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W hat are the effects of lending facilities?

LOMBARD STREET:

Lending faclilities are supposed to:

A Put a ceiling on private market interbank rates
A Provide insurance against funding crises

A Prevent possible fire sales

11111

Federal Reserve Lending Facilities 1n 2007 -09:
HDW: Discount window facility

e HTAF: Term Auction Facility
el HTALF: Term Assé&acked Securities Loan Facility
' i HCPFF: Commercial Paper Funding Facility

HAMLF: AsseéBacked Commercial Paper Money Market Mutual
o FundLiguidityFacility

HMMIFF: Money Market Investor Facility

HCBSL: Central Bank Swap Lines




CB swap lines post 2007

Chart 10 Network of bilateral swap lines
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(¢} Doesnot Indude swap lines under the Chiang Ma Initiatve Multilateralization as this neework s no longer based on bilateral swap lines. The value of the links in the uncapped acvanced economy network are Bustrative
For central banks which drew from the Fedesal Seserve in 2008/09 we 2ssume they can draw from each of the other central banks in the network the smalier of (1) ther maximum drawirg from the Fed and (i) the
lencing central bank's maxkmum drawing. For central banks which dcn't deaw we 2ssume thae they can draw an amount equivalens to the wverage past dramings refative to the GDP of the borrower, multplied by that

country’ 1 CODP. The effective lines could be larger or amaller than these Mustratise values, 12 is urlikely that a centrat bank woukd draw on all of these Ines simultancowsly

The governor of the Reserve Bank of India on Sunday called on major ceritrat iBaks |
network of currency swapdeep into emerging markets, sayingastypweof t u ain a
t he rovisi on of foreil gn c ur rVeahStreet¢ murnala
October 15, 2017.



This paper
1. How do swap lines work and what is their role in monetary policy?

A Source country CB lending to recipient country banks. Recipient CB bears aradiit ri
does theamonitonng of the bank

2. How does this monetary policy transmit through financial markets?
ACeiling on CIP deviations => lower funding costs

3.  What economic consequences does this have?

A Encourage investment from recipientintry banks into assets denominated in the
sourcecountryuds currency.

Al ncreases prices of affected bonds,

Model: From simple arbitrage trade through to GE model of international bank investme
EmpiricsExploit variation in timing of swap line operations and in the Swap Line Rate In



2. Role In central banking:
now the swap lines work



ECBborrowing USD from Fed
msells $m(38 sells O b

Federal |& Agreein one week to resell at same| rardzuropean

Reserve | Central Bank
A Fed charges interest (OIS + spread)

EZ
Bank




ECBborrowing USD from Fed

Federal European
Reserve Central Ban[(

A ECB lends to EZ bank.
A Charges same rate.

A Determines eligibility and collateral

EZ
Bank




ECBborrowing USD from Fed

A ECB collects payment and returns $ to Fed.

Federal |A ifEz bank defaults, ECB must gettf EUropean

Reserve ] Central Ban[(
A Os are coll ater al . _ .1 EC

Liguidityassistance to foreign bank using
foreign central bank to do the monitoring
of the collateral and of the bank EZ

Bank

B def




Functions and alternatives

Properties
A US monetary policy on monetary base and rate, not EA monetary policy
A No exchangeate or interestate risk, ECB has credit risk as in any lending facility

Basic function of central banks:
A Fed: provide liquidity when there Is a funding crisis
A ECB: judge banks eligible for liquidity assistance

Alternatives (beyond FX reserves):.

1. Fed lends directly to EZ banks through discount windovBUAf Tess efficient
monitoring, Fed refuse, (i) branches/subsidiaries did not have collateral; (i) stig

2. EZ banks borrow euros from EGBenbuy dollarsandswap out the currency risk?
Spot and forward mar kets never <c¢l ose



3. Theoretical predictions: The economic
consequences of the swap lines



Alternative

ATrade involving only a bank and the central bank (all in logs)
AEZ bank borrows dollars for one week from ECB swap ling, pay
ABuys euros at spot rate, and sell forward at ratein one week
ADeposit euros at ECB at at réte
ASwap overnight for ongeek rate at cost — ;"

ABorrow and deposit at the ECB. No risk beygrmb(nterparty in currency
swap, (II) movements in EZ policy spread. Principle of no arbitrage:

i > 8¢ — fo+ (" +iy —i})



Arpitrage relation

A Deviations from CIP (in OIS terms):

. l'* .
Ty = St — Jt +1; — U4

ATwo options: borrow from swap linerator borrow dollars synthetically: x

A PropositionDeviations from covered interest parity have a ceiling given by
spread between the source swap and interbank rates plus the difference |
recipient central bank policy and deposit rates:

vy < (if —i¢) + (3 —iy")
: /\ .- /\ 1
Spread on the | Spread IOR vs

swap line policy rate




A supply curve for FX swaps

ATwo extra Ingredients:

1. The market for forwards works over the counter so at any date there Is
distribution of transaction prices for a distribution of lenders and borroy

2. Two leading theories for why CIP stopped holding after 2007.

A Representative Intermediary In FX swaps, atomistieutsil traders, matchec
with bank OTC. Two frictions:

1. Capital requirement of fractiomthat costs:; + A¢
2. Haircut cash rati® and unsecured funding ¢osta?
A S0 profit per unit of trade:

zy — (i — i) — [mAL + (1 —m)(1 - €AY

g
=h(.)



Equilibrium In financial markets

AArguments foh(.)to increase Itotal volume of trad¢l,):
(1) opportunity cost of capital,
(1) default and debt overhang.

A Banks, indexed byheterogenous in bargaining pco,2r
ANash bargaining wiff 2) in OTC market (swap line outside option)

L‘E'a:t — (Zf* — ?,:;*) -+ (Saht —+ (]. — 5(1)(?,? — Zt)

Al hy > (1% — iy) swap | 1 ne s



Equilibrium result

La.t
Demand for FX swaps

Supply of KX swaps

Swap line cut:
| 1. Lower ceiling
v 2. Cheaper outside option

MEEENEEEEEEEEEEEEEEEEEEENI]
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Further discussion: haircuts and regulation

A Alternative source of funding for European banks was central bank, and t
have same cash rate no matter which currency Is borrowed.

PropositionBankspecific deviations from covered interest parity have a ceilil
by the spread between the source swap and interbank rates, plus the differ
between the recipient central bank policy and deposit rates, plus the shada
collateral, plus the shadow cost of regulation on banks that is triggered by |
and lending from their central bank:

Shadow value of
reg. constrain]

N
Tap < (3 — i) + (i —37) + (1 — &) (igs — %) + Ya,z-
/\
Shadow value of
collateral




Model of cross border investment (in brief)

Put intothreeperiod(0,1,2)two country, HolmstromTirolemodel of investment
and funding shock&ecipient country banks investing In source country asset

Initial perioe Investment and complementary pefiodvestment. Payoff In
period2.

Funding risk In source currency Iin petigeécipient currency unconstraingd)
switch to FX swaps subject to same frictions as before.

Swap line provides celling, mitigates funding shock In period 1, reduces risk
period0 perspective.

A4
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Model of cross border iInvestment

Put intothreeperiod(0,1,2)two country, HolmstromTirolemodel of investment
and funding shock&ecipient country banks investing In source country asset

Rep_resentative sourceuntry firm, aside from local inpusegecipient country
capital . ky F(ko, k1) OF () /Okodky > 0



Model of cross border iInvestment

Put intothreeperiod(0,1,2)two country, HolmstromTirolemodel of investment
and funding shock&ecipient country banks investing In source country asset

Representative sourceuntry firm, aside from local inpusegecipient country

capital
P ko k1 F(k07 kl) 8F()/6k08k1 > ()
r /\ . /\ o /\ | N\
Initial perio® | | Followup period Period2 gross , Complementarin}

Investment 1 iInvestment return in investment




Model of cross border iInvestment

Put intothreeperiod(0,1,2)two country, HolmstromTirolemodel of investment
and funding shock&ecipient country banks investing In source country asset

Rep_resentative sourceuntry firm, aside from local inpusegecipient country
capital . ky F(ko, k1) OF () /Okodky > 0

Without financial frictions, the optim( &, &*) is:

OF(.)/0ki = p OF(.)/0k* = i

N\ S/ —
"Period0 to period2 Periodl to period2

sourcecurrency Squrcecurrency
interest rate Interest rate




Funding shocks and sources of funding

Limited ability of recipiecbuntry bank to attragteriod 1sourcecurrency

fings < 7—y [ > k* G(x)
A 1 r /\ f /A |
Avallable source Max sufficient to Funding shock

currency [0, ] fund frictionless




Funding shocks and sources of funding

Limited ability of recipieabuntry bank to attragteriod 1sourcecurrencyfinance
[* <l—vx [ > k* G(x) V¥=k*+x—1
/\

Demand for
alternative

Alternativeborrow In recipienturrencyhedgewith intermediaries &gforeat cost

i+ 0h(k* +x — 1)+ (1 —06)(i° — 1)

Simplify by assuminyfioor system(ii)collateral/regulatory constraints not binoimg
swap line use (lil) banks hawenogenous bargainpawer. So, simpler ceiling result
thatx < F-I.



Equilibrium
CIP deviation

X N

Ex post profits

PeriodO first order condition:
GO (k) + (1 — GR))F (k) + /

X

<




Theoretical Predictions

Proposition&n decrease in the swap line rate:
1. Lowers the ceiling and expected realizations of CIP deviations;
2. Ralses Investment by recgmantry banks in sowta@ency capital;

3. Increases the expected profits of rezmoieiny banks that invest in source
currency capital.



Theoretical Predictions

Proposition&n decrease in the swap line rate:
1. Lowers the ceiling and expected realizations of CIP deviations;
2. Ralses Investment by recgmantry banks in sowta@ency capital;

3. Increases the expected profits of rezmoieiny banks that invest in source
currency capital.



Theoretical Predictions

PropositionAn exogenouecrease in the swap line rate:
1. Lowers the ceiling and expected realizations of CIP deviations;
2. Raises investment by recgmantry banks in soumaeency capital;

3. Increases the expected profits of rexmpmetny banks that invest in source
currency capital.



4. Empirics: The swap line and CIP deviatio
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A Swap lines start in 12/2007, all but 5 lapse in 2009.

A Celling held well until 2015 (2014 for JPY); except for year ends.-@uanearlations after.
A Theory Is sharp on what measure of CIP to use.

A Two strategiesi) Diff-in-diff around rate cut, (iI) Variation in operation timingexd)



Differencan-differenceglentificatiostrategy

A Nov. 30, 2011: Fed unexpectedly announced would lower swap rate spread from 1% 1«

A Compare CIP deviations for swae currencies (EUR, JPY, GBP, CAD, CHF) wasvapn
line (SEK, DKK, NOK, AUD, NZD)

Exclusion restriction for identification with respect to CIP

A

Do o T» o D>

The minutes of the meeting have no mention of recemtek CIP deviations

Our measures were not particularly elevated the days or weeks before the change.
Motivation was to normalise the operations of the swap line.

Timing: outcome of lengthy discussions with foreign central banks.

Size of the change partly random: serious discussion of 0.75% versus 0.5%

The change affected all sviap central banks, event though closer event was crisis In
Eurcarea (treated) and Nordic countries (untreated)

Surprise to markets, little anticipation effect



CIP deviations (quoted)lov 2011

. . Quotes, using the mglioted price
swap line currencies of all FX swaps recorded in
Datascopematched to match to
average spot price in the minute of
Lo - the guote.

CIP



CIP deviations (quotas)i00bp celling

swap line currencies




30" Nov-2011: 50bp cut

swap line currencies
I

1.3



Dramatic fall in CIP deviations

swap line currencies
|

after

1.2



Not replicated in neswapline currencies

non swap line currencies
I

B Cefore after




Inspecting treated and control groups

(1) (2) (3) (4) (5) (6) (7)
Baseline: 28/11-29/11  Nov vs Jan,  23/11-29/11  23/11-29/11  283/11-29/11  Now vs Jan
23/11-29/11 VS Quotes VS VS VS Daily Data
Us 1/12-7/12, 8/12-13/12,  g/12.13/12,  8/12-13/12,
8/12-15/12, Quotes No Euro, European FUR, CHF
Quotes Quotes Currencies, vs DKK,
Quotes NOK,
Quotes
Mean - 28] K - DQHHHK - 28HHHH =21 2% -.118 /% Yiglolo - 184%*
(.108) (.084) (.110) (.098) (.143) (.070) (.092)
Median -.208 -.197 -.015 -0.187 -.024 - 375 -.146
(.195) (.167) (.169) (.127) (.208) (.138) (.147)
75 Yotile -.280 - 283** -.407 -.223 - 4917 -.608*** -.155
(.220) (.141) (.289) (.142) (.199) (.087) (113)
90 %tile - .HRGHH* =207 -.703* -.354** -.4017** - H2HHH - 28] KKK
(.174) (111) (.382) (.148) (.180) (.109) (.090)
N 288374 283932 1228637 203889 120555 95434 430

Notes: Swap Line Currencies refers to EUR, GBP, CAD, JPY, CHF (treatment group). Non-swap line currencies refers to AUD, NZD, SEK, NOK,
DKK (control group). Column (1): Compares CIP deviations from all quotes in the F X swap market recorded between 23/11/11-29/11/11 versus 8/12/11-
18/12/11. Column (2): Changes the post announcement window to 1/12/11-7/12/11, covering the 5 trading days through to the first European auctions at
the new rate. Column (3): Extends the event windows to monthly and compares November 2011 to January 2012. Column (4): As Column (1) but FEuro
excluded from sample. Column (5): As Column (1) but excludes JPY, CAD, AUD and NZD from the sample. (6): As Column (1) but restrict sample
to FUR, CHF wversus NOK, DKK. Column (7): As Column (3) but uses daily data on CIP deviations based on prices at close in FX forward and spot
markets. Standard errors, block bootstrapped at the currency level, in brackets. *** denotes significance at the 1% level; ** 5% level;* 10% level.



Celling violations since 2016

- f A Perhaps due to compliance with
N R T O leverage ratio only being required at
JPY CHF of quarter.
8 - = CAD
A Our framework can account for this:
6 | spikes represent shift in shadow vali
reg. constraint.
4 l
* A More importantly, swap line is not a
| ™ - : standing facili@Qperations occur
L o i NS W LL&_;I wh :,-..“'! tigptiig il .;-“.; we € k I y h
01/01/2016 01/01/2017 01/01/2018 01/01/2019

A New test of theory.



Celling violations since 2016

Demand for FX swaps

At quarter ends:
1. Supply of FX derivatives tight.

2. Demand for funding high.
3. Swap line not always active.
So high CIP deviations

Supply of KX swaps

When swap line active:
Ceiling binds and CIP
deviations fall

h(V;) = (i5 — iy)

A Perhaps due to compliance with
leverage ratio only being required at
of quarter.

A Our framework can account for this:
spikes represent shift in shadow val
reg. constraint.

A More importantly, swap line is not a
standing facili@perations occur
weekl yh

A New test of theory.



Splkes coincide with swap line operations

a) Five swap-line currencies and their median around the end of 2017Q (b) Median across currencies for different quarter ends
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Notes: Ceilling violations around quarter end. Panel (a): Plots max(xj¢ — (if —i5,t) — (4, —1;),0) where x; ¢ is the
one-week OIS CIP dewation of the CAD, CHF, EUR, GBP, and JPY wis-a-vis the USD (grey lines) and the black
line 1s the median of the 5 currencies. Vertical lines correspond to the dates of swap line operations by the ECB, BoE
and SNB. Panel (b): As the black line in panel (a) but for alternative quarter ends. Zero on the x-axis corresponds
to the trading day when bids for the second to last European swap line operation of the quarter was taken. The next
operation s settled on the 6th trading day after that.



Cel | 1
liIne ops
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Celling violations die with next settlement

Conditional on a celling violation atidatartd given that the next operation settlement is at
then what is the probabillity of a ceiling violation in period iofmosards?

(b) Probability of breaking ceiling as move away from swap line settlement at date O

0.9
0.8 Settled t+2
0.7 e Seftled (3 A h: horizontal axis
0.6

Settled t+4
0.5 A Null zero when h=0.
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The Covidl9 Spiké March 2020

175 -

15/03: Emergency intervention.
Lower swap line rate. 84 day loans.

150 A

125

100

75

50
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--------------------------------------------------------------------------------------

D |
-25 - . .
12/03: Last auction before 19{03: FirSF auction after
-50 - intervention settled. intervention settled.
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——EUR === CHF CAD em=GBP —JPY



5. Empirics: Bankehaviourand asset value:



Empirical stratedy investments

ABanks I n countri es wlith access toc
demand more USIdenominated assets relative to other banks and relative
nonUSD bonds

ATriple differencen-difference
A (1) across time: swap rate change, days before and after
A (I1) across banks: swap and non swap line across currencies
A (1) across investments: Udhominated bonds versus bonds in other currencies



Data

AZEN database:

A All trades by EERegulated financial firms of eitherisiCed corporate bonds or
traded by UKbased firms (London financial center)

A Individuals transactions, millions of observations. 26 (19) banks, 790 (69 bonds).

A Aggregate to measure net daily flow from firm a, into corporate bond b, at trading
t, scaled by average flomg

A Later, also:

A All USDbonds in BAML indices, separate those that are actively traded by swap |
banks, then match them to those with similar characteristics.

A All bank stock prices In recipient countries , separating those with U.S. presence.
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Cumulative inflow into USD corporate bonds

Announcement USD swap line

30th November 2011:
rate is cut to 50bp
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Excess demand for USD bonds from shvegpbanks

Na bt = By X Swa,pLine@ x USDBondy, + Qg t T Vbt T Eab,
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Na,bt = B X Posty X SwapLine, x USDBondy 4+ . + + €k, j t

(1) (2) (3)
Fized Effects

(4)

baseline  currency, bank currency, saturated
bank, bond
char.

Post; x Swap, 0.077* 0.077* 0.077* 0.079*

xUS D Bondj (0.035) (0.038) (0.037) (0.039)
N 205227 205227 205227 205227
bank x period f.e. No Yes Yes Yes
bank X currency {.e. No Yes Yes No
bank X i1ssuer f.e. No No Yes No
bank X duration f.e. No No Yes No
bank x bond f.e. No No No Yes
period X currency f.e. No Yes Yes No
period X i1ssuer f.e. No No Yes No
period X duration t.e. No No Yes No
period X bond f.e. No No No Yes




Features and how large

A Further features:

ATri1 ple di fference all ows us to contrr
credit worthiness, and to identify shifts in preferences among banks for bonds of
different denominations.

A Stronger effect on lower credit ratings, stronger effect for infrequent traders

AHow large was effect of 0.5% fall in swap line rate?
A Within sample, increase in gross flows of $230 million, 4.8% of their absolute flow

A Extrapolating out of sample to all bonds issued by U-ftharamal excluding the
government in the flow of funds: $8.31 billion shift in capital flows.



Empirical strategy 2: asset prices

ABonds that are heavily held by foreign banks should see their prices rise.

A Differencan-difference

A (1) across time: swap rate change, 5 days before and after

A (I1) across USD bonds: those held by foreigners versus those that are not. Starting
bonds in BAML Index, nearastiresheighbor match to treated bonds on characteristi



Effect on bond prices

Nearest Exact Match on Exact Match on

Neighbour Furo Issuers Industry
frequentlytraded,  -0.086** -0.1227%* -0.080
(0.036) (0.036) (0.034)
N 5474 5474 206506

Notes: The dependent variable is the change in the average yield of the bond in the 5 trading days following the swap
rate change on the 30th of November 2011, versus the 5 days before. The independent variable s a dummy for whether
the bond is frequently traded by our sample of Furopean banks. Column (1): nearest neighbor estimates, using Abadie
and Imbens (2011) bias correction, that single matches on five bond characteristics: (i) credit rating, converted into
a numerical scale, (it) log residual maturity, (i1i) coupon, (i1v) log of the face value outstanding, and (v) average yield
in the 5 days prior to 30th November. Column (2): includes exact match on whether the bond issuer is located in a
Euroarea country. Column (8): includes an exact match on issuer industry, industry classification level 3 of 4 in the
BAML dataset; control sample modified to overlap with the industry classifications in the treated sample; two treated

bonds which appear uniquely in an industry classification dropped. Robust standard errors in brackets. *** denotes
statistical significance at the 1% level; *™* 5% level;™ 10% level.



How large?

A Gertler and Karadi (2018npnventional monetary polslyock that raises the
oneyear yield by 50bp, raises the commercial paper spread rises by 12.5I

AWe find that anunconventional monetary polstycks to the swap line rate of
50bp lowers the corporate bond yieldupyto 12.2bp.



Empirical strategy 3: bank \&lue

A Banks In countries that recelve dollar swap lines should have excess ret
around announcements since now safer, protected from funding shocks.

ATriple differencer-difference
A (1) across time: swap rate change, 5 days after
A (1) across currencies: swap and non swap line across currencies
A (1l1) across banks: with US presence or not



Returns around swap rate line change
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Estimates and standard errors

Table 5: Average bank excess returns after swap line rate change

Swap Line Banks US Banks Other Banks
US Presence No US Presence
Awverage 0.0265* 0.0087 0.0063 -0.0033
(0.0140) (0.0068) (0.0084) (0.0098)
Size Weighted 0.0251** 0.0281*** 0.0290* 0.0047
(0.0125) (0.0086) (0.0154) (0.0103)
N 36 72 310 24

Notes: FEzxcess returns are computed accumulating over 38 days using a beta-to-local market return that is estimated
over the 100 days prior to 01/11/11. Swap line banks are headquartered in Canada, Euro-area, Japan, Switzerland, or
the United Kingdom. U.S. presence is taken from “U.S. Agencies and Branches of Foreign Banking Organisations”
dataset. Bootstrapped confidence intervals in brackets are constructed by randomly sampling event dates over the

window 01/06/10-31/11/11. *** denotes statistical significance at the 1% level; ** 5% level;™ 10% level.



5. Conclusion



Conclusion

ACentral bank swap imaportant to understand international financial
architecture, and provide new data to test old Bagehat ideas

ASwap ling@rovides cross currggaydityo foreign bankssing the foreign
central bank as agent and bearer of risk. LOLR for global banks.

ASwap line spread plus foreign difference between policy and deposit cen
bank rates pstaceiling on CIP deviatiemgirically1% fall in ceiling lowers
average CIP by 0.6% ané pércentile by 1.1%pikes in CIP only when no
swap line auctions.

ASwap line encourages investmediSpassets ex ante, prevents fire sales €
post. Empirically spertfolio titowards bondef 4.8% of flowancrease In
price of USD bonds traded by foreign@maybe)ncrease in share price of
foreign banks.



Further questions

A Rules versus discretion and the future?

AWhat Is the optimal design of the swap line contract?

A ls encouraging cresgrrency mismatches leading to micancial fragility?
A Coordination between two central banks?

A International and multilateral organization: role of IMF?

APBOC RMB swap lines: quite different, goal Is to create a forward market, lowe
costs of invoicing In RMB. Effectiveness of increasing usage of RMB?
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