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Interest Rate Sensitivity: Concepts and Notation

@ Duration D of value V: contemplate a level shift of interest rates r

10V
Dy =-——22
v V or

» Duration of a 10-year zero-coupon Treasury bond? 10 years

@ Stock price E of a life insurer:
E= A-L + _F
——

net assets  franchise

» Duration of the stock price E of a life insurer:

A—L F
Deg = Da—1 + =DF

E E
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This Paper

“How exposed are life insurers to interest rate risk,

through their net assets and franchise, and why?”

e Institutions of systemic importance!
o A natural question to ask given:

» Liabilities: issuance and servicing of life insurance policies and annuities (opaque)
= 7% of U.S. household financial assets
> Assets: investing into bonds and mortgages (transparent)

= about 25% of all outstanding corporate bonds

e Expert risk managers: maturity matching? Risk-shifting = statutory regulation and filings
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e Measurement: when interest rates fall by 1%...

1. net assets fall by $121 billion or 26% in 2019 = negative duration of net assets
Novel method based on regulatory micro data
= direct estimate of duration of liabilities of every U.S. life insurer between 2001 and 2020
2. spread between investing and borrowing interest rates compresses by 0.5%
Estimate the annuity yield curve
= incomplete pass-through from bond market interest rates to annuity interest rates
e Theory of interest rate risk-taking behavior:
3. spread between regulatory and borrowing interest rates widens by 0.35%
Model of a life insurer featuring statutory regulation
= regulatory hedging motives overpower economic hedging motives!

Empirical evidence, policy recommendations, broader implications
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e Life insurers’ risk-taking: credit risk Becker and Ivashina (2015),
stock market risk Koijen and Yogo (2021), interest rate risk Ozdagli and Wang (2019)

= alleviate roadblock on research about interest rate risk

e Measuring interest rate risk: Begenau, Piazzesi, and Schneider (2020), Mohlmann (2021)
= lack of maturity and fair value information of life insurers’ liabilities
o Interest rate hedging: Drechsler, Savov, and Schnabl (2017, 2021), Di Tella and Kurlat (2021)

= life insurers’ do not hedge franchise with net assets but amplify!

o Risk management and regulation: Sen (2021)

= regulatory treatment of franchise

Maximilian Huber (NYU) Regulation-Induced Interest Rate Risk Exposure January 2022 6 /25



1. Net Assets A — L

(NYU)



Duration of Net Assets

@ Duration of net assets Da_; and duration gap G:
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Duration of Net Assets

@ Duration of net assets Da_; and duration gap G:

1 0A-L A
Da_y = — ( )= (DA

L
— — >
A—L Or AL ADL)<O

=G

o Estimate D4 from the transparent data on the assets

e Estimate D; from the opaque statutory accounting data on the liabilities
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Duration of Assets

Government Bonds
Corporate Bonds

Mortgages
. Loans

B Stocks
B Cash

Assets ($ trillion)

Asset allocation (Source: ACLI)
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Duration of Assets

Government Bonds Industry Aggregate
Corporate Bonds 50% of Assets
MBS 90% of Assets
Loans 12y
Derivatives
Real Estate 7
g
z 210
= ]
£ H
2 2
9 <
2 5
] 5
2 2 gl
5
o
6!
2005 2010 2015 2020
Asset allocation (Source: ACLI) Duration of assets
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Duration of Liabilities: Data

@ Focus on life insurance policies and annuities s
M Life Insurance
N Annuities
B Health Insurance
[ Deposits
4| | Claims
£s
1
o 2000 2005 2010 2015 2020

Liabilities (Source: ACLI)
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Duration of Liabilities: Data

@ Focus on life insurance policies and annuities s
M Life Insurance
; : - ; = ot surance
e Opaque information (missing maturity) AN
£
1
o 2000 2005 2010 2015 2020

Liabilities (Source: ACLI)
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Duration of Liabilities: Data

1 2
@ Focus on life insurance policies and annuities Vauaion Standard Tol
Life Insurance:
. . .. . 0100001, 56 CSO-NL 250% 19611969 e 283731
e Opaque information (missing maturity) : :
0100025, 80 CSO - CRVM .50% 1998:2008....cccnnns | e 08242662
o “Exhibit 5 - Aggregate Reserves for Life 0100037. 01CSO CRVM - ANB 4.00% 2000 o 850608
0199997, Totals (Gross). 66,142,285
”. 0199998, ceded. ......339,424 856
ContraCts ° 0199999, Totals (Net). .....126,717,430
. Annuities (excluding contracts with life
> prov1ded by A.M.Best 0200001. 71 1AM 6.00% 1975-1982 (Imm), 350,802
> at the end Of year t from 2001 to 2020 0200028. 83 IAM 7.25% 1986 (Def). . ,.‘58;675,689
0200043, Annuiy 2000 4.75% 2004 (e 206817830
> for each life insurer / out of 900 0200047, Aty 2000 450% 2010 (Def.. T3 450707
0299997. Totals (Gross). ....9,676,901,276
0200906, coded e 7415750
0299999. Totals (Net). ....9,669,485,617

9999999. Totals (Net) - Page 3, Line 1 ....9,804,893,998

Exhibit 5 of the Great American Life Insurance Company in 2010
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1 2

@ Focus on life insurance policies and annuities Vauaion Standard Tol
Life Insurance:
0100001. 58 CSO - NL 2.50% 1961-1969.

e Opaque information (missing maturity) o

0100025. 80 CSO - CRVM 4.50% 1998-2004..............

....306,242,662
o “Exhibit 5 - Aggregate Reserves for Life 0100037 01CSO0 CRYM - ANB 400% 2000
0199997, Totals (Gross).
. 0199998, ceded ..
ContraCts ° 0199999. Totals (Net). .....126,717,430
. Annuities (excluding contracts with life i

> pr0v1ded by A.M.Best 0200001. 71 1AM 6.00% 1975-1982 (Imm), 350,802
0200028. 83 IAM 7.25% 1986 (Def). : . .188:675,689

» at the end of year t from 2001 to 2020 )
[0200043 Annuity 2000 4.75% 2004 (Def) -..206,817,839
> for eaCh llfe msurer / Out Of 900 0200047. Annuity 2000 4.50% 2010 (Def). ) 1731’459797
. . 0299997. Totals (Gross). ....9,676,901,276
> aggregated to valuation standard S: mortality 02998, ceded e TAET50
0299999. Totals (Net). ....9,669,485,617

table, reserve discount rate 7, issue years

9999999. Totals (Net) - Page 3, Line 1 [... 9,804,893 998

Exhibit 5 of the Great American Life Insurance Company in 2010
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Duration of Liabilities: Data

@ Focus on life insurance policies and annuities

e Opaque information (missing maturity)

e “Exhibit 5 - Aggregate Reserves for Life

Contracts”:

>

provided by A.M.Best

at the end of year t from 2001 to 2020

for each life insurer / out of 900

aggregated to valuation standard S: mortality

table, reserve discount rate 7, issue years

e Short-term or long-term liabilities?

1

Valuation Standard

Life Insurance:

0100001. 58 CSO -NL 2.50% 1961-1969.

0100025. 80 CSO - CRVM 4.50% 1998-2004

0100037. 01CSO CRVM - ANB 4.00% 2009.

0199997, Totals (Gross).

0199998, ceded.

....126.717,430

0199999. Totals (Net).
Annuities (excluding contracts with life

0200001. 71 1AM 6.00% 1975-1982 (Imm). 359,802
0200028. 83 IAM 7.25% 1986 (Def). 188,675,689
[0200043. Annuity 2000 4.75% 2004 (Def). 206,817,839
0200047. Annuity 2000 4.50% 2010 (De). . ....1,731459,787
0299997. Totals (Gross). ....9,676,901,276
0299998. ceded. ..7.415,759

....9,669,485,617

0299999. Totals (Net).
9999999. Totals (Net) - Page 3, Line 1 [... 9,804,893 998

Exhibit 5 of the Great American Life Insurance Company in 2010
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Duration of Liabilities: Data

@ Focus on life insurance policies and annuities

e Opaque information (missing maturity)

e “Exhibit 5 - Aggregate Reserves for Life

Contracts”:

>

provided by A.M.Best

at the end of year t from 2001 to 2020

for each life insurer i out of 900

aggregated to valuation standard S: mortality

table, reserve discount rate 7, issue years

e Short-term or long-term liabilities?

@ Focus on policies with predetermined benefits!

1

Valuation Standard

Life Insurance:

0100001. 58 CSO -NL 2.50% 1961-1969.

0100025. 80 CSO - CRVM 4.50% 1998-2004

0100037. 01CSO CRVM - ANB 4.00% 2009.

0199997. Totals (Gross).

0199998, ceded.

....126.717,430

0199999. Totals (Net).
Annuities (excluding contracts with life

0200001. 71 1AM 6.00% 1975-1982 (Imm). 359,802
0200028. 83 IAM 7.25% 1986 (Def). 188,675,689
[0200043._ Annuity 2000 4.75% 2004 (Def). 206,817,839
0200047. Annuity 2000 4.50% 2010 (Def). . ....1,731459,787
0299997. Totals (Gross). ....9,676,901,276
0299998. ceded. ..7.415,759

.....9,669,485,517

0299999. Totals (Net).
9999999. Totals (Net) - Page 3, Line 1 [... 9,804,893 998

Exhibit 5 of the Great American Life Insurance Company in 2010
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Duration of Liabilities: Valuation

e Actuarial value V

> —h
Z ]‘+rt h besn
h=1
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Duration of Liabilities: Valuation

o Actuarial value V and reserve value V of a policy:

> —h ~ > h 4
Z ]‘+rt h 'bt+h Vt = Z (1+7’S)_ 'bt+h
h=1 h=1

with reserve disount rate ¥ constant after issuance
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Duration of Liabilities: Valuation

@ Actuarial value V and reserve value V of a policy: ©
NAIC Reference Rate
| Annuities - immediate
) -~ Annuities - deferred

> —h ~ —h A~ 9 , =+~ Life Insurance - 20 year
g 1—|-ft n)  beyn Vi= E (1+fs) beyn
h=1 h=1

with reserve disount rate ¥ constant after issuance

Reserve Discount Rate (%)

1990 1995 2000 2005 2010 2015 2020
Issue Year

Reserve dicount rate 7
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Duration of Liabilities: Valuation

o Actuarial value V and reserve value V of a policy:

10 NAIC Reference Rate
0o s \ Annuiies - deterred
—h ~ —h » 9 7 - Life Insurance - 20 year
E 1+rth ‘bryn Vi= E (1+f5) “btyn
h—1 h=1 g ®
with reserve disount rate ¥ constant after issuance z
~ S 6
o Pseudo-actuarial value V: §
s
= h
. T\—h 1
Vt = (1 + rt,h) . bt+h ¢
h=1 3

1990 1995 2000 2005 2010 2015 2020
Issue Year

Reserve dicount rate 7
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Duration of Liabilities: Valuation

o Actuarial value V and reserve value V of a policy:

10 NAIC _R_eference Rate
0o s \ -~ Annuies - deterred -
—h ~ —h » 9 7 - Life Insurance - 20 year
E ]‘+rt n)  bern Vi= E (1+f5) “btyn .
h=1 h=1 g ® .
with reserve disount rate ¥ constant after issuance z
~ S 6
o Pseudo-actuarial value V: §
s
= h
. T\—h 1
Vt = (1 + rt,h) . bt+h ¢
h=1 3

1990 1995 2000 2005 2010 2015 2020
Issue Year

e Popular policies: V; ~ V; and D; ~

Reserve dicount rate 7
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Duration of Liabilities: Reserve Evolution

e Need b to calculate V and D T 7

Valuation Standard Total

Life Insurance:
0100001. 58 CSO - NL 2.50% 1961-1969.

0100025. 80 CSO - CRVM 4.50% 1998-2004.

306,242,662

0100037. 01CSO CRVM - ANB 4.00% 2009.
0199997. Totals (Gross).

0199998. Reir ceded.

0199999. Totals (Net)

...869,698

466,142,285
339,424 855
126,717 430

Annuities (excluding contracts with life
0200001. 71 1AM 6.00% 1975-1982 (Imm). 359,802
0200028. 83 1AM 7.25% 1986 (Def). S 188,675,689
0200043, AnNUity 2000 4.75% 2004 (DEf)....... | 206,817,839
0200047 Annuity 2000 4.50% 2010 (Def)... 731459797

676,901,276

0299997. Totals (Gross).
0299998. Reir ceded.
0299999. Totals (Net)

7,415,759
.....9,669.485,517

9999999. Totals (Net) - Page 3. Line 1 | ..9.804.893 998

Exhibit 5 of the Great American Life Insurance Company in 2010
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Duration of Liabilities: Reserve Evolution

e Need b to calculate V and D T 2

~ Valuation Standard Total
e Back out from reserve values V: Lite Insurance:
0100001. 58 CSO - NL 2.50% 1961-1969.
¥ A \—12 A T 0100025 80 CSO0- CRYM4 50% 1966:2004 305:242,652
Vies=(1+PFs) biris+ (1+7Ps) Viegas :

0100037. 01CSO CRVM - ANB 4.00% 2009.
0199997. Totals (Gross).

0199998. Reir ceded.

0199999. Totals (Net)

...869,698

466,142,285
339,424,855
126,717 430

Annuities (excluding contracts with life
0200001. 71 1AM 6.00% 1975-1982 (Imm). 359,802
0200028. 83 1AM 7.25% 1986 (Def). S 188,675,689
0200043, AnNUity 2000 4.75% 2004 (e | 206,817,839
0200047 Annuity 2000 4.50% 2010 (Def)... 731459797

676,901,276

0299997. Totals (Gross).
0299998. Reir ceded.
0299999. Totals (Net)

7,415,759
.....9,669.485,517

9999999. Totals (Net) - Page 3. Line 1 | ..9.804.893 998

Exhibit 5 of the Great American Life Insurance Company in 2010
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Duration of Liabilities: Reserve Evolution

e Need b to calculate V and D T 2

~ Valuation Standard Total
e Back out from reserve values V: Lt nsurance:
0100001. 58 CSO - NL 2.50% 1961-1969.
v A~ N—1lp A\l [0100025. 80 CSO-CRVM450%|998-200; ....... M
Vies=(1+PFs) biris+ (1+7Ps) Viegas :

0100037. 01CSO CRVM - ANB 4.00% 2009.
0199997. Totals (Gross).

0199998. Reir ceded.

0199999. Totals (Net)

...869,698

466,142,285
339,424,855
126,717 430

Annuities (excluding contracts with life
0200001. 71 1AM 6.00% 1975-1982 (Imm). 359,802
[0200028. 83 1AM 7.25% 1986 (De).......s e | 188,675,689
[0200043_ Annuity 2000 4.75% 2008 (D6f).—oo | oo 206817839
0200047 Annuity 2000 4.50% 2010 (Def)... 731459797
0299997. Totals (Gross). 676,901,276
0299998, Rei ceded 7,415,759
0299999. Totals (Net) .....9,669.485517

9999999. Totals (Net) - Page 3. Line 1 | ..9.804.893 998

Exhibit 5 of the Great American Life Insurance Company in 2010
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Duration of Liabilities: Reserve Evolution

e Need b to calculate V and D

350

e Back out from reserve values V:

Vies=(1+ ?S)iliji,t—&-l,s +(1+ ?5)71 Vs

Reserve Value ($ million)

50 —— 80 CSO - CRVM 4.50% 1998-2004
——— 83 1AM 7.25% 1986 (Def)
Annuity 2000 4.75% 2004 (Def)

2005 2010 2015 2020
Valuation Date

Evolution of selected reserve positions
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Duration of Liabilities: Reserve Evolution

e Need b to calculate V and D

350

e Back out from reserve values V:

Vies=(1+ ?S)iliji,t—&-l,s +(1+ ?5)71 Vs

o Statistical model of reserve evolution

Reserve Value ($ million)

50 —— 80 CSO - CRVM 4.50% 1998-2004
——— 83 1AM 7.25% 1986 (Def)
Annuity 2000 4.75% 2004 (Def)

2005 2010 2015 2020
Valuation Date

Evolution of selected reserve positions
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Duration of Liabilities:

e Need b to calculate V and D
e Back out from reserve values V:

Vies=(1+ ?S)iliji,t—&-l,s +(1+ ?5)71 Vs

o Statistical model of reserve evolution

o Predictions for b

nilian Huber (NYU) Regulation-Induced Inter

Reserve Evolution

Reserve Value ($ million)

350

50

—— 80 CSO - CRVM 4.50% 1998-2004

——— 83 1AM 7.25% 1986 (Def)

86 (Def)
Annuity 2000 4.75% 2004 (Def)

2005 2010 2015
Valuation Date

Evolution of selected reserve positions

Exposure

2020




Duration of Liabilities: Reserve Evolution

Need b to calculate V and D

350

e Back out from reserve values V:

Vies=(1+ ?S)ilz’i,t—&-l,s +(1+ ?5)71 Vieris

Statistical model of reserve evolution

o Predictions for b

Calculate V and D

Reserve Value ($ million)

50 —— 80 CSO - CRVM 4.50% 1998-2004
——— 83 1AM 7.25% 1986 (Def)
Annuity 2000 4.75% 2004 (Def)

2005 2010 2015 2020
Valuation Date

Evolution of selected reserve positions
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Duration of Liabilities: Reserve Evolution

e Need b to calculate V and D

—— Industry Aggregate
W 50% of Liabilities
90% of Liabilities

e Back out from reserve values V: ‘
A AN —1a AN —1n
Vies= (1+%s) birsr,s+ (1+PFs) Vierrs

o Statistical model of reserve evolution

o Predictions for b

Duration of Liabilities (years)

e Calculate V and D

2005 2010 2015 2020

Duration of liabilities

Maximilian Huber (NYU) Regulation-Induced Inte: Rate Risk Exposure



Duration Gap

15
Industry Aggregate
[ 50% of Assets
10 90% of Assets

Duration Gap (years)

L
G:DA—ZDL

-15

2005 2010 2015 2020

Duration of net assets in 2019: Dy_ | = ﬁc = —26 with A = $4.24tn, and L = $3.77tn

Exposure



2. Franchise

(NYU)



Annuity Yield Curve: Data & Estimation

o At what interest rates can life insurers borrow from

their new annuiants?
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Annuity Yield Curve: Data & Estimation

o At what interest rates can life insurers borrow from
their new annuiants?
e Data set:

» Since 1989, twice per year, on average 20 life insurers i

» Policies j with different term structure of cash flows
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Annuity Yield Curve: Data & Estimation

o At what interest rates can life insurers borrow from
their new annuiants?
o Data set:
» Since 1989, twice per year, on average 20 life insurers i
» Policies j with different term structure of cash flows
o Best possibly rationalize the observed prices:

oo

Pi,j,t - Z (1 -+ rft7h)7h . bj,t+h
h=1
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Annuity Yield Curve: Data & Estimation

o At what interest rates can life insurers borrow from

their new annuiants?
e Data set:

» Since 1989, twice per year, on average 20 life insurers i

» Policies j with different term structure of cash flows

o Best possibly rationalize the observed prices:

Pi,j,t - Z (1 -+ rft7h)7h . bj,t+h
h=1

oo
o Aggregate over i by market share: ry,

Maximilian Huber (NYU)

$10.00

Any

@blication of United States Annuities  Jan.-Feb. 1990 (v. 5, n.1)

MOST COMPETITIVE
RATES FOR

« Plan Termination Annuities

¢ Immediate and Deferred Annuities
 Terminal Funding Annuities

« Structured Settlement Annuities

¢ GICs and Insured Financial Guarantees

January 2022

15/ 25



1-year Yield (%)

10-year Yield (%)

10.0 |,
7.5 "
5.0
2.5
0.0

Annuity Yield Curve

— —Corporate
Treasury
— Annuity

10.0
7.5
5.0
2.5
0.0

1990 1995 2000 2005 2010 2015 2020

nilian Huber

(NYU)

5-year Yield (%)

20-year Yield (%)

10.0
7.5
5.0
2.5
0.0

10.0
7.5
5.0
2.5
0.0

1990 1995 2000 2005 2010 2015 2020

1990 1995 2000 2005 2010 2015 2020
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Incomplete Pass-Through: Annuity Rates
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Incomplete Pass-Through: Annuity Rates

o How do the annuity interest rate react to a change of Treasury interest rates?

a T
Arly = ap+ Bp- Argp + €n

» Term Structure » Cross-section » Concentration » Net Gain » More
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Incomplete Pass-Through: Annuity Rates

o How do the annuity interest rate react to a change of Treasury interest rates?
Arfp = ap+Bh- ArtTh + €een

Estimates 8 = 0.5 are consistent with Charupat, Kamstra, and Milevsky (2016).
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Incomplete Pass-Through: Annuity Rates

o How do the annuity interest rate react to a change of Treasury interest rates?
Arfp = ap+Bh- ArtTh + €een

Estimates 8 = 0.5 are consistent with Charupat, Kamstra, and Milevsky (2016).

o Interest rates fall, economic spreads fall: 1 — 5 >0

Maximilian Huber (NYU) Regulation-Induced Interest Rate Risk Exposure



Recap

@ When interest rates fall...
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@ When interest rates fall...

1. life insurers realize a capital loss on their net assets.
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Recap

@ When interest rates fall...

1. life insurers realize a capital loss on their net assets.

2. life insurers earn a lower spread on newly issued policies.
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Recap

@ When interest rates fall...

1. life insurers realize a capital loss on their net assets.

2. life insurers earn a lower spread on newly issued policies.

e What are the economic drivers of this risk-taking?
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Recap

@ When interest rates fall...

1. life insurers realize a capital loss on their net assets.

2. life insurers earn a lower spread on newly issued policies.

e What are the economic drivers of this risk-taking?
» Towers Watson - Life Insurance CFO Survey #30 - June 2012
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Recap

@ When interest rates fall...

1. life insurers realize a capital loss on their net assets.

2. life insurers earn a lower spread on newly issued policies.

e What are the economic drivers of this risk-taking?
» Towers Watson - Life Insurance CFO Survey #30 - June 2012

* “Almost all (97%) respondents consider interest rate risk a significant exposure for their company.”
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Recap

@ When interest rates fall...

1. life insurers realize a capital loss on their net assets.

2. life insurers earn a lower spread on newly issued policies.

e What are the economic drivers of this risk-taking?
» Towers Watson - Life Insurance CFO Survey #30 - June 2012

* “Almost all (97%) respondents consider interest rate risk a significant exposure for their company.”

* “When considering interest rate exposure, respondents cited the level of statutory capital and

earnings as the primary metrics for concern.”

aximilian Huber (NYU) Regulation-Induced Interest Rate Risk Exposure January 2022 18 / 25



Incomplete Pass-Through: Annuity Rates

o How do the annuity interest rate react to a change of Treasury interest rates?
Aréh =ap+ Bh- A”t-,r/-, + €t,h

Estimates 8 =~ 0.5 are consistent with Charupat, Kamstra, and Milevsky (2016).

o Interest rates fall, economic spreads fall: 1 — 5 >0

» Term Structure » Lower Rates » Concentration » Net Gain
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Incomplete Pass-Through: Annuity Rates

o How do the annuity interest rate react to a change of Treasury interest rates?
Aréh =ap+ Bh- A”t:r/-, + €t,h

Estimates 8 =~ 0.5 are consistent with Charupat, Kamstra, and Milevsky (2016).

e How does the reserve discount rate react to a change of Treasury market interest rates?

A A T
AFY = ap+ Bp - Argp + €xn

o Interest rates fall, economic spreads fall: 1 — 3 > 0

» Term Structure » Lower Rates » Concentration » Net Gain
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Incomplete Pass-Through: Annuity Rates

o How do the annuity interest rate react to a change of Treasury interest rates?
Aréh =ap+ Bh- A”t,T/-, + €t,h

Estimates 8 =~ 0.5 are consistent with Charupat, Kamstra, and Milevsky (2016).

e How does the reserve discount rate react to a change of Treasury market interest rates?
AP = ap+ Bp- Ar]y + e

Estimates ﬁA =~ 0.15.

o Interest rates fall, economic spreads fall: 1 — 3 > 0

» Term Structure » Lower Rates » Concentration » Net Gain
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Incomplete Pass-Through: Annuity Rates

o How do the annuity interest rate react to a change of Treasury interest rates?
Aréh =ap+ Bh- A”t,T/-, + €t,h

Estimates 8 =~ 0.5 are consistent with Charupat, Kamstra, and Milevsky (2016).

e How does the reserve discount rate react to a change of Treasury market interest rates?
AP = ap+ Bp- Ar]y + e

Estimates ﬁA =~ 0.15.

o Interest rates fall, economic spreads fall: 1 — § > 0, statutory spreads rise: B — 6 <0.

» Term Structure » Lower Rates » Concentration » Net Gain

Maximilian Huber (NYU) Regulation-Induced Interest Rate Risk Exposure



3. Regulatory Hedging

(NYU)



Model: Setup

e Static model of a life insurer issuing one new policy
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Model: Setup

e Static model of a life insurer issuing one new policy

e Exogenous and stochastic bond interest rate r, borrowing rate r, reserve discount rate ?
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Model: Setup

e Static model of a life insurer issuing one new policy
e Exogenous and stochastic bond interest rate r, borrowing rate r, reserve discount rate ?

o Life insurer has A =1 and L = 0 and chooses the duration gap G = Da_; = D
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Model: Setup

e Static model of a life insurer issuing one new policy

Exogenous and stochastic bond interest rate r, borrowing rate r”, reserve discount rate ?

Life insurer has A= 1 and L = 0 and chooses the duration gap G = Da_; = Dp

Cost of operating at a volatile economic capital K with return:

Rk = —G(r—]E[r]) + r—r?

economic earnings

return on net assets
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Model: Setup

e Static model of a life insurer issuing one new policy

Exogenous and stochastic bond interest rate r, borrowing rate r”, reserve discount rate ?

Life insurer has A= 1 and L = 0 and chooses the duration gap G = Da_; = Dp

Cost of operating at a volatile economic capital K with return:

Rk = —G(r—]E[r]) + r—r?

return on net assets economic earnings

Cost of operating at a volatile regulatory capital K with return:

——

regulatory earnings

R, = —G(r—E[r]) + P—rA
N———’

regulatory return on net assets

with market value recognition ¥ € (0,1)
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Model: Setup

e Static model of a life insurer issuing one new policy

Exogenous and stochastic bond interest rate r, borrowing rate r”, reserve discount rate ?

Life insurer has A= 1 and L = 0 and chooses the duration gap G = Da_; = Dp

Cost of operating at a volatile economic capital K with return:

Rk = —G(r—]E[r]) + r—r?

return on net assets economic earnings

Cost of operating at a volatile regulatory capital K with return:

——

regulatory earnings

R, = —G(r—E[r]) + P—rA
N———’

regulatory return on net assets

with market value recognition ¥ € (0,1)
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Model: Optimal Duration

o Profit-maximization problem:

max E|r— "~ C(Ri) - C(Ry)]

with reduced-form costs C(Rx) = ¥R and C(Rg) = %R .
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Model: Optimal Duration
o Profit-maximization problem:
max E|r— "~ C(Ri) - C(Ry)]

with reduced-form costs C(Rx) = ¥ R% and C(Ry) = %Rf(

o First-order condition:

o = X(1=B) +xv(B - B)

X + Y2
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Model: Optimal Duration

o Profit-maximization problem:

mGax E[r - - C(RK) - é(RK)}

with reduced-form costs C(Rx) = ¥ R% and C(Ry) = %Rf(

o First-order condition: R

o _ X(L=5) + Re(5 - )
X+ ¥

o When x = 0, the economic hedging motives prevail:

G

G'=1-5>0
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Model: Optimal Duration

o Profit-maximization problem:
mGax E[r - - C(RK) - é(RK)}

with reduced-form costs C(Rx) = ¥ R% and C(Ry) = %Rf(

o First-order condition:

o = X(1=B) +xv(B - B)
X+ ¥
o When x = 0, the economic hedging motives prevail:

G'=1-5>0

e When y = 0, the regulatory hedging motives prevail:

G*:ﬂw;ﬁ<0
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Structural Shift around GFC

imilian Huber (NYU) a d Rate Risk Exposure



Structural Shift around GFC

o Hypothesis: “life insurers are under more

regulatory scrutiny” x T = G* |
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Structural Shift around GFC

o Hypothesis: “life insurers are under more
regulatory scrutiny” x T = G* |

e Source of identification: variations in
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Structural Shift around GFC

o Hypothesis: “life insurers are under more

1  NAIC Reference Rate
. ~ e e atne
regulatory scrutiny” ¥ T == 6" | . s
e Source of identification: variations in .
% 7
g,
§
€ 5
.
3 A
1990 1995 2000 2005 2010 2015 2020
Issue Year

Huber (NYU)




Structural Shift around GFC

o Hypothesis: “life insurers are under more

regulatory scrutiny” x T = G* | o Hat n 2008 |

N

e Source of identification: variations in 5 aprior

Size-weighted Frequency

-0.05 0.00 0.05 010 015 020
Beta Hat
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Structural Shift around GFC

o Hypothesis: “life insurers are under more

I Beta Hat in 2008 |

regulatory scrutiny” x T = G* |

e Source of identification: variations in 5 aprior

o Effect on duration gap G: g’
Gt = ’YBBi,QOOB x Posty +vXi ¢+ aj +ar + €t 5
with Post; = 1 starting 2012.

Beta Hat
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Structural Shift around GFC

o Hypothesis: “life insurers are under more

G
regulatory scrutiny” x T = G* |
) ) ) o s ) B x Post 18.362%%*
e Source of identification: variations in 5 aprior ( )
5.628
o Effect on duration gap G:
Controls Yes
Gl',t = WBBI',ZOOB X POStt + PYXI',t + o+ o+ €.t Life Insurer FE Yes
. . Year FE Yes
with Post; = 1 starting 2012.
N 3,839
R? within 0.1
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Structural Shift around GFC

o Hypothesis: “life insurers are under more

G
regulatory scrutiny” x T = G* |
) ) ) o s ) B x Post 18.362%%*
e Source of identification: variations in 5 aprior ( )
5.628
o Effect on duration gap G:
Controls Yes
Gi,t = ’YBﬂi,ZOOB X POStt + PYXI',t + o+ o+ €.t Life Insurer FE Yes
. Year FE Yes
with Post; = 1 starting 2012.
o Economically large effects: N 3,839
2 s
Average G before 0.67 and after —1.62 R within 01
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Structural Shift around GFC

o Hypothesis: “life insurers are under more

G
regulatory scrutiny” x T = G* |
R B x Post 18.362%%*
e Source of identification: variations in 5 aprior ( )
5.628
o Effect on duration gap G:
Controls Yes
Gl',t = ’YBﬂi,ZOOB X POStt + PYXI'J + o+ o+ €.t Life Insurer FE Yes
. . Year FE Yes
with Post; = 1 starting 2012.
N 3,839

o Economically large effects:

Average G before 0.67 and after —1.62 R within ot
Interquartile range of 3: 0.028 - 0.131
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Regulatory Reform

@ Realign regulatory and economic hedging motive:
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Regulatory Reform

@ Realign regulatory and economic hedging motive: B T
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Regulatory Reform

@ Realign regulatory and economic hedging motive: B T

@ Annuity reserve discount rate changed in 2018 with “VM-22":
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Regulatory Reform

@ Realign regulatory and economic hedging motive: B T

@ Annuity reserve discount rate changed in 2018 with “VM-22":

» replaced formula with 7 pages of text and formulas
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Regulatory Reform

@ Realign regulatory and economic hedging motive: B T
@ Annuity reserve discount rate changed in 2018 with “VM-22":

» replaced formula with 7 pages of text and formulas

» based on the Treasury yields over previous quarter or even day
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Regulatory Reform

@ Realign regulatory and economic hedging motive: B T
@ Annuity reserve discount rate changed in 2018 with “VM-22":

» replaced formula with 7 pages of text and formulas

» based on the Treasury yields over previous quarter or even day = higher B!
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Regulatory Reform

@ Realign regulatory and economic hedging motive: B T
@ Annuity reserve discount rate changed in 2018 with “VM-22":

» replaced formula with 7 pages of text and formulas

» based on the Treasury yields over previous quarter or even day = higher B!

o Life insurance policies reserve discount rate changed in 2020 with “VM-20":

Maximilian Huber (NYU) Regulation-Induced Interest Rate Risk Exposure January 2022 24 /25



Regulatory Reform

@ Realign regulatory and economic hedging motive: B T
@ Annuity reserve discount rate changed in 2018 with “VM-22":

» replaced formula with 7 pages of text and formulas

» based on the Treasury yields over previous quarter or even day = higher B!
e Life insurance policies reserve discount rate changed in 2020 with “VM-20":

» based on yields on assets and prescribed mean reversion interest rate set by the state insurance

commissioners
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Regulatory Reform

@ Realign regulatory and economic hedging motive: B T
@ Annuity reserve discount rate changed in 2018 with “VM-22":

» replaced formula with 7 pages of text and formulas

» based on the Treasury yields over previous quarter or even day = higher B!
e Life insurance policies reserve discount rate changed in 2020 with “VM-20":

» based on yields on assets and prescribed mean reversion interest rate set by the state insurance

commissioners

» [ depends on insurance commissioners
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Regulatory Reform

@ Realign regulatory and economic hedging motive: B T
@ Annuity reserve discount rate changed in 2018 with “VM-22":

» replaced formula with 7 pages of text and formulas

» based on the Treasury yields over previous quarter or even day = higher B!
o Life insurance policies reserve discount rate changed in 2020 with “VM-20":

» based on yields on assets and prescribed mean reversion interest rate set by the state insurance
commissioners

» /3 depends on insurance commissioners = make it responsive and be transparent about it!
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Summary

When interest rates fall:

1. life insurers realize a loss on net assets
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Summary

When interest rates fall:
1. life insurers realize a loss on net assets
2. life insurers earn a lower spread on newly issued policies

3. life insurers focus on immunizing the regulatory exposure of its franchise from changing

interest rates
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Summary

When interest rates fall:
1. life insurers realize a loss on net assets
2. life insurers earn a lower spread on newly issued policies

3. life insurers focus on immunizing the regulatory exposure of its franchise from changing

interest rates
Future work:
@ Available panel data sets on duration of liabilities and annuity yield curve!

@ Regulatory exposure of franchise: international evidence, banks

e Stability of life insurers’ liabilities as source of funding
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Model of a Life Insurer

e Exogenous stochastic bond market interest rate r
= correlated annuity interest rate r* and statutory dicount rate ?

e Life insurer chooses the duration of the legacy capital D:

mgx ]E{r— - C(RK) — 6(RK)}

with reduced form costs C(Rx) = ¥R% and C(Ry) = %R,z(
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Model of a Life Insurer

e Exogenous stochastic bond market interest rate r
= correlated annuity interest rate r* and statutory dicount rate ?

e Life insurer chooses the duration of the legacy capital D:
mgx ]E{r — - C(RK) — 6(RK)}
with reduced form costs C(Rx) = ¥R% and C(Ry) = %R,z(
@ Economic capital return:

Rk = —D(r—E[r]) + r—rA

economic earnings

return on legacy capital
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Model of a Life Insurer

e Exogenous stochastic bond market interest rate r
= correlated annuity interest rate r* and statutory dicount rate ?

e Life insurer chooses the duration of the legacy capital D:
mgx ]E{r — - C(RK) — 6(RK)}

with reduced form costs C(Rx) = ¥R% and C(Ry) = %R,z(

@ Economic capital return:

R«= -D(r-E[r]) + r—r"
economic earnings

return on legacy capital
e Statutory capital return:

——

statutory earnings

Ry = —¢D(r—E[r]) + P—rA
—_—

return on legacy statutory capital
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Duration of Net Assets

o First-order condition: R
p_ X2=8) + 5B 5)
= -
X+ 92X
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e Without the regulatory friction ¥ = 0, the economic hedging motives prevail:
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Duration of Net Assets

o First-order condition: R
p_ XA=B8) + (3= 5)
= -
X+ PR

e Without the regulatory friction ¥ = 0, the economic hedging motives prevail:

D=1-8>0

e Without the economic friction x = 0, the statutory hedging motives prevail:

D:élﬁ<0
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Duration of Net Assets

o First-order condition:

p_ X(L=8)+%v(5 - B)
X+ 9%

e Without the regulatory friction ¥ = 0, the economic hedging motives prevail:

D=1-8>0

e Without the economic friction x = 0, the statutory hedging motives prevail:

D:éiﬁ<0

@ The annuity interest rate reacts more to the bond market interest rate than the reserve
discount rate does!
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Evidence: Ex-ante Exposure to BA

@ Reserve discount varies by policy type: Blife < B"mm‘ity:

(Liabilities in Life Insurance Policies), ,
(Liabilities), ,

FLi,t =
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Evidence: Ex-ante Exposure to B

@ Reserve discount varies by policy type: B“fe < Bannuity:

(Liabilities in Life Insurance Policies), ,
(Liabilities), ,

FLi7t =

@ What explains the dynamics of the duration gaps?

Gi+ =i+ o + e FLi 2008 X Posty + v - Xy + € ¢

where Post; = 1 after 2010.
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Evidence: Ex-ante Exposure to B

@ Reserve discount varies by policy type: Blife < Bannuity:

(Liabilities in Life Insurance Policies), ,
(Liabilities), ,

FLi7t =

@ What explains the dynamics of the duration gaps?
Gi,t =0 + o + YFLFLj 2008 % Posty +v - X¢ + € ¢

where Post; = 1 after 2010.

Maximilian Huber (NYU) Regulation-Induced Interest Rate Risk Exposure

(1)
FL X Post -3.670%*
Controls Yes
Life Insurer FE Yes
Year FE Yes
N 3,839
R? 0.751

January 2022
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o Life insurers provide insurance against mortality and retirement saving vehicles.
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Background

Life insurers provide insurance against mortality and retirement saving vehicles.

Assets: transparent!
» Life insurance companies own assets of about $7 trillion
» 37% of life insurer’s assets are invested in corporate and foreign bonds

» Corporate and foreign bond debt $15 trillion of which 22% are held by life insurers

o Liabilities: opaque!
» Household financial assets of $105 trillion: 13% deposits, 43% securities, 30% pension
entitlements and life insurance

» Guaranteed by state guaranty funds in the case of default

Equity: many public/private stock companies, few large mutual companies
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Reserves
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Reserves

I not specified
[ immediate
N deferred
(0 both 35
1.00x10'2
7.50x10'"
25
500101
20
2.50x10'"
15

2000 2005 2010 2015 2020

Reserve Value
Issue Years

Reserve Value ($ mi

°

2010 2015 2020
Valuation Date
Composition of annuity reserves and the evolution of the A2000 6% Immediate reserve position of the Delaware Life Insurance Company
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Empirics of Reserve Decay

bi¢,s
td

o Insurer-specific weighted-average decay A ;s = o :
it—1,5

Ait,s =i +€its

" ePENN ereL STIAA

SNYCOPRU-*_eUN
eviEg, B _evora
MINN SANAT ™
A
oKCU yprg

weighted by the previous size of the reserve position.

Estimated Duration of Assets (years)

o Life-cycle model of average reserve decay:

Aigs =V rs+e€irs

005 010
Average Rate of Decay « (%)

Asset duration and average decay across life insurance

where W is as fixed effect which captures the average companies

decay of a t — 7 year old reserve position of type S.
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Life-Cycle Reserve Decay

Rate of Decay Aj ¢ s+

Decade 0.000 -0.001 -0.010%** -0.000 -0.007***

Aarl 0.171%%%  0.227%%%

Aarl, -0.147%%K  _0.113%**

Life-cycle FE Yes Yes Yes Yes

Finer Life-cycle FE Yes Yes

N 97,712 97,712 94,707 94,227 97,712 97,120

R? 0.286 0.286 0.286 0.350 0.286 0.349
Decay

Regulation-Induced Interest Rate Risk Exposure
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Life-Cycle Reserve Decay

30
Life Insurance 4%
Annuity -immediate 5.25%
: Annuity - deferred 4.5%
20 R ~N
/ -
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/ ‘N
g / .
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k] ! Neo
. > R
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> !;_) 2 | ~. -
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o / H ! N
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. ’ ~ .
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3 .
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o Elapsed Time since Issuance (years)
Elapsed Time since Issuance (years) Decay
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Duration Gap under constant Interest Rates

Industry Aggregate
[ 50% of Assets
90% of Assets

10 e

-5

Duration Gap (years)

L L L .

2005 2010 2015 2020

Duration gap under constant 2004 interest rates G = Dy — ﬁ-DL
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Net Assets of publicly-traded Life Insurers

18
17

16

11

Duration of Liabilities (years)
&
Duration of Net Assets (years)

10

2005 2010 2015 2020 2005 2010 2015 2020

Duration of assets and liabilities of a set of publicly-traded life insurers




Residual Excess Return Life Insurers' Stocks

0.050

0.025

0.000

—0.025

—0.050

FOMC days before 2008 FOMC days after 2012

L _
rx; =

—0.02 —0.01 0.00 0.01 0.02 —0.02 —0.01 0.00 0.01 0.02
Residual Excess Return 10y Treasury Bond Residual Excess Return 10y Treasury Bond
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L
I'Xt

Full Before After Full Before After

rx;r 0.492** 0.017 -0.672%* 0.407** -0.109 -0.658%**
(0.234) (0.176) (0.336) (0.163) (0.132) (0.170)

! 1.588%¥%  0.751%%%  1.543%%*
(0.096) (0.071) (0.095)
Intercept  0.004**  0.002** 0.001 -0.001 0.000 -0.000
(0.002) (0.001) (0.002) (0.001) (0.001) (0.001)

N 257 140 92 257 140 92

R? 0.017 0.000 0.042 0.525 0.447 0.757

nilian Huber (NYU)

Regressions on FOMC days

Regulation-Induced Interest Rate Risk Exposure
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L
I'Xt

Full Before After Full Before After

rxtT -0.388%* 0.293 -0.839*%*  -0.46T*** -0.155 -0.67T7***
(0.178) (0.207) (0.329) (0.120) (0.156) (0.191)

M 1.332%F%  (.836%**  1.491%%*
(0.063) (0.078) (0.096)
Intercept  0.003***  (0.002** 0.003* -0.000 0.000 0.000
(0.001) (0.001) (0.002) (0.001) (0.001) (0.001)

N 243 133 78 249 134 83

R? 0.019 0.015 0.079 0.660 0.467 0.787

Regressions on FOMC days excluding outliers
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L

rx,
After 2009  After 2010  After 2011 After 2010
Until 2021 Until 2019 Until 2020 Until 2021
rxtT 0.307 -0.658%** -0.855*** -0.526*** -0.552%** -0.658%**
(0.256) (0.170) (0.186) (0.165) (0.165) (0.170)
! 2.127*** 1.543%** 1.547%** 1.520%** 1.478%** 1.543%**
(0.177) (0.095) (0.095) (0.107) (0.105) (0.095)
Intercept 0.001 -0.000 -0.001 -0.001 -0.001 -0.000
(0.002) (0.001) (0.001) (0.001) (0.001) (0.001)
N 100 92 84 72 80 92
R? 0.603 0.757 0.780 0.750 0.728 0.757

Regressions on FOMC days with different cut-off dates

nilian Huber (NYU)

Regulation-Induced Interest Rate Risk Exposure
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L
I'Xt

Full Before After Full Before After

rx;r 1.044%*%*  0.842%*  -0.782%  (.869%** 0.262 -1.048%**
(0.349) (0.347) (0.463) (0.329) (0.286) (0.302)

M 0.504 0.689***  1.051%**
(0.400) (0.169) (0.395)
Intercept 0.003* 0.001 0.001 0.002 -0.000 -0.000
(0.002) (0.001) (0.002) (0.002) (0.001) (0.001)

N 241 139 76 241 139 76

R? 0.008 0.016 0.011 0.277 0.414 0.630

nilian Huber (NYU)

Regressions on FOMC days with different cut-off dates

Regulation-Induced Interest Rate Risk Exposure
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Calculating the Yield Curve

o What term structure of interest rates r rationalizes the

observed prices of a menu of policies?

Yield (%)
T

n )
term __ —hrep life __ —h-rep |
Vn = E e 1 Vage = e bag@h
h=1 h=1

o Parametrize r; ;, by imposing a B-spline on the

forward rates for every insurer i, time t, and policy j:

Horizon (years)

Annuity yield curves

Pijt = Vije+e€ije aD
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T-year Yield (%)
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S-year Yield (%)

20-year Vield (%)
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Incomplete Pass-Through: Reserve Interest Rate

o How does the reserve discount rate react to a change of

bond market interest rates?

f, =0.03+ 0.8 (fJNuneg) 12, June(z) — 0-03)
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Incomplete Pass-Through: Reserve Interest Rate

o How does the reserve discount rate react to a change of

bond market interest rates?

Pe = 0.03+ 0.8 - (Pl 12, June(r) — 0-03)

o Changes over the 1-year time interval:

Ar;h:ah+ﬂh'Ar£h+6h,t

APy =ap+ B Arpy+ ene
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Incomplete Pass-Through: Reserve Interest Rate

e How does the reserve discount rate react to a change of

bond market interest rates?
Pe = 0.03+ 0.8 - (Pl 12, June(r) — 0-03)
o Changes over the 1-year time interval:
Arly=ap+Bh- Arttfh + éene

s A b
Afe = ap+ Bp- Argp + ene

Maximilian Huber (NYU) Regulation-Induced Inte
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Incomplete Pass-Through: Reserve Interest Rate

100

o How does the reserve discount rate react to a change of

bond market interest rates?

Pe = 0.03+ 0.8 - (Pl 12, June(r) — 0-03)

Beta

o Changes over the 1-year time interval:
a b
Arnh :ah+ﬁh'Art’h+6h’t N
. . ’ " erontyears ° ”
Art - Oéh + Bh : Art7h + eh,t Pass-through to reserve discount rates

e Annuities:
05=3>/3=013
46 /25

Regulation-Induced Interest Rate Risk Exposure January 2022
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Incomplete Pass-Through: lower at lower rates?

o How does the annuity interest rate react to a change of

bond market interest rates?

Gamma

b b b
Arzh =an+Br- Argy+ 9 Argp rep+ €ne

5 0 15 20 2 30
Horizon (years)
Pass-through to annuity rates at higher interest rates

4 return
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Incomplete Pass-Through
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1/2-year Average Annuiity Beta
% Confidence Interval
ear Change

Maximilian Huber
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Market Concentration and Pass-Through

Annuity Spread

Levels s Changes As
r - HHI 0.022%** 0.033%**
(0.001) (0.001)
Ar - HHI 0.060%** 0.082%**
(0.006) (0.006)
Horizon FE Yes Yes Yes Yes
Rating FE Yes Yes
N 13,290 13,290 13,290 13,290
R2 0.916 0.931 0.319 0.333

Cross-sectional pass-through related to a proxy for the insurance company specific market power: the average of Herfindahl-Hirschman indices

of U.S. states weighted by the share of the collected premiums from a state to overall premiums.

The regression specification is: s ¢ =
v re, ) HHY; o1 + By - r p + Rating; ¢ e p+ € g p
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Spread affects future Net Gain from Operations

The annuity spreads s; ¢, predicts the future net

gain of operations:

NetGain; yyn = Spread; ¢ + €; ¢

A higher annuity spread implies larger future

profits!
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Example: Life annuity for 65-year-old male paying 1$ annually

Actuarial
— Reserve
Pseudo-actuarial

17.5

Value ($)

=
N
n

7.5 " I I I
1990 1995 2000 2005 2010 2015 2020
Date of issue

Valuation and duration at issuance for a life annuity for a 65-year-old male
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Example: Life annuity for 65-year-old male paying 1$ annually

Actuarial 12 Actuarial j
— Reserve — —— Reserve
Pseudo-actuarial | e + Pseudo-actuarial
17.5
15.0 =
4
_ o
& EN
2 5
] =]
Z 125 g
a
10.0
7.5 " I I I | . | 1 | | |
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
Date of issue Date of issue

Valuation and duration at issuance for a life annuity for a 65-year-old male
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Actuarial vs. Reserve vs. Pseudo-Actuarial

1.0
\ — 1983 Actuarial Actuarial
N — — — 1983 Reserve 8 —— — Reserve
\ 2012 Actuarial Pseudo-actuarial
\\ 2012 Reserve
0.8 N s
\ 2
\
\ ©
\ N
\ S
\ °
\ <
- 06 \ ©
& \ g
g \\ a
@ \ Z 4
5 \ £
@ \ c
0.4 - \ g
\ w“
\ 5
\ c
\ g
\ T
\ 2 27
02 - N >
\
§
3
N
N
N 0
0.0 =
0 20 40 60 80 1990 1995 2000 2005 2010 2015
Payment due in (years) Valuation Date

Comparison of cash flows and and valuations after issuance in December 1989 for a life annuity for a 65-year-old male
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Indirect Evidence: Supplemental Information

o New York-based life insurance companies have to — e
. . lastyear's
file the “Analysis of Valuation Reserves” it
VALUATION STANDARD resenies
supplement to the annual statement SR Tkl W G0 I 61 — 20
0200016. 83 Table 'A'; 7.65%; Imm.; 1985 200018
. . . 0200017. 83 Table :A: 65%; Im‘ 1986 —..200019
» How well does the annual income align with the e 8 Table ;7981 I 87 — 2
0200020. 83 Table 'A'; 7.65%; .; 1989 _.200022
. 0200021, 83 Table 'A'; 1990 ..200023
predicted cash flow? w2 & Tl o ~
0200024, 83 Table A" 1998 20006
0200025. 83 Table 'A'; 1994 _.200027
0200026. 83 Table 'A'; 6.50%; .5 1996 200028 5004 | ... .. 32580468
0200027. 83 Table 'A'; 6.00%; ;1996 200029 5,559 29,913,379

Supplement of the New York Life Insurance Company in 2011
< return
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Effect of Market Rates on Policyholder Behaviour

@ Model with policyholder behaviour: b
z 1) (2)
bits = \U(t -, 5) +0-Ar 10+ €05
t in decades  0.003***  0.003***
@ The change in the market interest rate since the (0.000) (0.000)
issuance of the policy may make the outside AR -0.008
option more or less attractive. (0.022)
_ ArH -0.017
@ A omne-percent increase leads to a 0.16 percent "t,7.10 (0.024)
higher rate of decay. '
N 90,954 90,954
e The policyholder behavior has a marginal effect )
R 0.355 0.355

on the duration of the liabilities!
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Evidence under Constant Interest Rates

o Omitted variable bias:
falling interest rates mechanically increase the

duration of life insurance policies!

o Evaluate all objects under constant 2004 interest rates.
Git =0+

’YFLFLi,t + ’YLevLeVi,t + ’YLogALOgAi,t + - Xi,t + €t

Git =aj + art

YFLFLi 2008 + YievLeVi + YiogalogAi s + v - Xit + €ie

4 return
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Evidence under Constant Interest Rates

o Omitted variable bias:
falling interest rates mechanically increase the

duration of life insurance policies!

o Evaluate all objects under constant 2004 interest rates.

Gt =ae+

’YFLFLi,t + ’YLevLeVi,t + ’YLogALOgAi,t + - Xi,t + €t

Git =aj + art

YFLFLi 2008 + VievLeVi e + ViogalogAir + v - Xt + €t

(1) (2)
FL -6.260*** -4 5T7**
Lev -0.022%** -0.005
LogA -0.057 1.002
mutual -1.356%**
MktLev -0.021%* -0.003
Year FE Yes Yes
Life Insurer FE Yes
N 5,868 5,864
R? 0.298 0.758
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