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BREAKEVEN PRICES OF INFLATION SWAPS
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WHAT WE DO

1) Quantities behind the prices: universal data on transactions in UK market.
— Facts: segmentation across maturities, banks net bearers of inflation risk.

2) Identification strategies: for segmented markets” models
— Decompose price changes into fundamentals and a liquidity premium (frictions).

3) Empirical estimates: finance, macro and behavioral
— What shocks drive the market and what are the slopes of supply and demand?

— How reliable are these measures of expected inflation given liquidity premia?

— How much dispersion in beliefs is there, and whose beliefs matter?
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1. The facts about this market



FACT 1: DEALER-BANKS ARE NOT NEUTRAL MARKET MAKERS
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FACT

UsD Billions

2: PENSION FUNDS BUY PROTECTION AT LONG HORIZON
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FACT 3: HEDGE FUNDS TRADE INFLATION RISK AT SHORT HORIZON
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SEGMENTATION EVEN CLEARER IN TRADING ACTIVITY
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2. Shocks in markets and identification



THE LONG MARKET

Swap
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Why do banks supply insurance?
Could be for fundamental reasons:
(i) Disagreement about expected in-
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""""""""""""""""" ! (ii) different risk aversion or hedg-
i ing of other assets.
i Demand
' (Pension funds)
0 Net notional

7/22



THE LONG MARKET

L4
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Rt (Banks)

Demand
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Net notional

Why do banks supply insurance?
Could be for fundamental reasons:

(i) Disagreement about expected in-
flation.

(ii) different risk aversion or hedg-
ing of other assets.

Both reasons imply both supply and
demand respond to expected infla-
tion.
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THE LONG MARKET (II)
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THE LONG MARKET (II)

Supply
(Banks)
Why do banks supply insurance?

Also for non-fundamental reasons:

(i) Pension fund mandates generate
background risk and trading con-
straints...

(ii) Banks also have trading con-
straints (e.g. regulatory) and
have operational reasons to be

Demand long/short inflation.
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SEGMENTED MARKETS
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SEGMENTED MARKETS
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MORE FORMALLY (I)

Static portfolio choice problem of pension fund (f, 7):

- CARA-normal (wealth, as i, risk aversion, 'Yf,i)/ LT inflation swap, other asset.

- Expected inflation T = HpiTT

- Background risk + generic trading constraints.

Demand for LT inflation swap (gy,):

qf,i e
*f_ = —Y5iP + Uri(T° = Pra) —Agi
~—

af R —
exp. inf & risk

Hedge Funds: same problem but ST swap market (segmentation)

OTC market: banks (b) on other side, present in both markets, supply curve.
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MORE FORMALLY (II)
- Demands of institution i of type pension fund (f), hedge fund (h), and dealer (b):

qf i Qi
; = —YpiP + Wpi(T = o) — Asi a: © = =P A i (T = pria) — Ani
A 1
qvi ! (e AL Qb,l' _ s p (TT¢ AS
b — VP + Hoi(7 = 0ra) — Ay Pl —Vp,iP + poi (11 — prig) — Ay
- The shocks: (71° — o4, I1° — pr14) L (Aé,i’ ALi) L Ari L Ap
- Equilibrium price:

Lico, afilf,i + Lico, W,ilbi
Lico, AfiVf,i T Lico, M, Vb,i

. Yicoy 4y, + Lieo, Wilbi |
p = T —p 7T,d ) +
Yico, Af,iVfi T Lico, i Vb

frictionless price p* liquidity premium lp
- Fundamental innovations, ¢, and innovations to liquidity €, €ns €p
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IDENTIFICATION PROBLEM

Observe (p, P) that are driven by & = (e, &, &y, €1)

We have data Y = (Q, P,q,p)’ on prices and quantities 2 Jan 19 to 10 Feb 23:
- q: net purchases of swaps by PFLDI with > 10 year maturity.

- p: daily price zero-coupon RPI inflation swap in long horizon market (>= 10 year).
- Q: net purchases of swaps by hedge funds < 3year maturity.

- P: daily price of zero-coupon RPI inflation swap in short horizon market (<= 3 year).
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IDENTIFICATION PROBLEM

Observe (p, P) that are driven by & = (e, &, &y, €1)

We have data Y = (Q, P,q,p)’ on prices and quantities 2 Jan 19 to 10 Feb 23:
- q: net purchases of swaps by PFLDI with > 10 year maturity.

- p: daily price zero-coupon RPI inflation swap in long horizon market (>= 10 year).
- Q: net purchases of swaps by hedge funds < 3year maturity.
- P: daily price of zero-coupon RPI inflation swap in short horizon market (<= 3 year).
Identification problem: Need to learn about 4x4 matrix ¥.
Y =VYe
Estimation: add dynamics, VAR with 3 lags.
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THREE IDENTIFICATION STRATEGIES

1) Heteroskedasticity: Fundamental had a higher relative variance on announcement days.

- Data shows clear shift in relative variances on those dates (reject null at 0.1%
significance level).
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THREE IDENTIFICATION STRATEGIES

1) Heteroskedasticity: Fundamental had a higher relative variance on announcement days.

2) Granularity. Size weighted sum of idiosyncratic shocks non-zero in expectation.

- Recover residuals from panel factor model
qfit
af it

= wf Fry + 8y, where Fry = (1°—pn0lpt) 50 & ip = Api — vpilpe

- Build granular IV, GIVy; = Y ice, a,i&f,it- Valid instrument for &¢ as orthogonal by
construction and relevant if LLN fails. Equivalent for GIV},; and GIV};.

- Pension funds: Pareto parameter 0.13, power law coefficient -0.9. Similar for others.
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THREE IDENTIFICATION STRATEGIES

1) Heteroskedasticity: Fundamental had a higher relative variance on announcement days.
2) Granularity. Size weighted sum of idiosyncratic shocks non-zero in expectation.
3) Timing / sign restrictions.

- At high frequency, hedge funds respond more to fundamental than banks than pension funds

- No spillovers across market desks at high frequency within banks

short gty + 0 - + hedge fund demand
shortprice | [ + 0 + + pension fund demand
long qty 10+ - - dealer-bank supply
long price o+ + + fundamental
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OVERIDENTIFICATION TESTS

Correlations of fundamental shock from the three strategies (SR, GIV, Hetero):

1 0.7320

1 0.9865 0.8038
1

- IRFs from strategies 1 & 2 confirm the sign restrictions in strategy 3. Differential
reactiveness & desk separation hold in the microdata.

- £, from strategies 1 & 3 confirms the exclusion restriction required for the GIV.

- £, from strategies 2 & 3 have higher relative variance on the dates used in strategy 3.

For brevity, results now from strategy 1 (sign restrictions).
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4. The financial market



SLOPE OF DEMAND FUNCTIONS: SIMILAR
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SLOPE OF SUPPLY FUNCTION: HORIZONTAL IN LONG MARKET
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FORECAST ERROR VARIANCE DECOMPOSITION

ST Inflation Qty - ST Inflation Price
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5. The macro inferences for inflation



HISTORICAL DECOMPOSITION OF LT PRICES
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ZOOMING IN: COVID AND UKRAINE
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6. Disagreement and expectations



RELATIVE PRICE IMPACT OF INDIVIDUAL INSTITUTIONS
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RELATIVE PRICE IMPACT OF INDIVIDUAL INSTITUTIONS
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7. Conclusions



CONCLUSIONS

1) Facts: At short horizons, hedge funds and dealers alternate between negative and
positive net positions. At long horizons, dealers provide inflation protection to
pension funds.

2) Propose three separate identification strategies that exploit information/variability
in daily frequency, concentration across institutions, and time series.

3) At short horizon, supply curve is steep, liquidity shocks drive prices; at long
horizons, supply curve is flat, fundamentals account for 80% of price variation.

4) New measure of expected inflation cleaned of liquidity frictions reacts less to key
shocks, is more anchored.

5) Risk-neutral expectations inferred from market positions match with subjective
expectations inferred from survey answers.
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THE EMIR TRADE REPOSITORY DATA

Data source: European Market Infrastructure Regulation, post-2008 reporting
requirements for all transactions in almost real time.

The market: OTC, centrally cleared, all through dealer banks.

Observations: all derivative transactions where a UK-regulated institution
(including UK branches/subsidiaries of global banks) is a counterparty, includes
hedge funds, pension funds and others.

Information: counterparties’ names and contract terms like length, price, index. Will
focus on UK RPI today, but also have HICP for EA and CPI-U for US.

Frequency and span: 3.5 billion observations since 31 Oct 2017, 34 million cleaned
inflation swaps. Use daily observations from January 2, 2019 to February 10, 2023.



USD Billions

TYPE OF CONTRACT

Gross notional position by underlying index in the inflation swap market
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UsD Billions

THE FULL PICTURE

Net notional position by investor type in UK-inflation swaps
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THE FULL PICTURE FOR THE EUROZONE

Net notional position by investor type in EU-inflation swaps
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TRADES

Median maturity of executed trades
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FORMALISING THINGS — PENSION FUNDS’ PROBLEM

Types: pension funds (index f, set ©), dealers (index b, set ©;), hedge funds (index , set
®y,). Many agents indexed by i, maximization of terminal wealth, single trading day.

Objective: max [Ey; [ —exp (—%gﬂ}ri) } with s = 9¢i/as;
Budget Constraint:  a;; = ay; + (77— p)qsi + (d —s)eg; + yp,, 7,d,y ~ Normal



FORMALISING THINGS — PENSION FUNDS’ PROBLEM

Types: pension funds (index f, set ®f), dealers (index b, set ®;), hedge funds (index h, set
®y,). Many agents indexed by i, maximization of terminal wealth, single trading day.

Objective: max [Ey; { —exp (—’7f,ia},i) } with ¢ = v¢i/az,
Budget Constraint: ag; = ap;+ (70 —p)gs; +(d —s)egi + yri, 70,d,y ~ Normal
——

Inflation Swap



FORMALISING THINGS — PENSION FUNDS’ PROBLEM

Types: pension funds (index f, set ©), dealers (index b, set ©;), hedge funds (index h, set
©p,). Many agents indexed by i, maximization of terminal wealth, single trading day.

Objective: max [Ey; [ —exp (—'Tf,ia’ ,i) } with s = 9¢i/ar;
Budget Constraint: ap; =api+ (mT—plgri+  (d—s)es; +yy i d,y ~ Normal

other asset & background risk



FORMALISING THINGS — PENSION FUNDS’ PROBLEM

Types: pension funds (index f, set ©), dealers (index b, set ©;), hedge funds (index , set
®y,). Many agents indexed by i, maximization of terminal wealth, single trading day.

Objective: max [Ey; [ —exp <—’7f,iﬂ},i) } with s = 9¢i/as;
Budget Constraint:  a;; = ay; + (77— p)qsi + (d —s)eg; + yp,, 7,d,y ~ Normal
Trading Constraints: Gf(%‘,i/ Zf,i) >0 with 8fi = BGf (qf*,i’ Zf/l')/a(]f,i
Beliefs: Efi(7) = pg i’



FORMALISING THINGS — PENSION FUNDS’ PROBLEM

Types: pension funds (index f, set ©), dealers (index b, set ©;), hedge funds (index , set
®y,). Many agents indexed by i, maximization of terminal wealth, single trading day.

Objective: max [E [ —exp (—%gﬂ}’i) } with Y¢; = v5i/ a5,
Budget Constraint:  a;; = ay; + (77— p)qsi + (d —s)eg; + yp,, 7,d,y ~ Normal
Trading Constraints: Gf(Qf,i/ Zf,i) >0 with 8fi = aGf (qf*,i’ Zf/l')/a(]f,i
Beliefs: Efi(7) = pg i’

Two markets: short horizon (ST, capitalized) and long horizon (LT).

Assumption 1: Segmented markets. Pension funds do not participate in the ST market
Qy,i = 0 and hedge funds do not participate in the LT market q;,; = 0.



DEALERS’ PROBLEM
- Dealers similar but in both markets:
ay,; = ay; + (71— p)gpi + (X1 = P)Qy; + (d — s)ew; + i,

- Assumption 2: Desk separation within the day. Dealers face separate capacity
constraints:
Gp(Qpi) >0 and Gy(qp:) >0

so that 3G (-, +)/9qy; = 0 and 9GE(-, ) /9Qy,; = 0.

- Market clearing, and definition of supply and demand:

q = ECI}k,i:_Zqz,i>0' Q= ZQ};’:—ZQZJ“O

€0y i€y i€y i€y



FRICTIONLESS MARKET EQUILIBRIUM
- Complete markets so no background risk:

Oy = Oy = Omyni = 0
- Non-binding capacity constraints, so Lagrange multipliers:
L
Api=Api=Ay; =M =0

- If p is the frictionless price of a long horizon inflation swap, in equilibrium, it is:

~—1, ~_1 ~
v Zie@f Vri K Yico, Vo, Bbji e 0; —s* -
- ~—1 ~—1 ~—1 ~—1 N - 2 Umd
Zie(af Vi T Yico, Vb Zie(@f Vi T Yico, T, J4

expected inflation .

risk premium

size-weighted dispersion of beliefs



LIQUIDITY PREMIUM

Observed price is frictionless price plus a liquidity premium: p* = p* + Ip*

A op:
f,i8f i
Eie®f {Un,yfli + Vi }

Yico, T + Lico, T

AL ok

10,1

ZiE@I, U7TM7,1 + ;)717','

o s ~—1
ZiE@f Vri Zz‘e@b Vo,

*

Ip* =

+

=e¢y, the supply friction from dealer banks =g, the demand friction from pension funds



OPTIMAL DEMAND CURVE: PENSION FUNDS

- Three components (hedge funds similar in short market, dealers in both markets)

Ui Mt —p (021 ) { 04 — s* }p
e — | — 7T,d
ari - vi02(1—p% )  \ox/) Lyioi(1—p%,)

price and beliefs hedging demand

1 Or,yy i /\f Li&f,i
B 2 2 . + .
(1- Pn,d)gn ar,i Vf.i

liquidity frictions




DYNAMICS AND IMPLEMENTATION FOR ALL STRATEGIES

For dynamics: VAR, implemented as Bayesian VAR with diffuse priors and 3 lags:

L
Yi=c+ Z ®,)Y, ;+uw and u; =Yg
=1

Sign restrictions: as in Arias, Rubio-Ramirez and Waggoner (2018), sign restrictions
on ¥ for set identification.

Granularity identification: as in Stock and Watson (2018), using GIV as proxy
instrumental variables

Heteroskedasticity identification: VAR as in Brunnermeier, Palia, Sastry, Sims (2021),



FIRST IDENTIFICATION STRATEGY: HETEROSKEDASTICITY

- 48 dates (out of 1078) where monthly inflation data is released plus September 6th
2022 (Truss energy cap). In total 49 days out of 1078 where swap prices move a lot,
lumpy arrival of news.

- Assumption 3c: Heteroskedascity at known dates due to fundamentals. If X, is the
variance-covariance matrix of the shocks € at data release dates, and X; the one at other dates,
then the largest diagonal element of ¥, X, is the one associated with the variance of the
fundamentals &.

- In data, the maximum eigenvalue of £, X, is 4.651. Wald test Lutkepohl (2021): reject
null of no heteroskedasticity at 0.1% significance level.



SECOND IDENTIFICATION STRATEGY: GRANULARITY

- Write asset demand system as an interactive fixed effects factor model:

qfit
ar it

=« Fpo + i B = (0 dpf)’
- Construct instrument as a weighted sum of the residuals:

GIVf{t = Z af,ilt?:f,ilt
iG@f

Fr; spans (ep, €m,): B(GIVy &) = B(GIVysep) = 0. Ass. 1: E(GIVep,4) = 0.
- Assumption 3b: Granularity of the institutions. Asset positions are granular:

E(G[Vf’teflt) ?é 0 and IE(GIVb/tSb/t) ?é 0 and IE(GIVh,tgh’t) # 0 (1)



SECOND IDENTIFICATION STRATEGY: GRANULARITY
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PFLDIs: 210 institutions, Pareto parameter 0.13, power law coefficient -0.9, first-stage
F-stat of 72.3. For hedge funds, -.73 and 22.3, for dealer banks, -0.40 and 43.5.



THIRD IDENTIFICATION STRATEGY: HETEROGENEITY IN
REACTIVITY

- Assumption 3a) Differential reactiveness to fundamental news about inflation.
Dealer banks respond more to fundamental long-horizon expected inflation than pension
funds but less to fundamental short-horizon expected inflation than hedge funds:

~ ~ ~1
Yicoy Vi M - Yico, 1o, Mo - Lico; V5 Wi
Lico, T, !+ Yico, T, ! Yicoy Vs, !+ Yico, T, ! Yico, Vs, ! Yico, T, !




o =
o, o

0.0

USD billions

-0.5

-1.0

1.0

0.0

-1.0

USD billions

RESPONSE TO A FUNDAMENTAL SHOCK

ST Inflation Qty

0 5 10

Days
LT Inflation Qty

ﬁ

0 5 10

Days

Heteroskedasticty I

ST Inflation Price

Percentage points

5
Days

LT Inflation Price

Percentage points

5
Days

Hedge funds



USD billions

USD billieons

1.0
0.5
0.0

-0.5
-1.0

1.0

0.5

0.0

-0.5

IRF TO FUNDAMENTAL WITH GIV

ST Inflation Qty

4] 5 10
Days
LT Inflation Qty
A ——
o 5 10

Days

Percentage points

Percentage points

2.0
1.6
1.0
0.5
0.0

-0.5

ST Inflation Price

Days

0 5 10
Days
LT Inflation Price
i S
] 5 10



IRF TO FUNDAMENTAL WITH HETEROSKEDASTICITY
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RESPONSE TO LIQUIDITY SHOCKS TO DEALERS
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RESPONSE TO LIQUIDITY SHOCK TO PENSION FUNDS
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RESPONSE TO LIQUIDITY SHOCK TO HEDGE FUNDS
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HISTORICAL DECOMPOSITION OF ST PRICES
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COMPARISONS WITH MARKET BID-ASK SPREADS

Standard deviations

(a) LDI Crisis period

Sample correlation =
0.74

— Estimated dealers' supply shock, lhs
— UK RPI 1-year swap bid-ask spread (7-day MA), rhs
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COMPARISONS WITH MARKET BID-ASK SPREADS

Standard deviations
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(b) Ukraine war

Sample correlation =
0.69
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— Eslimated dealers’ supply shock, |hs
— UK RPI 1-year swap bid-ask spread (7-day MA), rhs
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Standard deviations

COMPARISONS WITH MARKET BID-ASK SPREADS

(c) COVID-19 period

0.5 T T T T T T

Sample correlation =
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— Estimated dealers' supply shock, lhs
— UK RPI 1-year swap bid-ask spread (7-day MA), rhs
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PRICE IMPACT OF INDIVIDUAL INSTITUTIONS: LT MARKET
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MARKETS VERSUS SURVEYS
- Focus on dealers in ST market

- Trading behaviour, regress quantity traded by an institution on our identified
fundamental &}

Qbit

= By + residualy;
Ap,it

By, are negative, consistent with assumption 3a. Differential response, to either
subjective expectations or risk premia.

- Agent’s expectations Bloomberg monthly panel of forecasts for inflation, fIZ,i
ATT; ;= ppiAP; + residualy; s,

1y measures disagreement about subjective expectations.



Dealer trading response to
a fundamental shock

MARKETS VERSUS SURVEYS
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