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F 2T F K F F A3 € o JP Morgan 742 Fixed Income Investment
Management Training ~ & [F > % - FFEL G A R A2 FE A & Fh
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B] 1 ~ An Advanced Fixed Income Attribution Model

Curren
Accreh-:}n retumn
/ ' Roll down return
Total retum
el
Spread
retun

!l Residual
retumn

Issuer (selection) retum
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BRI SN IR Y g 5) o }»j—f'% L f’—?]zrf’];}ﬂlagﬂﬂ—/ﬁ 0 E HIT(4
THEMAF AR 3-0.64% > #TPE PF X Ard K 7.73%05 $3F

ﬁjuJ) o

Benchmark Relative Performance

Er’ '_%J’ é’ﬁ ﬁm =====(|JRVE====== =====CPREAD======
Total
Benchmarl{ Portfolio|| Effective  Total Return Currency Carry |[Duration =Shift +Twist | Spread | =Sector |+ Issuer |Residual
Member Sector Weight | Weight ||Duration Return (Local) Return Return | Return Return  Return | Return | Return | Return | Return
Bondl  TMT 35.00% 45.00% 591 6.19% 479% 140% 0.71% | (0.08% 139%  (147%) | 4.11% 3.55% 0.57% 0.04%
Bond 2 Utilities  40.00% 5.00% 173 1.88% 0.54% 1.34% 0.88% 057% 0.41% 0.17% | (0.94%) | (0.52%) | (0.42%) | 0.02%
Bond3 Banks = 10.00% 30.00% 6.37 8.73% 7.30% 143% 0.83% | (0.82% 150%  (2.32%) | 7.09% 0.64%) | 7.73% 0.20%
Bond4  Gov 15.00% 2000% 1.02 176% 043% 1.34% 0.07% 042% 0.24% 0.18% | (0.02% = (0.02%) | (0.05%
Benchmark (Local)| 3.55 269% 269% - 0.70% | 0.18%  0.84%  (0.65%) | L77% 097%  0.80% | 0.04%
Portfolio| 4.86 585%  4.46% 1.39% 0.63% | (0.17%) 1.14%  (1.31%) | 3.93% 1.38% 255% | 0.07%
Benchmark Relative Performance| 131 3.16% L77% 139%  (0.07%) | (0.35%) 031%  (0.66%) | 2.16%  0.41% 1.75% | 0.03%

A0 ¥ 3F g ——CURVE=—— ———=SPREAD=——==
" Total
Benchmark Portfolio | Effective (Local) Currency Income [Duration =Shift +Twist | Spread =Sector +Issuer |Residual
Member Sector Weight Weight |Duration Effect Effect Effect Effect Effect Effect Effect Effect Effect Effect
Bond 1 ™T 35.00% 45.00% 581 0.48% 0.63% 0.07% (0.01%) 0.14% 041% 0.35% 0.06% 0.00%
Bond2 Utilities 40.00% 5.00% 173 (0.19%) 0.07% (031%) | (0.20%) 0.14%) 0.33% 0.18% 0.15% (0.01%
Bond3 Banks 10.00% 30.00% 6.37 1.46% 0.43% 017% (0.16%) 0.30% %) 142% 0.13%) 155% 0.04%
Bond 4 Gov. 15.00% 20.00% 102 0.02% 0.27% 0.00% 0.02% 0.01% 0.01% (0.00% - (0.00%) | (0.00%
Benchmark Relative Performance 3.16% L77% 139% (0.07%) | (0.35%) 0.31%  (0.66%) | 2.16% 0.41% 1.75% 0.03%

Sector Effect = Allocation Effect
Issuer Effect = Selection Effect

FAZ# 7 Interest Rate Swap /i 5 & F i3 % ~Fc o f L E WK (1)

* Z-score E? mean-reverse ¥ '? X T%’ ¥ E_F 3L ~ curve trade %) »

(1T e P Y EEREYT AL FL TR LFLefp

RA2PRE TEYVIRBEATALRA) 2BFTAHYTE K E

R o

2011 & 7 % % 2014 & 7 * % R P4 5ciR 44t 4F Primary Dealers F° % 35
IR HEREDFEhgE 0 7 &40 FLRNP RO IFE

PHEIR ABEHEIRFIREDFET A
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(=) g enddp FF RE-K (term premium)’ 7 o i<y | o= &

2 B RE-K (term premium) & F0 @ £ KT T 30 F S &

WERFTHFEDEF 2 L% RFrE T4 1H 5 4
#p B b *& (duration risk)#73 ke i > p T ¥ iR F R
BHE Rk MY MEE LB AP 0 Bl
REoK 7 Bt AR S MR o B R A SR B TR B F Rk A
oote B 2Tk A BRE T I RL-R SR Y B £ f s B ok
Bond 2 BYE RBEFFRIDEPFISRLQELED G
L B4 FTINA R ML B A A o

B 3 ~ 10-year Kim-Wright Term Premium
[+ ek 2 oo o 70|

W Mid Price -0.1588
High on 04/30/92 2.9262

Hverage 08619
Low on 07/31/12 -0.8608

A 2.5000

\ M Asian Financial Crisis & LTCM

\

AYRNTVARE

[ NI l

1992 Recession \\VJ \T) VMI') \J\A N (\\A N ATape\r TantrurFTLd Hike o
AW A VL

I ;
RVACINILTE
Q

2\
IV

v 1V
E U -1.0000
QE3

2011 | 2012 | 2013 | 2014 | 2005 | 216 |2017

1991 | 1992 | 1993 | 1994 | 1995 | 199 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

Source: Bloomberg
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£ 0 T LR EM FCINES £ TR 4 T X roll over 4 5 o gt ¢t
TEE PN R X IR L A w2009 &
¥ 3FATPAFCINC EH A4 10 EH P D F B R
G IR D 2008 % K49 P K 3 P HHT70B Y
PRI GG AR R S REER A A
REYF X7 vt & aranB PR L7 1% § 7
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B] 4 ~ US Average Maturity of Outstanding Marketable Debt(in months)

20D @m
/ \,‘ Issuance

/ \ suspended

Crisis deficit
financing initially

60
\\ short end driven
\
/ \ /
\\ |
30yr bond \  /
__issuance \ o/ Lo
(4 Treasury increases i 0
resumed — tigh on 06/29/01 70.67
long-end issuance o 308 |
Mar ... ... Dec... Jun ... Dec... Jun ... Dec... Jun ... Dec... Jun ... Dec.. Jun ... Dec... Jun .. Dec.. Jun.. Dec.. Jun.. Dec... Jun... Dec.. Jun.. Dec... Jun ... Dec.. Jun... Dec... Jun .. Dec... Jun ... Dec... Ju . Dec... Jum ... Dec...
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 m 012 2013 014 Zl]lS 2016 2017

Source: Bloomberg
= 0~ %IJ{%{ ﬂprﬁl‘\»‘%" 3;«

RrteF FLAREYGE RN 8A%) FBABRRS 7 R 2
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B5- 2% 7R &b

Historical Sovereign Issuance by Maturity!

&
=

s 2yT-25yr D 5yT-35yr — 35y

[25]

=

=
1

(USSbn equivalent)
g B

Amount Issued

_--"".---""-.__ _--"'"'.-—-

———

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Breakdown of Outstanding Sovereign Debt by Country
20 - W <12yr W 12yr-25yr W 25yr-35yr B 35yr+

QOustanding Amount
{Usstn)
[
(=]
L

us Japan UK (RHS) ltaly (RHS)  France (RHS) Germany (RHS) Spain (RHS) Belgium (RHS) Austria (RHS)

Source: Dealogic
! Dataset comprised of European sovereigns including UK and Japan

# [ Pension Regulation :

- Defined Benefit' Pension z_3i% ik & B e p R A E RRE
- Asset Liability Match

£ F A BRLRFERIGAEHD BT [URG SH LAY

! Defined Benefit Pension (DB Pension) : To provide lifetime retirement income.

(wssn)
Junowy Sulpuelsing
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(=) PERFF — A

EPRIFFEEL 2HAIRPFTHT£910%(H 6 =) A
52030 # 2L G 2010 EA2TH0E 5 11.8% 0 K30 5

EHp 2z 18.2%% 10 # Hp 2. 21.8% > FhEm 5 > ¢ E&]ﬂ\?—‘ﬁﬁiﬁ

E % L ,::r? + €3 L 2 A
w A H X2 RAPHM(BI6F) e
M6~ HRRFERHF 25T
Foreign Holdings of Treasuries Foreign Allotment at Treasury Auctions
USD BN
1,600 80% 30%
1,400 70%
25%
1,200 60%
20%
1,000 50%
800 n 40% 15%
600 I 30%
10%
0,
40 . I . . 20% o =&—>5y Note
5
~8—10y Not
200 -EE [ R y Note
- 30y Bond
— 0% 0%
T84 3§58 s8308473 2010 2011 2012 2013 2014 2015 2016 2017
ﬁr\lmwmmr\wmémém
o o= NN
mmm Official — mmm Private % of Qutstanding ex-S50MA
Source: US Treasury (Foreign Portfolio Holdings of US Securities and Monthly Source: TreasuryDirect

Statement of the Public Debt), NY Fed (SOMA Holdings), as of 30-June-2015
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TERE X4 R 2 Fr T %8 © 4](DB Pension Plan)i¥ ik £
$E 36 EA s I3VEATART NGRS ¥
HREFFETAENZ2ART HEDPF XA 7 O 1

A2 (B 7 2)0 2R @ MEF 4k K T 3% 35541 (DC Pension Plan)?i¥
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¥
AR
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beiis
bl
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W73 REPN &£ FIHRERE

: Type of Pension Plan Offered to New Employee
t:rge,t 100 2 E’:?Wht':g :)OB Fortune 500 Companies
rporate orporate - )
Defined Beneﬁt Universe e Traditional DB Plans
Plans? & 400 | ===Hybrid DB plans
E s DC Plans
Valueof Assets  $1.40tr 6295t 5"
Value of ibilties  $1.72tr 363, 5
N € 100
Difference | 2
Funded Status ~ 81.2% 81.2% | of S2.3tr 0
,./ 1998 2000 2002 2004 2006 2008 2010 2012
%Allocationto 4% S1.3tr ’
Fived Income Source: Willis Towers Watson Retirement in Transition

‘Investment Company Institute ‘The US Retirement Market' data as at 12/31/2016

FERE Tk 4 9 0% 15 & U B 4s A i~ 29% %4 20 &

G

Bt W 12% 2% HpFgkix &35 % {5 (B 8 =)o p Pension

Protection Act of 2006 ¥? FASB 158 (2006) i& » #x T_% i 4113 i%

* Defined Contribution Pension(DC Pension) : To help individuals accumulate retirement savings
during their active career.
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B4 3 W22 A LA SR % (STRIPS) (B 8 +) °

=

B8 -DBi¥ik& A ffEHLH BFARE

Cash flow Defeasance of Typical US Corporate DB Plan!

Duration (% Par Bond Long Duration Strategies mmM
Maturity MV Contribution| Defeasance

02year  99% 5.0% Long Government Credit 248bn  38%

VTyear  243% 10 11.1% ~——— Long Corporate / Credit %n  33% 13
TASyear  31.7% 33 23.5% a:iz?d Extended Duration (STRIPS) 121bn  19% 27
1525 year  22.5% 4 204665 Long Duration Treasury 34bn 5% 17
2535year  8.7% 25 19.4% \____J LongDuration Custom 3tbn 5% 1016

s \
35-45year  2.4% 09 8.7% - Total 649n  100%
45+ years  0.6% 0.3 3.5% beyond | Source: eVestment as at 12/31/2016

35years | * Normalized average of pension cash flows with durations between 6-18
0, 0,
Total 100% 122 100% \ ) years, mean = 12 years, standard deviation = 2 years
Source: Committee participant

¥k & £ ¥ ™ Barclays Bloomberg Long Government Credit 7 3%
J.;‘l\.ivatﬂﬁ.(glg) fidn A% o 5 4 10 £ 2 b EF oo
ET oV ERARFIRALEDIFEG B RAEL T

AEKIEA S S overweight B f 5> T FZ B F 72 EF &
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] 9 ~ Barclays Bloomberg Long Government Credit

W Long Corporate / Credit
M Long Government Credit
1 Long Duration Custom
M Long Treasury
Extended Duration (STRIPS)

Q1 2005 Q12007 Q12009 Q12011 Q12013 Q12015
Source: eVestment

iy O - i 20 EWE X

TR OP LT REFRTURBREFPIOPIF I ERD
o2 vt b 4%(8) 10) - B € B0 M e fT g 5 end)
AP & F41% STRIPS & jrd Bp S 4T oL 54
(&8 &) e M) e o P 4 40~50 E 5 E B

FoFURENEELR KRG FROPH2EDPKFT E B2

Y

PREFRA DT R R H L 20 BHHEAF G

\\\?{r

YRy FRWEHPFHFEFETRS o
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IG Corp Issuance Clusters Where Treasuries are Issued

Source: NAIC

) EFFEPGRAPGHEFET YA

Source: Bloomberg

L
-

Ko MAiad A 5 A 1525 & ¢

2PH0EDFEEEFNTRT > G LS FIRRKT S

VLA

P FEEDEE(FILT)-

11

NAIC Life Industry Asset Holdings (YE 2015) (% of Issuance 2014 - Q1 2017)
Book Carry .
Asset Class Value (Milions) o 30% | WIGCorporates
Treasuries

Public Fixed Income 2743933 T12%

Corporate Bonds 1680974  44% 25%

Munis 176,753 5% o

Agency RVBS 183025 5% g 20%

ABS & Other Structured 215876 6% ﬁ

US Government 151576 4% 5 1%

Private-Label CMBS 125,822 3% &

Private-Lavel RVBS 87011 2% 10%

Foreign Government 77,318 2%

Agency CMBS 2525 1% %

Hybrids 19423 1% |

0% LALN, I l1 ) e |
Other Asset Classes 1045530  28%
. 0 5 10 15 20 25 30 35 40
Total Assets (Book Carrying Value) 3789463  100% i
Maturity
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Difficult to Cash Flow Match Liabilities With Only 10yr/30yr Issuance
100 ~

80 -
2 9.5 year duration
L2 60 - liabili
< ke ty
- I N\
8 40 -

20

0 -

0 5 10 15 20 25 30 35 40

M Duration Neutral Asset Portfolio Cash Flows M Example Fixed Annuity Block Flows

Source: Committee participant

20 Year Issuance Improves Cash Flow Match

100 ~
- 20 year issuance would
2 80 - allow insurers to reduce No natural insurance
; 60 their 10s/30s barbell demand for ultra-long
"
o
= 40 -+ l
® 20 -
—

A | L l,

0 5 10 15 20 25 30 35 40 45 50

B Duration Neutral Asset Portfolio Cash Flows M Example Fixed Annuity Block Flows

Source: Committee participant
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100
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60

40

20

B 12 ~ 5 F 2 (22 STRIPS

Zero Coupon Bonds are Capital Efficient

for Cash Constrained Investors STRIPS Qutstanding and Coupon-Principal Yield Spread
Current 6 Coupon Notional (LHS) M Principal Notional {LHS) 30
opportunity Set . * Coup - P Spread (RHS)
.- 50 . 25
- Z
. - E 40 " L] 20
' — Coupon Bond § . . '
——STRIPs 530 s . 15
= = = |JltraLong z A My 0 g
= = =0IDZero 4 20 . at s L 10
...... Y4 .
________ 0 e 5
1Lk I pd bl Lbhblbh [L b | ‘ 0
(10) 5
30 50 ] 70 50 2017 2022 2027 2032 2037 2042 2047
Maturity Maturity

Source: Citi STRIPS Index data as at 3/31/2017

Source: Committee participant

FRNEFLY 2 E S JINTRA SR R ERE 2R

Z W50 EH o 2011 E um B RGF 30 EHOF 0T

"'rm
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ETFECB & * FRGHH TFMETE 30 £ 8 T 2 fF 5 i@ 30/50

AR~ (R 13 +)-
FRERA SRR 10 EH 0 oA 167% 3
# W2 118% ° £ 4v + & R 4F 7k 0 Pension Regulation £/ 7 &
B iE 5w g ko HIL50 &P AR A K 30 £ B

F2Z % (R 13 =)
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rﬁ;]lg\_ﬁ:‘\_%\%’—k’}l\(z@b%“f:ra'ﬁgrﬁf%*ﬂ—ﬁ W30/50/\/F’?

_mmmm 30-50 Yield Spread of Selected Foreign Sovereigns
60

Total Corp and Sov Issuance e France
Outstanding Maturity>10 1,134 2,501 444 517 224 50 | ss==Spain
years (SBN) 40 |=—Italy |
Belgium
Pension Plan Assets (SBN) 1,896 2,946 153 146 39 30 UK X
20 |

Pension Assets as % of Total "
Issuance > 10 years Lk U e g0

|"
0 E - .ﬁ
% Fixed Income Allocation ~ 51% 44% v :m o v |

10
Pension Fier Income Assets as 20 l
a % of Total Outstanding ~ 85% 52%

Issuance > 10 years -30
-40
Sources: Investment Company Institute Retirement Assets 2017, Willis 2 8 5 8 2 8 094 10 % v 9K
Towers Watson 2017 Global Pension Asset Study, Bloomberg, PPF Purple 9 8 3 3 83 83 8 383 88382 8 87
Book. UK data as at 3/31/2016, all other data as ot 12/31/2016
*Includes only corporate defined benefit pension plans
? Includes both c{eﬁned benefit and defined contribution plans Source: Bloomberg
- B3 [N N BT
(=) flm fl 8 B B 4E4e 5 2 905 4
-
TBAC* R4 > 50 & #p 2 100 & Hp 7 ) 5 4 Bk 30 & Ep

A~

o

% 7bp % 3bp-100 & ¥ f ¥ F] convexity' & @ & # 5 | F 10

50 i ) ff % (W] 14) > & & 7 £ BM At LRI R

1%“?\?’*?“;!50

N

2 HEA) AR o

> TBAC ¢ FFERAEZRFDFTFEEA e > £ F kp Brevan Howard ~ JPMorgan ~ BlackRock ~
BNY Mellon ~ Morgan Stanley ~ Barclays ~ Goldman Sachs ~ Citigroup ~ PIMCO ~ PGIM Fixed Income
0B FNMFE - S HEHE RO R 2 B AR R e RN e

4 Why is convexity so valuable? Mainly because as rates fall, a more convex bond will rally more than
a less convex bond; and as rates rise, a bond with more convexity will typically sell off less than a
less convex bond.
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Coupon Bond Zero Coupon Bond
Maturity Fitted Market Yield - o Fitted Market Yield T - . Fitted Market Yield T
Yield Deviation® Yield Deviation® Y| Yield Deviation®
10 2.30% 9.0 0.9 2.34% 7 10.1 1.1 10 1.10% -6 9.6 1.0
1t D se 15.7 20 2.85% -18 20.6 4.3 20 1.53% 14 17.7 3.5
30 2.91% 20.5 5.4 3.05% -7 313 9.7 30 1.65% -1 24.3 6.9
40 2.97% 239 7.9 3.12% 419 17.3 40 1.67% -14 29.7 10.8
50 2.98% 26.4 10.2 3.12% 521 268 50 1.66% -15 34.3 15.1
100 2.94% 32.1 18.3 2.88% 92.9 91.2 100 1.47% 50.6 37.8

Coupon Bond Zero Coupon Bond
. Fitted Market Yield Fitted ) Fitted Market Yield

MUty | Vield  Deviation' YT ™ | vyiew Dur  Conv | | Maturity | yielg  Deviation® Conv
10 2.19% 1 9.0 0.9 2.22% 10.0 1.0 10 0.90% 5 9.8 1.0
20 2.44% 1 16.0 3.0 2.49% 20.2 4.1 20 1.68% -5 17.8 3.5
30 2.48% o 213 5.7 2.53% 30.3 9.2 30 1.95% 1 239 6.8
40 2.46% o 255 8.6 2.48% 39.8 16.1 40 2.05% 5 28.6 10.3
50 2.41% 3 28.8 116 2.39% 48.6 243 50 2.08% 0 32.3 13.9
100 2.15% 394 253 1.89% 80.7 733 100 2.04% 42.6 293

Source: Committee participant model as of April 13, 2017
1 On the runs for US, Principal STRIPS for zeros, closest bond maturity for all other countries
Model used for fitted Treasury yield is a proprietary stochastic term structure model which fits fair value for bonds and bond volatility

T
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Simulated Tradeoff between Borrowing Cost and
Variability in Borrowing Cost*

TR

875% ~ & X

et A g

~

“5 e

Fi LI P

3.75 -

30®®s5o

*50

3.25 4

Average debt service [ GDP (%)

T T

1.0

15

*2 ills

T

2.0

Standard deviation debt service / GDP (%)

2.5

*Based on simulations in which Treasury issues debt only at the single maturity
point indicated (with no limits imposed).
cost realized in 20 years.

15

Results are based on the debt service
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20y DJscon “d dy Djman d 7 SC 30y D
TIPS I, nrro '3yﬂe Intro 30y Re-Intro 7y Re-intro FRNS Intro

J. + + 4
|l-lll|| mmay l"llllll
2,000

|
i
l
1,750
Hijiil =
| I 1,250
I | H 1,000

IIIII II -
III .

Sbn
2,500

100%.

90% 2,250
80%
70%

II.
=xl
L]
60% I III
0% I III
0% IIIi

30%
20%

10% 250

0%

‘80 '81 '82 'B3 '84 'B5 '86 87 'S8 '89 '90 '91 '92 '93 '94 '95 '96 'S7 '98 '99 '00 '01 '02 '03 04 05 '06 '07 '08 '09 '10 "11 '12 '13 '14 '15 '16 17
X X Annual Issuance* (right axis)
Source: Auction data from TreasuryDirect
* Gross issuance excluding bills
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Global Rates Strategy — Ultra Long Treasury Bonds: The Next Big
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Short Thoughts on Ultra-long Bonds. JP Morgan April 2017
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Aggregated Perspectives on Treasury Auction Sizes. The Treasury
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