summary statistics for returns on the SBBI asset classes
Ibbotson
Sf:: I;S SmgilS.Stk US. LT US.LT US.IT Gvt | U.S. 30 Day
Statistic StockgTR TR Corp TR Gvt TR TR TBill TR
USD (%Total | (%0Total | (%Total | (%Total (%Total
(%Total | Return) Return) | Return) Return) Return)
Return)
Monthly Mean 1.0% 1.2% 0.5% 0.5% 0.4% 0.3%
Monthly STD 5.4% 8.1% 2.2% 2.5% 1.2% 0.3%
Annualized Mean 12.1% 16.0% 6.5% 6.1% 5.2% 3.3%
Annualized STD 18.7% 28.2% 7.5% 8.5% 4.3% 0.9%
Table 6

Summary statistics for returns on the Common asset classes

MSCI Private
MSCI | AcwiEm Dow | parclays | Equity S&P
World Jones S&P Real
i Russell Investable Hedge (BX,
Statistic IMI Corporate Global | Assets
3000 Market Fund CG,
Index Bond REITs | (RA)
(usp) | Imdex Index Index | KKR, Index
(IMI) APO)
Monthly Mean 1.1% 0.7% 0.8% 0.5% 0.7% 1.5% 0.8% 1.9%
Monthly STD 4.5% 4.4% 4.9% 1.8% 2.1% 104% | 4.7% | 16.4%
Annualized Mean | 13.4% | 9.2% 10.2% 6.7% 8.2% 20.0% | 9.7% | 25.3%
Annualized STD 15.4% | 15.2% 17.0% 6.1% 7.1% 36.0% | 16.1% | 56.8%
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Return correlation between asset classes in the SBBI dataset

Table 7

Ibbotson
SBBI US U.S. Small US.LT US.LT US.IT Gvt | U.S. 30 Day
. Large Stock Stk TR Corp TR Gvt TR TR TBill TR
Correlation
TR USD (%Total (%Total (%Total (%Total (%Total
(%Total Return) Return) Return) Return) Return)
Return)
Ibbotson SBBI
US Large Stock
TR USD 100.0% 83.2% 18.3% 6.2% 5.0% 0.0%
(%Total
Return)
U.S. Small Stk
TR (%Total 83.2% 100.0% 13.1% 0.0% -0.3% 0.0%
Return)
U.S. LT Corp
TR (%Total 18.3% 13.1% 100.0% 82.4% 70.7% 0.0%
Return)
US.LT Gvt TR
(%Total 6.2% 0.0% 82.4% 100.0% 82.1% 0.0%
Return)
US.IT Gvt TR
(%Total 5.0% -0.3% 70.7% 82.1% 100.0% 0.0%
Return)
U.S. 30 Day
'(l;]/?ll,lo'lt‘; 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%
Return)
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Table 8

Return correlation between Common asset classes

MSCI Mscl Dow Private S&P
World ACWIEM Jones Barclays Equity S&P Real
. Russell Investable Hedge
Correlation 3000 IMI Market Corporate Fund (BX, CG, | Global Assets
Index Index Bond Index KKR, REITs (RA)
UusSD Index APO Index
(IMI)
Russell 3000 | 100.0% | 95.8% 87.6% 31.7% 6.3% 75.6% 11.9% -10.5%
MSCI World
IMI Index 95.8% 100.0% 91.6% 37.8% 3.4% 79.0% 12.0% -9.8%
(USD)
MSCI ACWI
EM
Investable 87.6% 91.6% 100.0% 39.4% 1.7% 78.5% -5.5% -3.6%
Market
Index (IMI)
Dow Jones
Corporate 31.7% 37.8% 39.4% 100.0% -2.5% 32.6% 8.0% 6.7%
Bond Index
Barclays
Hedge Fund 6.3% 3.4% 1.7% -2.5% 100.0% 5.8% 5.5% 7.7%
Index
Private
gg“l'(tlyﬂ({BX' 75.6% | 79.0% |  785% 32.6% 58% | 100.0% | -133% | 1.6%
APQ)
;i‘fT(;IObal 11.9% | 12.0% -5.5% 8.0% 5.5% 133% | 100.0% | 6.3%
S&P Real
Assets (RA) -10.5% -9.8% -3.6% 6.7% 7.7% 1.6% 6.3% 100.0%
Index
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C Breakeven Return Value Derivations for each Spending Rule

We take s;, to be the amount the endowment spent, under rule i, at time t. W;, is the total
value of the endowment under rule i, at time £. b;; is the necessary breakeven return for the

endowment to completely offset spending for that year under rule i and at time .

SR 1: 80/20 Tobin Rule
S1c=08%5s;, 1+ 02x(0.0525*W,, ;)

Wiesr = by x (Whe —s1) > Wiy
bl,t * Wl,l' - bl,t * (0.8 * Sl,t—l + 0.2 * (0.0525 * Wl,t—l)) > Wl,l'

by, * (W1,t — 0.8 %5141 —0.0105* Wl,t—l) > Wy,

Wi
Wl,l' - 0.8 * Sl,t—l - 0.0105 * Wl,l'—l

bl,t > - 1

SR 2: Flat 5%
Syt = 0.05%« W, 4
Waes1 = by ¥ (Wop — 550) > Wy
byt * Wy — by * (0.05 * Wz,t—l) > W,
byex (Wye —0.05 Wy, 1) > Wy,

Wt

-1
Wz,t - 0.05 * Wz,t—l

bZ,l’ >

SR 3: 70/30 Adjusted Tobin Rule
S3 =07 %83, 4 +03* (0.05 * W3,t_1)
Wi 1 = by x (Wap — s3,) > W,
byt W3, — b3 * (0.7 *S3.-1 + 0.3 * (0.05 * W3,t_1)) > Wi,

b3,t * (W3,l' - 0.7 * 53,1:_1 - 0.015 * W3,l'—1) > W3,l'
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b > W3,t 1
3’1: W3,t - 0.7 * 53,1:_1 - 0.015 * W3,l'—1

SR 4: 80/20 Adjusted Tobin Rule
S4r =08%5,, 1 +02x(0.051%W,, ;)
Witer = Doy * (W4-,t - 54,t) > Wyt
byp* Wye— by, * (0.8 % Spe_1 +0.2%(0.051 W“_l)) > W,,

by, * (W4,t — 0.8 5,1 —0.0102 % W4,t_1) > W,

Wyt

-1
W4,t - 0.8 * 54’1:_1 - 0.0102 * W4,t—1

b4-,t >

SR 5: Within Acceptable Band
0.04 W5, 1 <s5¢<0.0625* Ws5,_4
Wsi41 = bS,t * (WS,t - SS,t) > Ws
bs, * (W — 0.04 % W5 ,_1) > Ws,

Ws ¢

-1
WS,t - 0.04 * WS,t—l

bs: >

bS,t * (WS,t - 0.0625 * WS,t—l) > WS,t

Ws ¢

-1
WS,t - 0.0625 * WS,t—l

bs: >
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D How to Use the Simulation Code

Matlab Toolboxes

The simulation code is run in Matlab. Try to have the most up to date version of Matlab when
running the simulations. The code requires downloading two toolboxes from Mathworks
that are add-ons to the basic Matlab download: “Statistics and Machine Learning Toolbox”
and “Financial Toolbox.”

Asset Class Data from Excel

Using the “xlsread” function, import Excel spreadsheets containing annual returns data for
different asset classes. Please perform any data processing ahead of the import and remove
any blank values as this may impact the calculation of correlation matrices. Then, determine
which subset, if any, of these asset classes should be used for the simulations. Please ensure
the same years are aligned in the same rows on the spreadsheet. Examples of how to choose
a subset of asset classes is in the Matlab code.

Time Horizon

Input the number of years that the simulations should project out to. For example, the
current input in the code is 20 which means the simulation projects out 20 years of
endowment values with different spending policies.

Number of Spending Rules

Input the number of spending rules the simulations should run through. There are currently
five in the code, but one can choose fewer to analyze.

Initial Endowment Value and Spending Percentage

Input the initial endowment value in USD millions and initial spending percentage.
Simulations are based off of these initial inputs to model how endowment value and
spending percentage change over the desired time horizon or over different asset class
weightings.
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Number of Monte Carlo simulations

Input the desired of Monte Carlo simulations, which will determine how many trials of
random returns are run to determine endowment value and spending percentages. Monte
Carlo simulations rely on repeated random sampling, so a higher number of trials will yield
amore “random” sample of asset class returns and better simulate future market returns.

Inflation Percentage

Input the desired percentage for inflation based on historical data and investor judgement.
Currently, the inflation percentage is set at 2%.

Asset Class Weighting Allocation

Input sets of asset class weightings to test. A weight must be assigned to each asset class
imported from the Excel spreadsheet, even if the weight is 0. The weights are stored in an
array and can be changed, but they must add up to 1, and the sum is checked by the
“sumWeightings” variable. Input these weightings into the “weightings” variable in the order
in which they are listed in the Excel spreadsheet.

Putting it Together: How the simulations work

The simulations occur in the “Main Endowment Function” section. With the inputs of initial
endowment value and spending percentage, we use the lognormally distributed historical
return data and covariance matrix to generate random returns data for the future out to the
desired time horizon. We use the “mvnrnd” function to choose random return vectors from
a multivariate normal distribution. Then, we exponentiate these returns to bring them back
to a lognormal distribution.

The investment contributions from each asset class are summed for each year to get total
endowment value for that year. This “main endowment function” repeated over the inputted
number of Monte Carlo simulations.
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