Dataset Bond demand specification Safe assets, imperfect substitutes & monetary policy Conclusions

000000 0000000000 0000000000000 (e]e]

Global or Regional Safe Assets:
Evidence from Bond Substitution Patterns

Tsvetelina Nenova

LSE-Oxford Workshop in International Macroeconomics and Finance
London, 2-3 May 2024

The author is grateful to the European Central Bank for financial support of this research project under the Lamfalussy
Fellowship Programme. Any views expressed are only those of the author and do not necessarily represent the views of
the ECB or the Eurosystem.



Motivation: A Granular Look at International Bond Markets

> International bond markets key to understand:

* Role of global & regional safe assets in monetary policy transmission

* International monetary policy spillovers

> New perspective through demand elasticities of international bond investors:

* Own elasticities — degree of portfolio rebalancing

* Substitution elasticities — composition of portfolio rebalancing



This Paper: A Novel View of Portfolio Rebalancing

> Granular own- and cross-elasticities of demand by US & EA mutual funds

* Corp & govt bonds ~ 57% of global debt securities

* 140 countries, 60 currencies, of all maturities & credit ratings
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 Characterize segmentation & calibrate demand elasticities in preferred habitat models
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Data: $8.5trn of mutual fund bond holdings
@7 77 7(60% of fund holdings)

~11,000 Funds

- Morningstar: security-level
bond portfolios '

- 2007 - 2020 (quarterly)

- Coverage: 80% US & 40% EA -
(70% LU, 65% IE)

» Holdings over time,$bn » Holdings over time,%
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Flexible empirical model of bond demand

> Build on literature estimating downward-sloping demand for financial assets
using 10 techniques (Koijen and Yogo, 2019, 2020)

+ Simple, yet general specification to capture multitude of institutional details
& fit observed holdings

+ Flexible substitution patterns to assess market segmentation
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Characteristics-based bond demand

Panel Logit demand:

log (M

i (0) ) = OCT@PE’Z(['),;(”) +x; (")/ﬁ;-(,') + Xz(")/ﬁ%m +b;(n) 07 () + Ci + & ()
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Characteristics-based bond demand

Panel Logit demand:

log (M

Wi’,(o) ) = aT(i>Pe'ﬁX(i),t(n) +th (n)'ﬁ;m +X2(n)/ﬁj2(l) +bl‘(i’l)/67‘(,‘) + gij + 81‘,[(71)

wis(n), wi(0) : weight of bond n / outside asset in fund i portfolio at the end of quarter ¢

> ICAPM » From ICAPM to Characteristics-based » Characteristics-based demand functions

Predicted excess bond returns per;é(/.)_ [(n):

rx)((i),tJrh(n)( = Tx(i) t+h (n) — ’/;((;),t)
3 3
:A;;lg(i) yi(n) + B! rery i (n) + Z C;’{(i)f uspey. +f;Dl;c(i)f depcy, +F§'C(,-)'n +Ey(inith

» Regression output » Time-varying bond risk
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Rich bond & fund controls
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Rich bond & fund controls

Panel Logit demand:

log (Wi’l(n)

m) = aT(i>Pe'ﬁX(i),t(n) +th (n)/ﬁ;-(l) +X2(n)lﬁ%(” +bi(i’l)/67‘(,‘) + gij + 81‘,[(71)

wis(n), wi;(0) : weight of bond n / outside asset in fund i portfolio at the end of quarter ¢

» ICAPM » From ICAPM to Characteristics-based » Characteristics-based demand functions

Granular characteristics:
* x/ (n): Maturity, Amount Outstanding } Risk & Market Seements
s g s
 x”(n): Rating Bucket, Seniority, Country of risk, Currency of denomination

* b;(n): Bilateral fund-bond dummies } Mandates
(Home & Home Currency biases , Fund Investment Area , Government / Corporate bond mandate)

. . . . . Risk aversi
e iy =—log(pis)+ & s investor-time FEs capture risk aversion and other bond portfolio demand shocks } [skaversion

e & ,(n): unobserved variation in investor demand across bonds, at time ¢
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Fit of fund bond holdings above 70%

titutes & monetary policy

Panel Logit demand:

) = crpery (n) +xt () B}

log (Wi’t(n)

20,1\ R2 NORVF . .
wis(0) () X (n) .BT(,-) +bi(n) 07 + Cir + &4 (n)

wis(n), wi(0) : weight of bond n / outside asset in fund i portfolio at the end of quarter ¢

R2: 71% (US fixed income active) — 94% (EA fixed income passive)

> 2SLS a7y > Full 2SLSouput > Sensitivityby AUM > Sensitivity to per 12-month

Conclusions
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Bond demand elasticities

Individual fund elasticity: % change in fund i portfolio weight of bond j in response to 1ppt change in predicted excess
return of bond k:

(k) = dlog(wis(j)) ¥ 100 J oy (1—wiy(j))*100 if j=k,
Nis - aperiﬁt (k) B 7&7‘([) Wi'[(k) * 100 otherwise.

i fund; : quarter; j, k: bonds.

» Definitions ~ » Weights, Summary ~ » Own, Summary ~ » Cross, Summary
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Bond demand elasticities

Individual fund elasticity: % change in fund i portfolio weight of bond j in response to 1ppt change in predicted excess
return of bond k:

n[.zuk) =

dperi (k)

dlog(wi, (/) %100 Jargy (1—wif(j))*100 if j=k,
— 7&7(,7 wi (k) * 100 otherwise.

i fund; t: quarter; j, k: bonds.

Aggregate fund sector elasticity: % change in weight of bond j in aggregated fund sector portfolio in response to 1ppt
change in predicted excess return of bond k

— holdings-weighted average of individual elasticities:

AUM;w; - e
n.(jk) = dlog(wi(j))x100 ) Xiyy AUMZ,V,VW:% ar) (1=wig (7)) * 100 if j=k,
(Uk) = dper; (k) -Y; WME]()/)) (i) Wi (k) 100 otherwise.
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Bond demand elasticities

Individual fund elasticity: % change in fund i portfolio weight of bond j in response to 1ppt change in predicted excess
return of bond k:

T]z.z(ik) =

910g(wi () ¥ 100 [ @ (1—wif(j) ¥100 if j=k,
dperi (k) h —0Op(;y wiy (k) %100 otherwise.
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— Own demand elasticities vary across bonds and over time due to investor base
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Bond demand elasticities

Individual fund elasticity: % change in fund i portfolio weight of bond j in response to 1ppt change in predicted excess
return of bond k:

, 0 log(wi 100 (@ (1—wis (7)) %100 if j =k,
i) = 210801100 £ 100 _ {%( wiej))*100 if j=k

dper; (k) —0Op(;y wiy (k) %100 otherwise.

i fund; t: quarter; j, k: bonds.

Aggregate fund sector elasticity: % change in weight of bond j in aggregated fund sector portfolio in response to 1ppt
change in predicted excess return of bond k&

— holdings-weighted average of individual elasticities:

AUM; w;, ~ . e
dlog(wy(j)) * 100 Zzﬁ ar(y (1=wis(j))* 100 if j=k,
- AUM; wi,4(j)

k) =
i) dper;(k) — L S ) r(j) wiy (k) * 100 otherwise.

— Own demand elasticities vary across bonds and over time due to investor base

— Substitution driven by funds who hold both bond j and & at time 7: closest substitutes are those that experience greatest
spillovers from safe asset return changes

» Definitions ~ » Weights, Summary ~ » Own, Summary ~ » Cross, Summary

ubstitutes & monetary policy Conclusions
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Identification

> Instrument exogeneity: uncorrelated with investor-specific residual relative bond demand

E, {Si,t(") Zi(n) ‘ le (n), Xz(”)a bi(n), Gir| =0

X Broad and long panel of bond holdings — bond-specific exogenous supply or demand shocks not feasible
X No market clearing (fund sector holdings of bonds only) — Koijen and Yogo (2019, 2020) instruments not feasible
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Identification
> Instrument exogeneity: uncorrelated with investor-specific residual relative bond demand
1% {s,-’,(n) Z(n) ‘ x; (n), x*(n), bi(n), Gis| =0

> Monetary policy shocks that vary with bond maturity, country, currency:

Z,(n) = [FEDiv,(n), ECBiv,(n)’
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Identification

> Instrument exogeneity: uncorrelated with investor-specific residual relative bond demand
1% {s,-’,(n) Z(n) ‘ x; (n), x*(n), bi(n), Gis| =0

> Monetary policy shocks that vary with bond maturity, country, currency:
Z,(n) = [FEDiv,(n), ECBiv,(n)’

v' Fed & ECB surprises to the entire yield curve (Giirkaynak et al., 2022; Altavilla et al., 2019)
V' Cleaned from central bank information effects (Jarociriski and Karadi, 2018)

V' Heterogeneous international spillovers by country & currency conditional on yield curve segment (Miranda-Agrippino
and Nenova, 2022)

» Monetary policy instruments ~ » IV correlations ¥ First stage specification  » Demand-Supply basic ~ » Demand-Supply OLS vs IV

» First stage F-stats > First stage Fed coefs » First stage ECB coefs



Bond demand specification
0000000008

Stock-take: Methodological advances

1. Flexible functional form allows flexible substitution estimates
» Compared to Nested Logit in global demand system of Koijen and Yogo (2020)

2. Precision from more granular data:

 Fund-level holdings and characteristics = fund-specific & time-varying risk aversion +
heterogeneous mandates / preferred habitats

» Security-level bond holdings and characteristics = market segmentation along many dimensions
possible (country, currency, rating, maturity, issuer type...)

3. Broader scope than previous demand estimation : 57% of global debt securities outstanding

4. New instruments for bond returns in a demand setting without market clearing
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e Safe assets, imperfect substitutes & monetary policy
o Safety relative to other bonds
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Safe assets have low demand elasticities

dlog(w,(j))*100 Zz ):AUM,,W,/U) ~ (1 _ W[,t(j)) «100

Own demand elasticity:  1;(jj) aper () ATM, () O7(0)
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Safe assets have low demand elasticities

dlog(w,(j )*100_212AUM,1WH(1) 5 >(1_w[,(l))*100

Own demand elasticity:  1;(jj) aper () AT ()

Credit rating

‘\50 200 250
E\asilcliy alng w(()*100 / dper(j): median across buckets
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Safe assets have low demand elastlcltles

dlog(w,(j )*100_212AUM,1WH(1) 5 >(1_w[,(l))*100

Own demand elasticity:  1;(jj) aper () AT ()

Credit rating Issuer region

Emerging LatAm

Emerging Europe

Emerging AsiaPac

Emerging Middle East, Central Asia, Affica

Advanced other

UsA

EA periphery

EA core

0 1 50 200 250
E\asilcliy alng wij)*100 / dper(j: median across buckets Elnstcly iog ()10  Jpr( medan acrass bi

Conclt
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Safe assets have low demand elasticities

Own demand elasticity:  1;(jj)

dlog(w,(j))*100 _ AUMwi() o
oga;verr(] =Y, S AT ) 070 (I —wi(j)) =100

Credit rating Issuer region Bond maturity

Emerging LatAm

Emerging Europe

Emerging AsiaPac

Emerging Middle East, Central Asia, Affica

Advanced other

UsA

EA periphery

EA core

0o 150 200 250 Sy e e 50 100 1 200
Elasticity alng w100 / dper(j): median across buckets Elasity dog w100 oper() mecian across bux Elasticity dlog w,(j)*100 / dper(): median across buckets

Note: Medians across sovereign bond buckets. Time averages of bucket-level elasticities of the total fund sector.

» Corporate > All bonds » Bond currencies > Asset types » By fund residence
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Spillovers from US T-bill returns 1: Funds de-risk

Cross-elasticity:  n,(jk) = %vf(’,g)) *100 =Y %% (- (i) wig (k) * 100)
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Spﬂlovers from US T- b111 returns 1: Funds de-risk

Cross-elasticity:  n,(jk) = %W(’(’))) *100=Y; % (= ;) wig (k) *100)

Credit rating

AAA-AA

15 4 -5 0
Elasticity dlog (w()) *100 / dper(k): median across bucke
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Spﬂlovers from US T-bill returns 1: Funds de-risk

dlog(wi(j)) AUM; w1, (j)

CrOSS'elaSticity: n[(]k) dper, (k) 100 = Zl m ( — &T(i) Wit (k) * 100)

Credit rating Issuer region

e $ bonds

BB USA

Emerging LatAm
Advanced other
Offshore non-EA

B-D

Emerging AsiaPac

RoW

Offshore EA

Emerging Europe

Emerging Middle East, Central Asia, Affica

AAA-AA

EA periphery

EA core

}EA

-1.5 o -5 0 EEOREIEEN
Elasticity dlog (w(j)) *100 / dper,(k): median across bucke Elastiy iog (w(]) 100 per: median across b

Conclt
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Spﬂlovers from US T- b111 returns 1: Funds de-risk

Cross-elasticity:

Credit rating

dlog(w: (j))

BB

B-D

AAA-AA

15 3l -5 0
Elasticity dlog (w(j)) *100 / dper,(k): median across bucke

dper,(k)

Issuer region

Supra non-£U
usa

Emerging LatAm

Advanced other

Offshore non-EA

Emerging AsiaPac

Ofshoro EA

Emerging Europe

Emerging Middle East, Contral Asia, Affica
EA poriphary

EA core

%100 = Zl ):Ali]ljyuwtl(])

z,th,t(l

$ bonds

RoW

}EA

2 s 41 5 0
Elasticity dlog (wi() *100 / dper(K): median across br

Note: Medians across all bond buckets. Time averages of bucket-level elasticities of the total fund sector.

» Sovereign

» Corporate  » US funds

» EAfunds > US I-5y

» US5-10y

> US 10y+

)) ( — &T(i) Wi_’t(k) * 100)

Bond maturity

underly

5-10y

over10y

2 A5 -1 -5 0
Elasticity dlog (w(j)) *100 / dper,(k): median across bucke
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US monetary policy triggers global rebalancing
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Spillovers from DE T-bill returns 1: Funds sell other EA safe short bonds

Cross-elasticity:  1,(jk) = 7‘9:;;5:(’%)) x100=Y; 7):‘?5%‘4’?;%» (= 07 (i) wia (k) * 100)
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Spﬂlovers from DE T- b111 returns 1: Funds sell other EA safe short bonds
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Credit rating
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Spﬂlovers from DE T- b111 returns 1: Funds sell other EA safe short bonds

Cross-elasticity:  n,(jk) = %W(’(’))) *100=Y; %m (= ;) wig (k) *100)

Credit rating Issuer region

EA core

EA periphery

Advanced other
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Flight to safety #2: Relative safety of Treasuries vs US BBB corp. bonds
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Flight to safety #2: Relative safety of Treasuries vs US BBB corp. bonds

s | ’ $100bn QE — $14bn BBB bought ‘ k§
<
g o
= T
- = w
2 8| S
= g <
n = LS
il 3 .
@« 2 8 |
) m &
B
o o
E 8 ‘ $100bn QE — $28bn BBB bought e
2
" 200791 201093 201491 201793 202191

l — X-Elasticity - All funds - MOVE

Black line: Substitution elasticity of BBB-rated US corporate bonds with maturity of over 10 years
w.r.t. 1ppt change in predicted excess returns on US Treasury with maturity over 10 years.

» Back of envelope



Safe assets, imperfect substitutes & monetary policy
000800

Flight to safety #3: Relative safety of German Bund vs Spain
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Forms of flight to safety: US vs EA

US: Monetary policy transmission to risky assets is impaired during crisis

EA: European sovereign debt market integration deteriorates

= Calibration & composition of central bank policies should be state-contingent
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Lessons for theory & policy

1. Market segmentation in international bond portfolios

— Global vs regional safe assets
— Demand elasticities to calibrate preferred-habitat models

2. Flight to safety affects monetary policy transmission

— US Treasuries vs risky corporate bonds
— EA sovereign debt market

3. New way to track bond market fragmentation
— At time of geopolitical shifts
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Lessons for theory & policy

1. Market segmentation in international bond portfolios

— Global vs regional safe assets
— Demand elasticities to calibrate preferred-habitat models

2. Flight to safety affects monetary policy transmission

— US Treasuries vs risky corporate bonds
— EA sovereign debt market

3. New way to track bond market fragmentation
— At time of geopolitical shifts

Thank you!
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Safe Asset Definitions

. Krishnamurthy & Vissing-Jorgensen (2012):

"[T]he superior liquidity of an asset will lead investors to pay a higher price for that asset. [...]
A second benefit of Treasuries is that they are widely believed to provide absolute certainty of nominal repayment.

"

. Caballero, Farhi & Gourinchas (2017):

"[...] a safe asset is a simple debt instrument that is expected to preserve its value during adverse systemic events."

. He, Krishnamurthy & Milbradt (2019):

"Investors expect that other investors will invest in the country with better fundamentals, and thus relative valuation
determines which country’s bonds have less rollover risk and consequently more safety."

. He & Krishnamurthy (2020):

"Financial market participants use safe assets to meet liquidity and transaction needs, as high-quality collateral for
loans and derivative contracts, and as default-free stores of value."

. Gorton (2017):

"A safe asset is an asset that can be used to transact without fear of adverse selection; that is, there are no concerns
that the counterparty privately knows more about the value of the asset. Safe assets can also be used to store value
through time."

. Holmstrom (2015);

"... a safe asset is an asset taken at face value with no questions asked"
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Security-level bond holdings of international investors

> Bond portfolios of US & EA mutual funds & ETFs
* Morningstar quarterly holdings data (2007 — 2020) + Refinitiv bond pricing & reference data

» Holdings worth $8.5 trillion of funds managing $11 trillion total assets:
~80% of aggregate debt security holdings of US funds;
~40% for EA funds (but with 70% coverage for LUX, 65% for IRL)

> Focus on ’plain vanilla’ government & corporate bonds
e 70% of funds’ bond holdings
e Excludes: ABS, floating-rate, inflation-protected, convertible, perpetual securities & municipal bonds

 Face value >$74 trillion, or 57% of global debt securities** (78% for government, 33% for corporate bonds)
**BIS debt securities statistics



Data extra
00800000000000000000

Coverage of EA funds’ holdings of debt securities
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Coverage of funds’ holdings of debt securities
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Fund types

> Fund heterogeneity in 3 dimensions:  Currency area, Asset Class, Bond Active Share
— 8 fund types

10,902 funds

US (3,202) EA (7,700)

Fixed income (2,463) Balanced (739) Fixed income (4,648) Balanced (3,052)

Active (1,221) Passive (1,242)  Active (211) Passive (528)  Active (2,528) Passive (2,120) Active (1,491) Passive (1,561)
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Funds grouped into 8 types:
US/ EA, fixed income/ balanced, passive/ active

V" Funds resident in US and EA differ in size & portfolios;
v' Fixed income and balanced funds differ by share of bond portfolio in overall wealth;
v Passive and Active funds likely to differ starkly in sensitivity to bond returns.

Number of AUM USDmil AUM USDmil Active Share % Active Share %
Fund Type Funds %All-fund AUM %Outstanding (Median) (90th Percentile) (Median) (90th Percentile)
US bond passive 524 20 0.95 294 3,446 33 45
US bond active 676 29 1.35 384 4,404 45 56
EA bond passive 949 9 0.62 142 1,069 35 44
EA bond active 1,006 13 0.73 187 1,547 45 53
US balanced passive 135 8 0.10 316 3,876 27 41
US balanced active 203 13 0.25 350 4,013 41 51
EA balanced passive 375 2 0.05 62 516 35 45
EA balanced active 595 5 0.15 89 876 45 51

Bond Active Share : Sum of absolute bond portfolio weight deviations from market-value-weighted fund bond universe weights, divided by 2
(Koijen, Richmond and Yogo, 2020b). Passive / Active : funds with below- / above-median Bond Active Share, on average over time.
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Funds summary by year

AUM USDmil AUM USDmil Active Share % Active Share %

Year Number of Funds 9%Outstanding (Median) (90th Percentile) (Median) (90th Percentile)
2007 2,086 2.31 184 1,686 40 49
2008 2,487 2.29 162 1,463 40 49
2009 2,903 2.80 143 1,237 40 50
2010 3,236 3.58 169 1,530 40 50
2011 3,603 3.47 159 1,558 41 50
2012 3,950 3.80 160 1,690 41 50
2013 4,253 3.95 172 1,854 41 50
2014 4,660 433 172 1,987 41 50
2015 5,078 4.81 164 1,918 41 50
2016 5,429 5.05 164 1,937 41 51
2017 5,726 5.45 178 2,042 41 50
2018 6,018 5.36 178 2,130 41 51
2019 6,471 5.85 182 2,097 41 53
2020 6,586 5.68 192 2,188 42 56

Bond Active Share : Sum of absolute bond portfolio weight deviations from market-value-weighted fund bond universe weights, divided by 2
(Koijen, Richmond and Yogo, 2020b). Passive / Active : funds with below- / above-median Bond Active Share, on average over time.
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Data extra
00000008000000000000

Previous Quarters

Fund Type 1 2 3 4 5 6 7 8 9 10 11
US bond passive 92 93 93 94 94 95 95 95 95 95 95
US bond active 9 91 92 92 93 93 94 94 94 94 94
EA bond passive 91 92 93 93 94 94 94 95 95 95 95
EA bond active 89 90 91 92 93 93 93 93 94 94 94
US balanced passive 93 94 94 95 95 95 95 95 95 95 96
US balanced active 90 91 92 92 93 93 93 93 94 94 94
EA balanced passive 91 92 93 93 94 94 94 94 94 95 95
EA balanced active 89 90 91 91 92 92 92 93 93 93 93
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Summary of funds’ bond portfolios

All funds EA bond US bond EA allocation US allocation EA MMFs
Portfolio of: mean mean mean mean mean mean
Mat. bucket underly 0.20 0.08 0.07 0.11 0.07 0.85
Mat. bucket 1-Sy 0.39 0.41 0.39 0.43 0.38 0.33
Mat. bucket 5-10y 0.36 0.39 0.39 0.37 0.38 0.26
Mat. bucket over10y 0.21 0.21 0.21 0.18 0.20 0.31
Weighted maturity 6.51 741 8.01 6.58 8.09 1.01
Rating bucket AAA-AA 0.44 0.37 0.38 0.50 0.42 0.53
Rating bucket A 0.22 0.22 0.18 0.20 0.19 0.33
Rating bucket BBB 0.27 0.30 0.28 0.25 0.25 0.29
Rating bucket BB 0.10 0.11 0.14 0.08 0.10 0.06
Rating bucket B-D 0.07 0.10 0.10 0.06 0.07 0.03
Asset type cor 0.57 0.55 0.61 0.47 0.59 0.68
Asset type sov 0.46 0.48 0.42 0.54 0.43 0.40
Asset type sup 0.04 0.05 0.02 0.06 0.01 0.09
USD bonds 0.63 0.51 0.88 0.27 0.89 0.64
EUR bonds 0.47 0.63 0.15 0.69 0.10 0.87
CHF bonds 0.30 0.30 0.03 0.42 0.04 0.79
JPY bonds 0.15 0.14 0.11 0.08 0.11 0.36
GBP bonds 0.14 0.12 0.05 0.06 0.04 0.60
US bonds 0.42 0.25 0.68 0.18 0.75 0.18
DE bonds 0.11 0.12 0.04 0.18 0.03 0.15
FR bonds 0.10 0.12 0.02 0.14 0.02 0.21
IT bonds 0.09 0.10 0.02 0.11 0.02 0.21
ES bonds 0.06 0.07 0.02 0.08 0.01 0.14
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Bond grouped into buckets:
Country-Sector-Currency-Rating-Maturity

v" Reduce dimensionality of bond portfolios from >85,000 constantly changing securities to 5,000 buckets
V' Align with portfolio managers’ allocation decision
v/ Retain granularity in 5 dimensions:
Top buckets by overall fund holdings, MV as of end-2020
1. Country of risk: 140 countries

2. Issuer type (parent): Sovereign / Corporate /
Supranational

3. Bond denomination: 60 currencies

4. 5 bond credit quality buckets: "AAA-AA", "A", "BBB",
"BB" "B-D"

5. Years to maturity: "<[Iy", "I-5y", "5-10y", ">10y"

400
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lékci)sgcci;ice)sc)eé()[g)aoOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
Data: $8.5trn of mutual fund bond holdings

0% of fund holdings)

~5,000 Types of bonds @ :
- Refinitiv: bond returns & characteristics
- 2002 - 2020 (monthly)

A /
_ - Plain bonds: ex ABS, munis, floating, inflation, convertible
- Face value: $74 trillion or 57% of global outstanding debt secs
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Focus on govt + corp ’plain’ bonds

¢ Government and corporate bonds: for >80% of debt securities held, rest almost entirely ABS

¢ ’Plain’ bonds*: 70%
*Government and corporate bonds excl. floating-rate, inflation-protected, convertible, perpetual securities &
municipal bonds
¢ Priced (via Refinitiv): 60% of all Morningstar fund holdings
 Face value >$74 trillion, or 57% of global debt securities** (78% for government, 33% for corporate bonds)
**BIS debt securities statistics

Total market value of fund positions by security type

4,000 6000 8000
USD billion

2,000

0

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

] bonds—plai bonds—-oth
I Corp. bonds--plain Corp. bonds--other
I ABS [ Derivatives

I Other I Perpetuities/shares
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Optimal portfolio choice of international bonds

Standard international portfolio choice with short-selling constraint:

* Fund i chooses portfolio weight to maximize wealth defined in home currency:

1=pi;

A.
max ]Ei_,[ it ]
Wit "L —pi;
st Ajgrt = AigRigr1(0) + W, (Rip1 — Rig 1 (0)1)]; wi; > 0; 1w, <1

2
* Optimal portfolio weights: Wi, = (pisZig)~! (EL, [l'i.rH —Firtl (0)1} + % +Air— /l,y,l)

Departure #1 from Koijen and Yogo (2019, 2020):

¢ Time-varying risk aversion in line with extensive empirical evidence (Bauer, Bernanke and Milstein, 2023)
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From ICAPM to characteristics-based demand
Koijen and Yogo (2019) assumptions:
1. Investors’ information set collected in vector of bond characteristics X; (n):
Yii(n) = [Ri(n), vec[&i (n)&; (n)], ...]
2. Bond returns have a factor structure:
L =Tul+ %A %:>0

3. Expected bond returns and factor loadings depend on observable characteristics:

O-i%t / .
Eis[risr1 — rig+1(0)1] + ) = Yie(n)'®i+ ¢

Lis(n) = yie(n)" Wi+ iy
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Characteristics-based demand tackles dimensionality problem

> Assuming bond returns have a factor structure + expected bond returns & factor loadings depend on
observable characteristics %; ;(n) (Koijen and Yogo, 2019):

feXp{X” ﬁz}
I+Zm 1pi, CXP{XH )/31‘}

wis(n) =

.. of all bonds in investor portfolio m € {1,..,.4;,}, not just bond n. With over 5,000 bonds — dimensionality
problem!

> Qutside asset weight completes model of fund asset allocation:
1
]“"Zm 19, exp{le ﬁz}

wi(0) =

— e.g. unreported bond holdings, equity, cash;
— helps reduce dimensionality of empirical problem
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Adding time-varying, bond-specific risk

Panel Logit demand with additional bond risk control:

o (26

wi(n), wis(0) : weight of bond n / outside asset in fund i portfolio at the end of quarter ¢

) = aygypery ) (1) + Yo Riski (n) +%; (n) By ;) +3% () B7 ;) +bi(n)' Ori) + i + €1.4(n)

Bond risk Risk,(n):

Risk;(n) = VIX; x Rating,(n)
Risk;(n) = VIX; x Median[rxy ;) ;.,(n)]
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Elasticity definitions w.r.z. bond price and yield

Elasticity definitions w.r.z. bond price:

s logQil) _ AUM; wi4(j) _ . i
M) == Fasrily = L aUM ) \ 0 (17l 100+ i 1
0 (i)
Mean S.D. Median 1st %ile  99th %ile Obs.

Total Fund Sector ~ 230.08  357.08 91.80 11.90 1,571.15 110,529

Elasticity definitions w.r.z. bond yield:

xy (e _ dlog04()¥100 _ . _dlogai) \ _ AUMiwieG) (= 0 “h .
1 (if)
Mean S.D. Median 1st %ile  99th %ile Obs.
Total Fund Sector ~ 421.98  175.75 381.58 129.09 880.31 110,529

Note: Summary statistics over aggreg sticities, varying by bond buckets and time.
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Portfolio weight statistics

Fund Type Mean S.D. Median Ist %ile  99th %ile Obs.
US fixed income  0.013  0.041 0.003 0.000 0.169 2,447,997
EA fixed income  0.015  0.037 0.006 0.000 0.157 4,474,696
US balanced 0.005  0.017 0.001 0.000 0.067 629,988
EA balanced 0.010  0.027 0.003 0.000 0.104 1,397,732
Total 0.013  0.036 0.004 0.000 0.148 8,950,413

Note: Statistics calculated over bond bucket weights in individual fund portfolios, over time.
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Demand elasticities vary across bonds

Aggregate fund sector: % change in weight of bond j in aggregated fund sector portfolio in response to 1ppt change in its
predicted excess return

 log(m() =100
ne(if) = dper,(j) - Z Y (AUM; iwi (7))

i

AUM; wi,(j .
UMiwiald) 5 (1 (i) 100

— holdings-weighted average of individual elasticities

Summary statistics of elasticities

Mean S.D. Median 1st %ile  99th %ile Obs.
Total Fund Sector  180.40  75.41 164.84 55.01 378.96 110,529

Note: Statistics calculated over aggregate elasticities, varying by bond buckets and time.
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Safe asset return spillovers via bond substitution

Aggregate fund sector substitution elasticity:  n,(jk) = %’:},{(?) x100=Y; %’% (- Or(iy wis(k) * 100)

— Substitution driven by funds who hold both bond j and k at time #: closest substitutes are those that experience greatest
spillovers from safe asset return changes

Summary statistics of aggregate fund-sector elasticities

Bond k£ Mean S.D. Median 1st %ile  99th %ile Obs.

US sov <ly -1.15 283 -0.35 -12.80 -0.00 77,243

DE sov <ly -0.25  1.17 -0.03 -3.91 -0.00 61,952

CHsov <ly -0.01 0.17 -0.00 -0.11 -0.00 17,242

JP sov <ly -0.31  1.73 -0.03 -5.26 -0.00 54,345
Note: Statistics calculated over elasticities, varying by bond buckets and time.
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Monetary policy shocks

Yield curve surprises around Fed & ECB monetary policy announcements:
* Fed surprise data from Giirkaynak et al. (2022) (update of Giirkaynak, Sack and Swanson (2005))
v/ Jan-1991 to Jun-2019
v reactions of US FF, ED futures, and Treasury bond yields
* ECB surprise data from Altavilla et al. (2019)
v Jan-1999 to Dec-2021
v reactions of €0IS, DE, FR, IT, ES yield curves

Construct 2 monetary policy shocks for each bond bucket (one Fed, one ECB shock):

1. Raw high-frequency surprises data:
v Fed surprises to US yield curve (Giirkaynak et al., 2022): PC of sub-1y $MP/ED & €OIS; 2-, 5- & 10-year government bond yields;
v ECB surprises to euro area yield curves (Altavilla et al., 2019): PC of sub-1y €O0IS; 2-, 5- & 10-year government bond yields of
Germany, France, Italy, Spain

2. Clean each surprise from information effects:
v Jarocinski and Karadi (2018): negative correlation of yield change and respective equity index

3. Interpolate yield curve shocks to maturity of each bucket

Sample period: Month-end bond data from Jan-2002 to Jun-2019.

Exogeneity assumption:

100

B[ () 2% D Do) | 5L, 00 ), 6] =0

7=
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First stage regressions

1. Panel regressions by bond country-currency pair cx:

(at least 1,000 bucket-month observations)

perﬁt(n) = a{ﬁfFEDiv,(n) + aECBECBiV;(n) + i exXi () + € oxRisk; + dj s (n)

i,cx

2. Panel regressions by bond country c:

® pool remaining country-currency pairs with few observations/low F-stat by country

® add bond currency fixed effects
3. Panel regressions by bond currency x:

® pool remaining country-currency pairs with few observations/low F-stat by country
® add bond country fixed effects

4. Panel regression for all remaining bonds RoW:

® both bond country and currency fixed effects

Sample period: Month-end bond data from Jan-2002 to Jun-2019.
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o]

First stage F-stats

References

per3mEUR regression: IV-only Fstats

per3mUSD regression: IV-only Fstats

001

Bond sample

Bond sample

fective F-stat  * o worst case bias
[ Effective F- CV 30% bi

‘ [ Effective F-stat ¢ CV 30% worst case bias ‘
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per3mEUR regression: fedMP_ipol

Bond sample

Estimation extra

000000

Identification extra
00000000000000000000 000080000
per3mUSD regression: fedMP_ipol

Data extra

Bond sample

Heterogeneous bond spillovers from Fed shock

References

o]
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Elasticities extra

per3mEUR regression: ecbMP_ipol

Bond sample

Estimation extra

000000

Identification extra
00000000000000000000 000008000
per3mUSD regression: ecbMP_ipol

Data extra

Bond sample

Heterogeneous bond spillovers from ECB shock

References

o]
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Monetary policy shock correlations

Ted_ff4_MP. fed_uspel_MP fed_us2y_MP fed_us5y_MP fed_us10y_MP ecb_con3m_MP ccb_conpcl_MP cb_con2y_MP cb_consy_MP ccb_conl0y_MP
Ted_ff4_MP. 1.000
fed_uspel_MP 09307 1.000
fed_us2y_MP 0746 0883 1.000
fed_usSy_MP 04617 0671+ 0.866" 1.000
fed_us10y_MP 02327 04250 0609 0876 1.000
ecb_con3m_MP 0079 -0.004 0051 0.006 0029 1.000
ech_conpel_MP 0070 0012 0028 -0.009 0037 0978 1.000
ccb_con2y_MP 0019 -0.049 0047 0041 0034 0776+ 0862+ 1.000
ecb_conSy_MP -0.096 0125 0122 0048 0024 0565 0635 0.880"" 1.000
ecb_conl0y_MP 0041 -0.068 0072 0019 0015 03217 0395+ 06827 08917 1.000
N 276
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Stylized identification in principle
Demand curve shifts (OLS)

P
D1 Q2 s1
“
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Stylized identification in principle
Demand curve shifts (OLS)

P
D1 Q2 s1
“
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Pag RSSO YIS, Identification extra L\H‘\‘H:A'\‘\““jj extra Elasticities extra
Stylized identification in practice

Demand curve shifts more (OLS) Supply curve shifts more (IV)

P D2
D1 s1D2 s2 PDl D2 s1 s>
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- . oh _ =
Predicted excess returns: pers . () =7y 3) 140 (1)

3 3
Xy (i) a4 () = AZ(I') yi(n) +B§1 rery (i) (1) +f; C;'c(i)/ uspcy s +/; D]Z1<i);f depcy +F;(i),n +Ey (i) ni+h

USD excess returns EUR excess returns
[©) 2) [©) [©)
g +3 (1) ™g1+12(1) e r13(1) e r+12(7)
vi(n) 23147 1.9765°F yi(n) 22957 1.898%%F
(0.285) (0.082) (0.226) (0.085)
rerg () -0.614*%* 04497 rerg ;(n) 0.473%%* 0.412%%%
(0.068) (0.024) (0.054) (0.024)
US Level -0.046%* -0.045%%* US Level 0.006 0.008
(0.020) (0.006) 0.014) (0.007)
US Slope 0.242%%* -0.136%%* US Slope 0.221** 0.166***
(0.083) (0.026) (0.090) (0.032)
US Curvature 0.436 -0.146 US Curvature -0.214 0.348++*
(0417) (0.137) (0.320) (0.134)
DE Level 0.002 0.0174%* DE Level 0.053%** -0.049%%*
0.017) (0.003) 0.011) (0.005)
DE Slope 0.476%** 0.296%** DE Slope 0.067 0.062*
(0.128) (0.038) (0.092) (0.035)
DE Curvature 0.145 -0.134 DE Curvature -0.729 -0.543%%*
(0.603) (0.185) (0.448) (0.166)
Obs 305,449 306,279 Obs 305,430 306,279
Adj. Rsq. 0.11 039 Adj. Rsq. 0.09 037
Within Rsq. 0.09 032 Within Rsq. 007 030
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2SLS estimates of o(;) by fund type

wii(n) —3
log (WI t(o) ) = o(peryy (n) + X, (”)/ﬁrl(i) +x (”)/ﬁ%(;) + bi(”)leT(i) +Gis+€is(n)
it
US fixed income US balanced
EA fixed income EA balanced

p/e\r??" (n): fitted values of 3-month-ahead predicted excess returns from first stage IV regression (monetary policy shocks)
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Demand estimates by fund type

[ [E]) ® @ ©) © [ ® ©) 110) [ )
US fixed inc.: Passive Active FA fixed inc.: Passive Active US balanced: Passive Active EA balanced: Passive Active
pery, 061" 38106 7825 05537 16549 2.0080 2114 25316 06797 T4376 0.6636
©.8911) (1.2166) (0.8799) ©0.4221) 0.6108) (0.4829) (1.2432) (1.5947) .1180) ©.5918) (1.0042) 0.5906)
Maturity 0.0089° 00073 0.0078 00022 -0.0005 -0.0019 0.0065 00037 0.0084* 0.0081°** 20,0104 0.0062*"
(0.0045) 0.0051) 0.0052) ©0.0016) 0.0022) ©0.0019) (0.0049) (0.0059) (0.0046) (©.0026) (0.0036) 0.0026)
AAA-AA=] 02587 06261 -0.0054 o181 02677 00236 02130 03670 0.0044 02997 049777 02278
©.1116) (0.1583) (0.1323) (0.0626) (0.0870) 0.0801) (0.1348) (0.1651) (0.1448) (0.0852) (0.1424) (0.0863)
A=l 02390 06335 00325 0.0390 01681 00013 0.3286" 0.5546" 0.0686 01209 03473 00574
(0.1006) (©.1641) (0.1198) 0.0579) (0.0803) 0.0760) (0.1290) (0.1550) (0.1366) 0.0793) ©.1301) ©0.0815)
BBB=I 0.2247° 05949 0.0846 00545 01820 00273 02735* 0.5038° 0.0681 0.1311° 03297 00710
©.1152) ©.1717) ©.1297) 0.0544) ©0.0758) ©0.0714) ©.1427) (0.1679) (0.1485) 0.0723) ©.1231) ©0.0734)
BB=1 01191 02917* 0.0906 0.0260 -0.0043 0.0435 0.1458 025437 0.0839 00731 0.2008* 00327
(0.0889) (0.1308) (0.1330) 0.0552) (0.0666) 0.0762) (0.0953) (0.0949) (0.1359) (0.0653) (0.1046) 0.0627)
Amt. Outstanding 037747 046467 03293 03063 03776 02613 04384 04876 03468 02518 031877 02239
0.0236) 0.0294) 0.0262) ©0.0091) 0.0142) 0.0103) 0.0293) (0.0306) ©0.0321) ©.0119) (0.0180) 0.0135)
Bond Seniority 00172 00057 -0.0063 -0.0063 -0.0063 -0.0022 00126 00472 00029 00181 0.0267* 0.0155
©.0141) ©.0174) 0.0148) (0.0066) ©.0101) (0.0064) ©.0215) 0.0328) 00164 (0.0098) 0.0148) ©.0102)
Home Bond 0.0000 0.0000 0.0000 0.0651°** 0.0689*" 0.0730°** 0.0000 0.0000 0.0000 0.0021 00220 00618
© © © 0.0235) 0.0298) 0.0270) © © © ©.0401) ©0.0471) ©0.0482)
Bond in Fund Investment Area 03224 0.1459" 03249 023737 0.1472°*" 0.2658°"" 0.1569 00134 0.3437° 0.1301°* 0.0947° 0.1442
©.0612) (0.0820) (0.0595) 0.0343) 0.0359) ©0.0401) (0.1203) (0.1481) (0.1400) (0.0632) (0.0504) (0.1020)
Govt Bond=1 X Govt Fund=1 06442 05432 06678 0.6976""" 063427 0.6875°"" 13049 128107 09791 09272 086307 0.9585"""
(©.0854) (0.1309) (0.1067) (0.0420) (0.0564) 0.0536) (0.1462) (0.1882) 0.2972) (0.0838) (0.1062) (0.1083)
Govt Bond=1 X Mixed Fund=1 02150 02198 01904 029277+ 03476 0,192+ 03460 03750 02319"" 03428 03930 03205
©.0651) ©0.0730) (0.0610) 0.0296) ©0.0367) 0.0306) (0.0685) (0.0833) 0.0672) 0.0327) (0.0453) 0.0337)
Corp Bond=1 X Corp Fund= 03062 01492 03671 0.2150°*" 00384 025527 -0.1101 0.4955"*" 01354 0.0804 0.2476"*" 0.1435*
©.1138) ©.1078) (0.0939) (0.0394) (0.0455) ©.0374) ©.1384) ©.1257) 0.1289) 0.0686) (0.0557) ©.0757)
[ TO33.880 07,205 TO98.618, 3208199 1239624 T929.587 533547 326818 97815 T020864 328895 GR657%
DoF 1933.701 807.038 1,098,444 3204005 1239447 1929394 533,389 326,670 197,659 1.020,689 328738 686,699
Adj. Rsq-Within 0.16 026 011 017 028 012 022 027 014 015 024 012
Adj. Rsg. 082 089 071 091 094 088 081 085 072 0380 084 078
Fund X Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Bond country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Bond currency FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
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References

Or(;y by Small vs large funds

US fixed income US balanced

EA fixed income EA balanced

[m Al = Small ® Large |
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or(;) by Active/Passive for 12-month returns

US fixed income US balanced

10
L

EA fixed income EA balanced

m Al Passive ® Active ‘
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Corporate bonds elasticities

Credit rating Issuer region Bond maturity

Offshore EA
Advanced other under1y
Emerging LatAm

& £

merging Europe overt0y

UsA

Offshore non-EA
5-10y

Emerging Middle East, Central Asia, Africa

Emerging AsiaPac

EA periphery 1-5y

EA core

0 100 200 00 h P 0 50 100 150 200 250
Elasticity dlog w(j)*100 / dper,(j): median across buckets Elasticity dlog wi(j)*100 / dper(j): median across buc Elasticity dlog wi(j)*100 / dper,(j): median across buckets

Note: Corporate bonds only. Time averages of bucket-level elasticities of the total fund sector.
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All bonds elasticities

Credit rating

0 100 200 00
Elasticity dlog w(j)*100 / dper,(j): median across buckets

Issuer region

Offshore EA

Supra non-EU

Advanced other

USA

Offshore non-EA

Emerging LatAm

Emerging Europe

Emerging AsiaPac

Emerging Middle East, Central Asia, Africa
EA periphery

EA core

0 100
Elasticity alog wi(j)*100 / dper(j): median across buc

Note: All bonds. Time averages of bucket-level elasticities of the total fund sector.
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Bond maturity

1-5y
5-10y
over10y

under1y

0 5 100 200 250
Elasticity dlog w(j)*100 / dper,(j): median across bucket:
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References Data extra Identificat

Elasticities by bond currency

All bonds Sovereign Corporate

cAD cro
usD.
KRW.
KRW.
DR
DR
. MXN
L usp
PEN BRL
INR PEN
MYR INR
PN MYR
oY PN
cop o
HUF
cop
AR
HUF
JPY
2R
RUB
THE Y
R RUB
TRY THE
AUD TRY
SEK AUD EUR
GBP. GBP.
G EUR
0 180 200 360
R . - [ 180 200 30 [ 160 260 o
sty deailvloe etz ek saes Bukets Elasticity dlog w(])*100 / dper(): median across buckets Elasticity dlog wi])*100 / aper(): median across buckets

Note: Time averages of bucket-level elasticities of the total fund sector.
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Elasticities by bond issuer type & fund residence

All fund US funds EA funds

0 5 100 200 250
Elasticity dlog w(j)*100 / dper,(j): median across buckets

0 100 200 30 0 50 100
Elasticity dlog w(j)*100 / dper,(j): median across buckets Elasticity dlog w(j)*100 / dpery(j): median across buckets

Note: Time averages of bucket-level elasticities of the total fund sector or subset by residence area.
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l stimation extra

Soverelgn bond elastlcltles by fund res1dence

Credit rating, US funds Issuer region, US funds Bond maturity, US funds

80 s10y
L3 =
overtoy.
BBB.
A v
" Ao underly
] W a0 3o aw =
Elasticy dlog (100 / dper(: median across bucket:

Credit rating, EA funds

o 160 200 %0
Elastly dlog w()"100 / dper(): median across bucket:

Issuer region EA funds Bond maturity, EA funds

80
&
888
A
-
o % 1t 5
Elastcity g (100  por(): median across buckel

oty 00 s

15

o % 160 o
Elastity dlog w()"100 / dper(): median across bucket:

Note: Sovereign bonds. Time averages of bucket-level elasticities of the fund sector aggregated by residence area.
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Corporate bonds elasticities: US funds

Credit rating Issuer region

Emerging Europe
Offshore EA

Emerging LatAm

Emerging AsiaPac

Emerging Middle East, Central Asia, Africa
Offshore non-EA

Advanced other

usA
EA periphery
EA core
0 100 200 300 400 T
Elasticity dlog w(j)*100 / dper,(j): median across buckets Elasticity alog wi(j)*100 / dper(j): median across buc

Note: Corporate bonds only. Time averages of bucket-level elasticities of the US fund sector.
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Bond maturity

under1y

1-5y

5-10y

over10y

0 100 200
Elasticity dlog w(j)*100 / dper,(j): median across bucket:



All bonds elasticities:

Credit rating

Elasticities extra

00000008
US funds
Issuer region Bond maturity
otre 2
Emerging Middle East, Central Asia, Africa over10y
Emerging LatAm

Emerging AsiaPac
5-10y

Emerging Europe

Offshore non-EA

Supra non-EU 1-5y

Advanced other

usA
under1y
EA periphery
EA core
0 100 200 360 460 T T T 0 100 260 300
Elasticity dlog w(j)*100 / dper,(j): median across buckets Elasticity dlog wi(j)*100 / dper(j): median across buc Elasticity dlog wi(j)*100 / dper,(j): median across buckets

Note: All bonds. Time averages of bucket-level elasticities of the US fund sector.
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US T-bill returns 1: Sovereign bonds

Credit rating

BB

BBB

B-D

AAA-AA

T T T
-1.5 Sl -5
Elasticity dlog (wi(j)) *100 / dper,(k): median across

0
bucke

Issuer region

UsA
Emerging LatAm

Emerging AsiaPac

Advanced other

Emerging Europe

Emerging Middle East, Central Asia, Africa
Offshore non-EA

EA periphery.

EA core

15 B -5 0
Elasticity dlog (wi()) *100 / aperi(k): median across bt

Note: Time averages of bucket-level elasticities of the total fund sector.
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underty

5-10y

overt0y

T T T
-1.5 Gl -5 0
Elasticity dlog (wi(j)) *100 / dper,(k): median across bucke
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US T-bill returns 7: Corporate bonds

Credit rating Issuer region Bond maturity

Advanced other
UsA underly

Offshore nonEA
Emerging LatAm
Emerging Europe
Offshore EA
over10y

Emerging Middle East, Central Asia, Africa

Emerging AsiaPac

&
g

EA periphery 5-10y
EA core
-1‘.5 -‘1 -,‘5 6 EE -5 -2 -1 0
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke Elasticity dlog (w()) *100 / dperiK): median across bu Elasticity dlog (wi(j)) *100 / dper,(k): median across bucke

Note: Time averages of bucket-level elasticities of the total fund sector.
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US T-bill returns 1: Substitution by US funds

BB

Credit rating

2 5 K] 5
Elasticity dlog (wy(j)) “100 / dper,(k): median across

Issuer region

Supra non-£U
Advanced other

Emerging LatAm

UsA

Offshore non EA

Emerging AsiaPac

Ofshore EA

Emerging Middle East, Cental Asia, Afica
EAcore

Emerging Europe

EA periphery

2 A5 4 5 0
Elasticity dlog (w()) “100 / aper(k): median across bt

Note: Medians across all bond buckets. Time averages of bucket-level elasticities of the total fund sector.

< Back

underty

5-10y

over10y

O000@00000000000000C

Bond maturity

T
-3 -2 Sl 0
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke
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US T-bill returns 1: Substitution by EA funds

O000080000000000000C

Credit rating Issuer region Bond maturity

BB eneroseree| [ underty
8D g me [ |

1-5y
8B - |

e [ sy

AAA-AA By . over10y
I

-.‘8 -.‘4 ».‘2 6 SEE R T »‘1 -.‘5 6
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke Elasticity dlog (w()) *100 / aper(k): median across bt Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke

Note: Medians across all bond buckets. Time averages of bucket-level elasticities of the total fund sector.
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US sov. 1-5y returns 1: Substitutions across all bonds

BB

Credit rating

-3 -2 -1 0
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke

Issuer region

Supra non-£U
Offshore non-EA

UsA

Advanced other

Emerging LatAm

Emerging Middle East, Cental Asia, Afica
Emerging AsiaPac

Emerging Europe

Ofshore EA

EA periphery

EAcore

50 -0 2 0
Elasticity dlog (w()) *100 / aperi(k): median across bt

Note: Time averages of bucket-level elasticities of the total fund sector.
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underty

over10y

5-10y

& 4 ) 0
Elasticity dlog (wi(j)) *100 / dper,(k): median across bucke



US sov. 5-10y returns 1: Substitutions across all bonds

Credit rating

2 5 4 -5 [)
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke

Issuer region

Offshore non-EA
Supra non-£U

Advanced other

UsA

Emerging Middle East, Cental Asia, Afica
Emerging LatAm

Emerging Europe

Ofshore EA

Emerging AsiaPac

EA periphery

EAcore

8 5 4 2 0
Elasticity dlog (w()) “100 / aperi(k): median across bt

Note: Time averages of bucket-level elasticities of the total fund sector.
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underty

5-10y

overt0y

2 5 4 5 [)
Elasticity dlog (wi(j)) *100 / dper,(k): median across bucke
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BB

BBB

> 10y returns 1: Substitutions across all bonds

Credit rating

2 5 K] 5 [)
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke

Issuer region

Offshore non-EA
Supra non-£U

Emerging LatAm

UsA

Advanced other

Emerging Middle East, Cental Asia, Afica
Emerging Europe

Ofshore EA

Emerging AsiaPac

EA periphery

EAcore

4 3 46
Elasticity dlog (w()) “100 / aper(k): median across bt

Note: Time averages of bucket-level elasticities of the total fund sector.
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over10y

5-10y

15y

25 2 A5 4 -5 0
Elasticity dlog (wi(j)) *100 / dper,(k): median across bucke
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DE T-bill returns 1: Sovereign bonds

Credit rating Issuer region Bond maturity
R underty
1-5y
SR [ |
BBB
N
5-10y
o B ]
g AsaPac B
. [] vty .
Emorging il st Gontet A, A |
-,ﬁs -.‘2 -,1‘5 -.‘1 -65 6 R TETE T »és -.‘2 ».1‘5 -.‘1 ».65 0
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke Elasticity dlog (w()) *100 / dperiK): median across bu Elasticity dlog (wi(j)) *100 / dper,(k): median across bucke

Note: Time averages of bucket-level elasticities of the total fund sector.
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DE T-bill returns 1: Corporate bonds

Credit rating Issuer region

§ _ I
EA periphery
Emerging Europe

- [ |
Offshore nonEA

]

- - [

-ﬁa ».66 64 - 0 2 6 ST T
Elasticity dlog (w(j)) *100 / dper;(k): median across bucke Elasticity log (w() *100  aper(k): median across b

Note: Time averages of bucket-level elasticities of the total fund sector.
< Back

5-10y

over10y

undery
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Elasticity dlog (wi(j)) *100 / dper,(k): median across bucke
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DE T-bill returns 1: Substitution by US funds

AAA-AA

BB

Credit rating

25 2 <15 -1 -
Elasticity dlog (wi(j)) *100 / dper,(k): median

5 0
across bucke

Issuer region

EA periphery
EAcore

Emerging LatAm

Emerging Europe

Emerging AsiaPac

Advanced other

Ofshore EA

Emerging Middle East, Central Asia, Affica
Offshore non-EA

UsA

Supra non-EU

S
Elasticity dlog (wi()) *100 / aper(k): median across bt

Note: Medians across all bond buckets. Time averages of bucket-level elasticities of the total fund sector.
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Bond maturity

underty

5-10y

over10y

35 -2 -5 o1 05 0
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke
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DE T-bill returns 1: Substitution by EA funds

References Data extra Identification

O000000000008000000C

Credit rating Issuer region Bond maturity

EAcore

AAAAA EA periphery underty

usa
Advanced other
Offshore non-EA

Supra nonEU
Emerging LatAm 5-10y
BB Emerging Europe
Emerging AsiaPac

over10y
Emerging Middie East, Central Asia, Affica

>
-IIII

Offshore EA

o

-2 5 ] -.05 R e T e T 35 2 15 - b5 0
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke Elasticity dlog (w()) *100 / dperi): median across bu Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke

Note: Medians across all bond buckets. Time averages of bucket-level elasticities of the total fund sector.
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DE sov. 1-5y returns 1: Substitutions across all bonds

AAA-AA

BB

Credit rating

EAcore

EA periphery
Advanced other
Supra non-£U
Emerging AsiaPac
Offshore non-EA
Emerging Europe
Emerging LatAm
UsA

Offshore EA

Emerging Middle East, Central Asia, Africa

5 A 5 [)
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke

Note: Time averages of bucket-level elasticities of the total fund sector.
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Issuer region

A5 E) B 0
Elasticity alog (w()) *100 / aperi(k): median across bt

Bond maturity

underty

5-10y

overt0y

4 3 ) - 0
Elasticity dlog (wi(j)) *100 / dper,(k): median across bucke




DE sov. 5-10y returns 1: Substitutions across all bonds

AAA-AA

BB

Credit rating

4 B 6 -4 -2 0
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke

Issuer region

EA core
EA periphery

Advanced other

Emerging Europe

Emerging AsiaPac

Offshore non-EA

Emerging LatAm

Ofshore EA

Emerging Middle East, Cental Asia, Afica
UsA

Supra non-EU

a B
Elasticity dlog (w()) *100 / aperi(k): median across bt

Note: Time averages of bucket-level elasticities of the total fund sector.
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5-10y

overt0y

4 -3 2 =il [)
Elasticity dlog (wi(j)) *100 / dper,(k): median across bucke
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DE sov. >10y returns 1: Substitutions across all bonds

AAA-AA

BB

Credit rating

T T T
Y 4 =2 0
Elasticity dlog (wy(j)) *100 / dper,(k): median across bucke

Issuer region

EA periphery
EAcore
Advanced other
Emerging AsiaPac
Emerging Europe
Offshore non-EA
Emerging LatAm
Supra non-£U
Ofshore EA

UsA

Emerging Middle East, Central Asia, Africa

Elasticity log (w() *100 / per(k): median across bt

Note: Time averages of bucket-level elasticities of the total fund sector.
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Portfolios of ’top substituters’: US vs German T-bills

Cross-elasticity:  1,(jk) = dloewi)) 100 =y, %‘% (= ;) wig(k) % 100)

Iper,(k)

60 80 100
percent

40

20

Top US Tbill holders Top DE Thbill holders

Ussov Uscorp_USD EAsov
EAcorp AEsov_USD AESov_nonUSD

AEcorp_USD AEcorp_nonUSD EME_USD
EME_hardother [ EME_soft

Note: "Top substituters” are funds who have a high product of weight in the relevant safe asset (US or German T-bills) and the weight on the rest of their bond portfolio. Plot shows average portfolio
holdings of funds above the 75th percentile of this product.
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Portfolios of ’top substituters’: US vs German T-bills, at Face Value

Cross-elasticity: 1, (jk) = 2260 4 100 = ¥, M (= ;) wi (k) 100)

dper; (k) (AUM; wii (j))

T
100

T
80

percent

T
40

Top US Thill holders

USsov I uscorp_USD
EAcorp B AEsov_USD
AEcorp_USD AEcorp_nonUSD
EME_hardother [ EME_soft

Top DE Tbill holders

I EAsov
AEsov_nonUSD
EME_USD

Note: *Top substituters” are funds who have a high product of weight in the relevant safe asset (US or German T-bills) and the weight on the rest of their bond portfolio. Plot shows average portfolio
holdings of funds above the 75th percentile of this product. Face value calculated by dividing each bond holding by price.

< Back



References Data extra Identification extra Estimation extra Elasticities extra
o 00000000000000000000 000000000 000000 00000000000000000000000000800000000000

Portfolios of ’top substituters’: US vs German T-bills, over time

US T-bill top substituters DE T-bill top substituters

[< e ——— B

se o=
r8E F8E
8 8
19 19
a a
Le Le
< S
Le Lo
8 B
Lo Lo
o ¥ w© ® o
S & o S 5
& |8 R & ®
Ussov UScorp_USD EAsov Ussov UScorp_USD
EAcorp I AEsov_UsD AEsov_nonUSD EAcorp I AEsov_UsD
AEcorp_USD Atcorp_nonusD [ EME_USD AEcorp_USD AEcorp_nonUSD
EME_hardother [ EME_soft EME_hardother [ EME_soft
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Safe asset demand over time

Aggregate fund sector elasticity w.r.r. safe asset returns:

AUM; w; ,(]) ~ . P
= Oy (1—wy, *100 if j=k,
X T A0,y ) O (1)) !

portfolio exposure

p) log(w (])) £100 investor composition to safe asset
N t
M= e
! AUMi,rWi,r(/) ~ .
=Y arg  wig(k) %100  otherwise.
T Li(AUM; wii () —_—
portfolio exposure
investor composition to safe asset
Time variation from interaction between two components:
Investor composition ( # bond return sensitivities) X Portfolio weight of safe bond

~86% of time variation
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Flight to safety: US Treasury elasticity | when market stress 1

Correlations between US sovereign bond elasticities and risk measures

USsov <ly USsov1-5y USsov5-10y USsov >10y

Elasticities

US sov <1y 1.000

US sov 1-5y 0.555*** 1.000

US sov 5-10y 0.375%** 0.564*** 1.000

US sov >10y 0.294** 0.512%** 0.453** 1.000
Risk

VIX -0.304** -0.265** -0.167 -0.245%
BEX risk aversion -0.210 -0.215 -0.101 -0.222
BHL risk aversion -0.319** -0.195 -0.086 -0.187
MOVE 0.197 -0.013 -0.161 -0.187
EBP -0.044 -0.303** -0.269** -0.255%
CISSEAbond -0.064 -0.214 -0.067 -0.233*
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Flight to safety: German Bund elasticity stable when market stress 1

4 Back
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Correlations between DE sovereign bond elasticities and risk measures

DEsov <ly DEsov1-5y DEsov5-10y DE sov >10y
Elasticities
DE sov <1y 1.000
DE sov 1-5y 0.181 1.000
DE sov 5-10y 0.178 0.601*** 1.000
DE sov >10y 0.355%** 0.346*** 0.514** 1.000
Risk
VIX 0.152 0.200 0.206 0.366***
BEX risk aversion 0.117 0.141 0.151 0.316**
BHL risk aversion 0.161 0.185 0.196 0.354***
MOVE 0.383*** 0.088 0.289** 0.520"**
EBP 0.050 0.168 0.174 0.414**
CISSEAbond 0.149 0.168 0.333** 0.330**
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Flight to safety: Swiss bond elasticity stable when market stress 1

4 Back

Elasticities extra

Correlations between CH sovereign bond elasticities and risk measures

CHsov<ly CHsov1-5y CHsov5-10y CH sov >10y
Elasticities
CH sov <1y 1.000
CH sov 1-5y -0.035 1.000
CH sov 5-10y 0.280* 0.306** 1.000
CH sov >10y -0.521*** 0.638"** 0.274** 1.000
Risk
VIX -0.076 -0.100 -0.302** -0.394**
BEX risk aversion 0.101 -0.080 -0.248* -0.402***
BHL risk aversion -0.086 -0.100 -0.323** -0.383***
MOVE 0.331** -0.457%* -0.194 -0.723**
EBP -0.033 -0.142 -0.032 -0.443%*
CISSEAbond 0.210 -0.187 -0.090 -0.433%*
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Flight to safety: Japanese bond elasticity stable when market stress 1

4 Back

Correlations between JP sovereign bond elasticities and risk measures

JPsov<ly JPsov1-5y JPsov5-10y JPsov>10y
Elasticities
JP sov <1y 1.000
JP sov 1-5y -0.466*** 1.000
JP sov 5-10y -0.352%+* 0.626*** 1.000
JP sov >10y -0.173 0.617*** 0.400*** 1.000
Risk
VIX -0.286** 0.378*** 0.191 0.079
BEX risk aversion -0.338** 0.398*** 0.216 0.029
BHL risk aversion -0.324** 0.379*** 0.215 0.080
MOVE -0.398*** 0.699*** 0.289** 0.303**
EBP -0.265** 0.398*** 0.042 0.116
CISSEAbond -0.142 0.424*** 0.238* -0.013
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Back of the envelope: Fed QE & portfolio rebalancing to US BBB
corporate bonds

Suppose Fed purchases $100bn of US Treasuries (maturity profile of QE2: 6-43-44-7)
= Funds sell Treasuries and substitute to other assets,

including US BBB corporate bonds, according to estimated elasticities

> In good times:
1. Higher demand elasticity for US Treasuries (210% on average) implies 5-21bps lower return necessary to
induce funds sale to Fed
2. Greater substitution with risky US BBB corporate bonds (-13%)
3. Combined effect: funds increase US BBB corporate bond holdings by 5% ~ $28bn (end-2020)

> In bad times:
1. Lower demand elasticity for US Treasuries (130% on average) implies 8-33bps lower return necessary to
induce funds sale to Fed
2. Limited substitution with risky US BBB corporate bonds (-5%)
3. Combined effect: funds increase US BBB corporate bond holdings by 2.5% ~ $14bn (end-2020)
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German sovereign bond relative safety vs EA core
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Black line: Substitution elasticity of French sovereign bonds w.r.z. 1ppt change in predicted excess returns on German sovereign bonds.

Median of substitutions within all four maturity buckets (under 1y, 1-Sy, 5-10y, over 10y).
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German sovereign bond relative safety vs Belgium
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Black line: Substitution elasticity of Belgian sovereign bonds w.r.z. 1ppt change in predicted excess returns on German sovereign bonds.
Median of substitutions within all four maturity buckets (under ly, 1-5y, 5-10y, over 10y).
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German sovereign bond relative safety vs Netherlands
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Black line: Substitution elasticity of Dutch sovereign bonds w.r.z. 1ppt change in predicted excess returns on German sovereign bonds.
Median of substitutions within all four maturity buckets (under ly, 1-5y, 5-10y, over 10y).
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German sovereign bond relative safety vs Italy
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Black line: Substitution elasticity of Italian sovereign bonds w.r.t. 1ppt change in predicted excess returns on German sovereign bonds.
Median of substitutions within all four maturity buckets (under ly, 1-5y, 5-10y, over 10y).
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