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Limits to Arbitrage due to Frictions and Regulation

Abstract

This thesis examines the credit market arbitrage trade: The CDS-Bond

Basis, and seeks to explain why it is possible to consistently observe non-

zero bases and has been since the financial crisis. The main approach to

this is to understand the mechanics and frictions of the trade as well as

how the capital requirements imposed on the banking sector may affect the

behavior of banks acting as arbitrageurs or as liquidity providers to market

participants. We make a detailed outline of the balance sheet impact, reg-

ulatory impact and profit of the basis trade and do comparisons between

trade characteristics like type of counterparty, credit rating of the under-

lying bond and weights on different capital requirements. We consider two

cases; firstly, where the bank acts as the arbitrageur and secondly, where

a hedge fund acts as the arbitrageur and need the bank to help facilitate

the trade. In both cases, we calculate the return on equity and are then

able to calculate the level of the basis at which the arbitrageur is willing to

trade it considering a return target. We find that the basis must be consid-

erably different from zero for either arbitrageur to earn the required return

on equity and that the hedge fund has a harder time earning a return on

the basis trade than the bank. Lastly we show that under a risk-weighted

capital requirement, the basis on a poorly-rated underlying bond must be

larger for an arbitrageur to trade it compared to a highly-rated underlying

bond. This proves that not all bases are treated equal.
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1 Introduction

In the years following the financial crisis, a range of new regulatory initiatives were made

by authorities. In 2009, the Dodd-Frank Act was implemented in the US, in 2010 the

Basel III framework for capital requirements was approved and in 2014 in the US, an

enhanced Supplementary Leverage Ratio (SLR) was imposed on the largest banks. Post-

crises, we have also seen deviations from theoretical no-arbitrage conditions and the Law

of One Price - the key principle behind the pricing of different securities.

An example of such no-arbitrage relationship between securities is the CDS-Bond Ba-

sis where the theory states that the credit risk priced in a bond should be equal to the

credit risk priced in a corresponding Credit Default Swap (CDS). During the crisis, we

saw large deviations from this relationship and the relationship - the basis - has been

somewhat consistently non-zero since. The basis has been negative meaning that bonds

has priced in more credit risk than CDSs referencing the same entity - How can this be?

(a) Investment Grade (b) High Yield

Figure 1: CDS-Bond Basis over time
Source: [Boyarchenko et al., 2018b]

Above, we can see how the basis became very negative in the crisis years. Note also that

we see an increase in the basis around 2014 - the same time the SLR was finalised.

That banks are imposed capital requirements that prohibit them from taking on as much

leverage as they would like means there is a price to using their balance sheet. Banks has

the role of providing liquidity to market participants. This could be a loan that will then

enter on the asset side on the bank’s balance. The bank now has less room to do business

as the bank is now closer to the capital constraints. As banks are not philanthropists,

this burden is shown in larger market frictions. How banks acts as intermediaries and

how regulation affects their behavior has been studies intensely in recent literature.
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This thesis has the goal to increase the understanding of bank’s behavior by analysing the

CDS-Bond Basis. The approach will be very practical, as we seek an understanding of

how the basis really trades, what frictions are met by the arbitrageur and how regulation

really affects the balance sheet when banks provide liquidity to CDS-Bond Basis trades.

2 Literature Review

This thesis adds to two growing parts of the literature. Firstly, how frictions in financial

markets can shift prices away from theoretical no-arbitrage conditions and secondly how

regulatory constraints imposed on the banking sector - specifically leverage constraints -

may play a role in the persistence of deviations in no-arbitrage conditions.

A theoretical implementation of this concept is in [Gârleanu and Pedersen, 2011] that

models a margin-adjusted Capital Asset Pricing Model where different margin require-

ments for a cash instrument and a cash flow mimicking derivative, i.e. a bond and a CDS,

can lead to a failure of the Law of One Price if we have a margin constrained investor. Be-

cause margins are different so are the equilibrium rates of return. Apart of justifying non-

zero bases, this also predicts - again with the example of the CDS-Bond Basis - that we

will observe larger deviations for high-yield bonds simply because the margin differential

is higher due to the much larger haircut when using a high-yield bond as repo collateral.

[Bai and Collin-Dufresne, 2019] empirically investigates the cross-sectional variation in

the CDS-Bond Basis and test the explanatory power of various proxies for frictions such

as bond liquidity and funding liquidity risk. A lot of these measures were significant

drivers of the basis under the financial crisis where we saw a very large basis. However

post-crisis, fewer effects are significant.

In terms of the impact of regulation, [Du et al., 2018] show that the profitability on

another basis trade, the covered interest rate parity (CIP), is strongly correlated with

the strength of the dollar. With the argument that a strong dollar is a proxy for the

price of bank leverage, a constrained banking sector will not always choose to finance

trades at a cost that makes the trade profitable. For the CDS-Bond basis specifi-

cally, [Boyarchenko et al., 2018b] show that for a bank targeting a return on equity of

15%, the basis must be -218bp for the bank to live up to a 6% leverage ratio given

some assumptions. Leverage requirements’ effect on bases is discussed more broadly by

[Boyarchenko et al., 2020] that provide a general theoretical framework to show that the
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fact that banks engaging in spread narrowing trades must hold enough equity capital to

live up to leverage requirements and can therefore be discouraged to do so as the return

on equity is not enough to satisfy shareholders. Moreover it is shown that post-crisis,

hedge funds use a larger number of prime brokers to facilitate their trading to diversify

and increase their access to leverage. Following [Eren, 2015], this is against the wants of

the dealer banks that seek to make liquidity provision more efficient by internalizing the

financing of clients’ trades by matching clients wishing to take opposite positions.

We will use the results and approaches of the previous literature outlined above to ex-

amine the CDS-Bond Basis and how frictions and regulations can be used to asses the

profitability of the trade.

3 Theoretical framework

3.1 Credit Default Swap

3.1.1 The Contract

A Credit Default Swap (CDS) is a financial derivative whose cash flow is derived from

the credit riskiness and potential future default of a reference entity. The buyer of a CDS

is insuring a notional amount, N , against default within the maturity of the contract.

The buyer of insurance must then pay periodic premia to the seller of the contract. The

seller of the contract is obliged to pay the loss given default of the reference entity times

the notional of the CDS.

In the case of default of the bond, the contract can be either physically or cash set-

tled. Under physical settlement, the buyer must deliver the defaulted bond to the seller

against receiving the bond’s notional. Typically, under physical settlement, the buyer

has a ’delivery option’ to deliver a bond from a set of bonds. The buyer will of course

deliver the cheapest bond. This option has a positive value, making the CDS slightly

more expensive with this term. Under physical delivery, there is no issue in determining

the recovery value of the bond. Since entering into a CDS does not require the buyer to

hold the reference bond, there can be situations where the CDS notional on a given bond

is larger than the total bond notional. This was the case for some entities before the great

financial crisis (GFC) of 2007-2008. Such a situation would lead to an excess demand

for these bonds post default as the CDS buyers need to acquire the bonds to then be

delivered to the CDS sellers. The excess demand will bid up the price and thus reduce
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the loss given default. Physical settlement may then interfere with the actual recovery

rate of the bond. For investors being long a CDS without being long the underlying bond

this type of settlement is less convenient. Even worse it for investors with long position

in a CDS index or CDS index tranche. Here, each index constituent makes out a small

part of the index exposure, and the investor is unlikely to hold a corresponding long cash

position for physical delivery in each constituent.

To avoid the issues with physical settlement, cash settlement was introduced by The Inter-

national Swap and Derivatives Association (ISDA) in the ISDA Master Agreement. Cash

settlement is done through an auction process in two parts [Creditex and Markit, 2010].

In the first part, dealers submit their initial bid and offer on the defaulted bond. If any

bids and offers cross, they are removed from the sample. Now, the remaining highest

half of the bids and lowest half of the offers is kept in the sample. The average the

the remaining sample is then the ’initial market midpoint’. Dealers then submit their

’physical settlement requests’ indicating if the want to buy or sell and in what quantities.

Only market participants with CDS positions, long or short, are allowed submit physical

settlement requests and these must be in the opposite direction and not exceeding their

net CDS position. The ’open interest’ is then defined as the net of total sell and buy

requests. If the open interest is zero, the initial market midpoint is the final price. In the

second part of the auction, also dealers and market participants without CDS positions

can submit limit orders. Either buy or sell depending on the open interest calculated in

part one. The final price is then the last order from the limit order book that is matched

to the open interest plus a small pre-determined spread [Du and Zhu, 2017].

CDS contracts also describes what credit events trigger payment from the seller. The

important credit events (for corporate bonds) are bankruptcy, failure to pay and restruc-

turing. Of these, the restructuring clause in the contract is particularly important as

these ’soft’ credit events may not have an obvious consequences for the bond holder. To

define the degree of protection upon restructuring for a CDS holder, there are four stan-

dard clauses. These are Full Restructuring (FR), Modified Restructuring (MR), Modified

Modified Restructuring (MMR) and No Restructuring (NR). Under the FR clause, any

debt restructuring in the reference entity qualifies as a credit event where any bond with

maturity up to 30 years can be delivered. This gave a lot of value to the delivery option

for the CDS buyer, an thus a modification to the FR clause was made. The MR and

MMR clauses limit the set of bond that are qualified for delivery. Lastly, in the NR clause

no restructuring event can trigger payment from the CDS seller [Packer and Zhu, 2005].

Another set of restructuring clauses was made in 2014 by ISDA to include credit events
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whose necessity were made obvious after 2003 when the old definitions was made. This

was triggered by the nationalisation of a Dutch bank where all of its subordinated bonds

became expropriated [Carruzzo et al., 2014].

CDS contracts can either be bilaterally or centrally cleared. For bilaterally settled trades,

the collateral requirements surrounding the trade is typically following the Credit Support

Annex, CSA. The CSA in an extension to ISDA Master Agreement and is a document

that establishes the rules of mutual collateral between parties. Central clearing through

a Central Clearing Counterparty (CCP) drastically reduces the counterparty credit risk

(CCR) and increases transparency, see more on this in Section 6.2.

CDS contracts have been standardised to trade with a fixed, standard premium that

is not necessarily the ’fair’ premium. To adjust for this, there will be an upfront payment

- positive or negative - when entering a contract. The upfront payment is then set so

that the upfront payment plus the present value of the expected future fixed premium

payments is equal to the present value of the expected future fair premium payments.

The introduction of fixed coupons make netting and offsetting open contracts much easier

as a dealer holding a long CDS can offset his position simply by taking the corresponding

short position with the same fixed coupon. That way the future net cash flow is zero

for every time period and the dealer makes a profit of the difference in upfront payments

less paid premia. Had the CDS been trading at par as standard, offsetting the contract

as above will not result in identical cash flows in each period and thus not completely

offset/hedge (See Figure 2).

3.1.2 Pricing

To price the CDS, we start by disregarding the fixed premium and simply use a fair CDS

premium. The general idea of pricing the CDS is to set the premium so that the expected

payoff of the seller is equal to the expected payoff of the buyer. For such pricing, we need

certain inputs. A recovery rate on an eligible bond issued by the reference entity, a zero

rate curve to discount future cash flows and a risk-neutral survival probability curve, to

evaluate the probability of future cash flows even occurring. We assume that discount

factors and survival probabilities are independent of each other.

We define Πs as the present value of the seller’s leg per unit of notional where we assume
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the settlement of a default between Ti−1 and Ti occurs at the midpoint, Ti−1−Ti

2
:

Πs
t(T ) = (1−R) ·

n∑
i=1

P

(
t,
Ti−1 − Ti

2

)
(S(t, Ti−1)− S(t, Ti)) (1)

Above, R is the recovery rate, P (t, Ti) is the time t present value of one unit’s payment in

time Ti - the discount factor. S(t, Ti) is the time t risk-neutral probability of the reference

firm surviving past Ti. The default probability comes from some default intensity curve,

λ(u), similar to a zero curve. Thus, the value of the seller’s leg is simply the assumed

loss given default multiplied by the sum of discounted risk-neutral default probabilities

between two periods - the expected payment from the seller.

We then define the value of the buyer’s leg, Πb, per unit of notional, again with the

assumption of default settlement at the midpoint of a period.

Πb
t(T ) = C ·

(
n∑

i=1

δiP (t, Ti)S(t, Ti) +
n∑

i=1

1

2
δiP

(
t,
Ti−1 − Ti

2

)
(S(t, Ti−1)− S(t, Ti))

)
(2)

Here, C is the annual fair premium paid by the buyer, δi is the length of time period Ti.

This is determined using a day-count convention, which for CDSs is typically Act/360. As

the premium payments are in arrears, it is discounted from the end of each period. Note

that the buyers leg is determined by the fair premium multiplied by the risky present

value of a unit cash flow in each period - a risky annuity, RA.

Although this is somewhat simplified with the midpoint settlement assumption, the equa-

tions above gives a clear view of the pricing of each leg and the variables included. As we

know, the fair premium must ensure that the buyer and seller are both willing to enter

into the contract. Therefore we must solve for the fair premium, so both legs are of equal

value.

Setting the two legs equal and solving for the fair premium gives:

C =
(1−R) ·

∑n
i=1 P

(
t, Ti−1−Ti

2

)
(S(t, Ti−1)− S(t, Ti))∑n

i=1 δiP (t, Ti)S(t, Ti) +
∑n

i=1
1
2
δiP

(
t, Ti−1−Ti

2

)
(S(t, Ti−1)− S(t, Ti))

(3)

Up until now, we have only been concerned with the fair premium. As the CDS now

trades with a fixed premium and an upfront payment, u, we also need to convert the

result from fair to fixed premium. As the total expected payments must not change for
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either party, we set up the equality:

u(T ) + Cfixed(T ) ·RA(T ) = Cfair(T ) ·RA(T ) (4)

We can the solve for the upfront:

u(T ) = RA(T ) ·
(
Cfair(T )− Cfixed(T )

)
(5)

From this equation follows the intuition that the upfront is the present value of receiving

the fixed premium instead of the fair premium.

3.2 CDS-Bond Basis

We have just established that the value of a CDS, apart from zero rates, depends from

the recovery rate and the probability of default of the underlying. One can easily see

that a buyer (seller) of CDS protection is short (long) the credit risk. Another way of

being long or short the credit risk of the underlying is to simply buy or sell it. The

’synthetic’ exposure of the CDS and the ’cash’ exposure of the bond must be somewhat

closely linked - and they are.

Following the argument of [Duffie, 1999], to set up the perfect arbitrage trade, we need

a risk-free floating bond, a risky bond trading at par with a floating coupon and a CDS

written on the risky bond all with the same maturity, T. We then define the fixed credit

spread, S(T ), above the risk-free rate, rf (T ), on the risky bond as:

rrisky(T ) = rf (T ) + S(T )↔ S(T ) = rrisky(T )− rf (T ) (6)

We can thus isolate the compensation for credit risk by going long the risky floating bond

while shorting the risk-free bond. Notice that this argument is in the absence of any mar-

ket frictions and shorting the risk-free bond is of no cost. With these assumptions, there

is no initial investment necessary to construct this portfolio and is thus highly stylised.

This produces the following cash flows in the case of no default of the risky bond (per

unit of notional):
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Time t = 0 t = 1 . . . t = T − 1 t = T

Long risky floater −1 rf0 + S(T ) . . . rfT−2 + S(T ) 1 + rfT−1 + S(T )

Short risk-free floater 1 −rf0 . . . −rfT−2 −(1 + rfT−1)
Total 0 S(T ) . . . S(T ) S(T )

Table 1: Cash flow with no default

With no default, the long and short position is held until maturity. For all coupon dates,

rft is paid and rft +S(T ) is received for a net of S(T ). This is the same cash flow structure

as would be seen from selling a CDS as the portfolio only receives the compensation for

credit risk.

In the case of default at time t = τ , the following cash flows is realised (per unit of

notional):

Time t = 0 t = 1 . . . t = τ t > τ

Long risky floater −1 rf0 + S(T ) . . . R(τ) 0

Short risk-free floater 1 −rf0 . . . −1 0
Total 0 S(T ) . . . −(1−R(τ)) 0

Table 2: Cash flow with default at time t = τ

Here, we have default at time τ . At default, the risk-free bond is bought back at par,

while the risky floater recovers R(τ) of its value, resulting in a net payment of −(1−R(τ)).

All previous coupon dates will net a payment of S(T ). This is again the same cash flow

structure as would be seen from selling a CDS as −(1−R(τ)) is the loss given default.

As the cash flows from the portfolio of a risk-free par floater and a risky floater is identi-

cal to that of a CDS, under no-arbitrage we must have that the fair premium on a CDS

written on the risky floater is exactly C(T ) = S(T ).

This established the CDS-Bond Basis, where we, in theory, would have the bond spread

of a risky floater over the risk-free floater being equal to the CDS premium:

Basis = CDS premium− Bond spread (7)

If the basis is non-zero, there should theoretically be an arbitrage opportunity. If we have

a negative basis, meaning the bond spread is larger than the CDS spread, an arbitrageur

would go long a CDS and go long the reference bond as it receives relatively more credit

risk compensation than the CDS is paying. This portfolio will then earn the basis at
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each coupon date while completely hedging the credit risk. In the opposite case with a

positive basis, the arbitrage trade can also be made. The arbitrageur would sell a CDS

and short the reference bond (if possible). In both cases, the arbitrageur is not exposed

to default risk but receives the basis. To finance the purchase of the risky bond, the

arbitrageur could have sold a risk-free bond. In practice (and in our later examples), the

use of the repo market is essential to handle the financing of the trade - a matter we will

examine more later. Below, we can see the cash flows in a negative basis trade with a par

bullet bond without repo financing as the reference bond and a CDS with a fair running

premium.

Time t = 0 t = 1 . . . t = T − 1 t = T
Long risky bullet bond −1 rrisky . . . rrisky 1
Long CDS 0 −C(T ) . . . −C(T ) 0
Total −1 rrisky − C(T ) . . . rrisky − C(T ) 1

Table 3: Cash flow from negative basis trade with no default and a par bullet bond

Time t = 0 t = 1 . . . t = τ t > τ
Long risky bullet bond −1 rrisky . . . 1−R(τ) 0
Long CDS 0 −C(T ) . . . R(τ) 0
Total −1 rrisky − C(T ) . . . 1 0

Table 4: Cash flow from negative basis trade with default at t = τ and a par bullet bond

Recall the definition rrisky(T ) = rf (T ) + S(T ). With a negative basis we have that

S(T ) > C(T ). The basis trade thus receives a risk free return above the risk free rate of

rf (T ) + S(T )− C(T ) > rf (T )

as it is fully hedged against default. The excess return is therefore S(T )− C(T ).

3.3 Spread measures

In practice, we do not always have par bonds or many of the other assumptions the arbi-

trage argument above is based upon. The bond spread is therefore not always as simple

as a fixed spread in basis points and we will see that there are multiple measures, each

with pros and cons. To measure the basis, we need a comparable measurement between

the bond spread and the CDS spread. This is not necessarily trivial. In the case of a

basis trade, the default risk is hedged and the assumed recovery rate should therefore not

affect the basis. From (3) we know that the recovery rate has a negative impact on the
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CDS spread and therefore, this should also be accounted for in the bond spread.

Z-spread is traditionally most widely used to measure the bond spread in basis trades.

Here we will introduce this measurements as well as the Par Equivalent CDS Spread

(PECS).

3.3.1 Z -spread

The Z -spread is the parallel shift to the zero-curve needed for the bond price to equate

the present value of future cash flows. A risky bond cannot be discounted with the ’risk-

free’ zero curve, and will therefore not equate the observed market price by doing so.

The Z -spread can be seen as a flat risk premium in the form of ’harder’ discounting on

future cash flows on the risky bond. To calculate the Z -spread, we must solve for z in

the equation:

bond pricet = c ·
n∑

i=1

1

(1 + ri + z)i
+

F

(1 + rn + z)n
(8)

Using the Z -spread, we take the term structure of interest rate into consideration but

assume a flat term structure on default probabilities. In Section 3.1.2, the risk-neutral

default probability is central in the pricing of cash flows occurring in different time peri-

ods and therefore the pricing of the CDS. As we seek are comparable spread measure to

the CDS spread, this is a shortcoming of the Z -spread.

Further, the recovery rate of the bond in the case of default is not explicitly accounted

for, as the Z -spread is simply added to the zero curve in the bond valuation. A change

in the recovery rate assumption affects the price of the bond and thus the Z -spread will

also change, but we will then have to do the calculation once again. Because of this, the

Z -spread as a measurement is less convenient as the effect of changes in the recovery rate

is not explicitly visible and is not as simple as changing a variable input.

The Z -spread is useful to compare relative values of bonds, but not necessarily to CDSs.

Bonds may not trade at par while the CDS effectively trade at par by definition. Take

a bond trading well above par at P0. In default, the bond will lose more than the CDS

will gain, as the price paid was above par. The CDS with a notional of 100 will earn

100 · (1 − R) while the bond will lose P0 · (1 − R) of course less the coupons received.

In the case of default before any coupons are received, an arbitrageur in a negative basis

trade will take a loss of (1−R) · (100−P0). To make up for this, we will have to change

notional on either leg and thus the Z -spread has not been a good measurement. The use
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of Z -spreads also creates a greater dependency on the zero curve than the PECS.

3.3.2 Par Equivalent CDS Spread

A more accurate and comparable spread measure to the CDS spread is the PECS. To

calculate the PECS, we firstly calculate the default probabilities of the reference bond

implied by CDSs on the bond of different maturities. Using the CDS-implied probabilities

as a baseline, we then calculate the bond-implied default probability curve by minimising

the pricing error between the market price and derived bond price.

Below, we have the present value of future cash flows on a risky bond made up of coupons,

rrisky, notional, F , and recovery value, R, in the case of default, as a function of the de-

fault curve, S(t, Ti):

PVt(S(ti)) = rrisky ·
n∑

i=1

δiP (t, Ti)S(t, Ti) + F · P (t, Tn)S(t, Tn)︸ ︷︷ ︸
coupons and face value

+R ·
n∑

i=1

P (t, Ti)(1− S(t, Ti−1) + S(t, Ti))︸ ︷︷ ︸
recovery value

(9)

The bond coupon, rrisky is multiplied by the risky annuity and added to the present value

of the notional times the probability of survival up until maturity. The second part of

the equation concerns the recovery value in the case of default and is the present value of

the recovery value of the bond multiplied by the probability of default in each time period.

The present value of the bond is calculated using the CDS-implied risk-neutral default

probability curve. We then solve for the parallel shift to this curve so that the present

value of future cash flows equal the market price of the bond. The shifted curve is then

the bond-implied risk neutral survival probabilities, Sbond(t, Ti). In practice this is a min-

imisation problem, where we minimise the squared distance between the present value of

cash flows and the market price. We thus have:

Sbond(t, Ti) = SCDS(t, Ti) + ε (10)

Where,

ε = min(PVt(S(t, Ti))− Pt)
2 (11)

We lastly use the shifted set of default probabilities, Sbond(t, Ti), to price a CDS as in

Equation 3. This gives us a par equivalent CDS spread, PECS, of the bond that is di-

rectly comparable with the CDS spread as we have priced two CDS spreads where the

only difference is the input for the ’credit risk’ element - the survival probability curve.
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If the no-arbitrage condition holds, the shift necessary for the default probability curve

is zero. If not, we have a non-zero basis.

The PECS as a spread measurement takes the recovery rate into account explicitly as well

as the term structure of default probabilities. Moreover, it is also sensitive to the cash

flow structure of the bond as the bond-implied survival probabilities is calibrated from

Equation 9 where we price the bond. By using the same formula to calculate spreads, we

get a more precise measure of the basis.

4 Timing of Cash Flows and the Effect on Risk

Even with spread measurements in place, we still have some practical problems with

hedging the credit risk in the basis trade. In a classic arbitrage trade, we have that some

risk is completely hedged but still makes a profit due to a discrepancy in the pricing of

that risk across securities. In terms of the CDS-bond basis, we have several practical

obstacles that hinder this. This includes the coupon size on the bond, a maturity mis-

match between the bond and CDS and the upfront payment on the CDS. These factors

affect the basis’ sensitivity to changes in the term structure of interest rates and default

probabilities as the cash flows of the long and short leg is different across the life of

the trade. A main point is the trade-off between carry and ’Jump-to-Default’ exposure

(JtD)1. A trade with high positive carry, i.e. a position that earns a high positive return

with unchanged market conditions, typically comes with the cost of a large initial JtD

risk - a risk for sudden, large change in market conditions - that declines over time as the

trade has earned a larger profit.

Below are examples on characteristics of the trade that affect the cash flow timing. No-

tice that we move further and further away from the perfect arbitrage trade outlined in

Section 3.2 and describe why a risk-free profit is difficult to secure on the trade.

4.1 Bond Price and Bond Coupon

Bonds with the same credit risk can have different price-coupon relationships. For a bond

with a large coupon, the price must also be high to have the same yield to maturity as a

low coupon bond. The present value of expected cash flows received over the life of the

bond may also be the same but the risk and carry profile is very different.

1 Jump-to-Default exposure is the loss or gain in the case of default at any given time. Timing of cash
flows impact when or if default is most advantageous.
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Disregarding funding for now, in the case of a negative basis trade, the dealer will earn

the bond coupon and pay the CDS premium. A large coupon compared to the fixed

premium on the CDS will give the trade better carry but since the trader has paid a

high price for the bond there is more ’catching up’ to do. This means that the trade will

have high JtD in the first part of the trade and if default happens early in the trade, the

loss will be large. Another important feature to notice is that in the case of default, the

accrued premium of the CDS must be paid while the accrued coupon from the bond is

lost, meaning the closer to a coupon payment default occurs and the larger the (accrued)

coupon is, the larger the loss will be. The extreme opposite example is a zero coupon

bond and a full upfront premium CDS, meaning no intermediary cash flows between ini-

tial payment and maturity. This trade will not have any intermediary cash flows but only

cash flows at initiation, the potential time default or the maturity. This will secure a

profit at initiation and a complete hedge of the credit hedge for the remainder of the trade.

Including funding into this discussion, we will have that a more expensive bond will

need more funding and therefore pay larger (nominal) repo interest payments and have

more OIS funding. Obviously considering funding alone, we will prefer an early default

(See more in Section 7.1).

4.2 Upfront and Running CDS Premium

The same goes for the size of the upfront premium and size of the running premium

on the CDS. Two CDSs can have the same pricing of the credit risk of the underly-

ing, but different timing of cash flows. In the case of large upfront payment on the CDS,

the fixed premium will be smaller than the fair premium, increasing the carry of the trade.

The general rule here is that a small initial payment and thus relatively higher run-

ning premium gives a lower carry on the trade but have a better JtD exposure as the

relatively higher premium will no longer be paid after default. This is easily understood

by seeing that with CDSs, like insurance, the buyer wants to be paid for losses as soon

as possible - not after paying premia over a long period of time. In terms of funding, the

initial margin is indifferent to upfronts as it is set as a percentage of notional.
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Figure 2: Jump-to-Default exposure for different negative basis trades

The graphs above shows the JtD-risk for four different negative basis trades where the

basis is around 100bp. [Elizalde, 2009]. These are all hypothetical and with no actual

calculation behind them. All graphs depict a trade with equal maturity and four possible

coupon dates. The CDS and bond also matures at the same time. The Y -axis is the

sum of total cash flows remaining to be paid, i.e. the loss or gain in the case of default.

Take the red graph showing the JtD exposure of basis trade with a zero coupon bond and

a CDS with no upfront. Here, we are positioned for an early default as a lot of future

premium payments will then not be paid. This trade will thus also have negative carry,

as the intermediary cash flows are premium payments only. The opposite case is with a

large coupon and a full upfront payment on the CDS. An early default will result in a

big loss, as we lose all future coupons but have already paid the full CDS. This will have

a large positive carry due to the large coupons. The case with a basis trade consisting of

a zero coupon bond and a fully upfront paid CDS is the one described above, where no

intermediary cash flows take place, resulting in a constant, positive JtD exposure with

the size of the basis. The yellow graph shows the effect of accrued premia and coupons.

In default, the accrued premium must be paid, while the accrued bond coupon is lost. A

default the day before a coupon payment can thus result in a loss on the trade.

Notice all the trades above all have the same basis but the characteristics of the CDS and

the bond may give different payoffs, and different CDS-bond compositions can be used
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to position one for early or lateno default. In terms of the above, to be positioned for an

early default, the optimal choice will be a low coupon on the bond with a large running

premium on the CDS and conversely for a late/no default positioning the best choice in

a large coupon on the bond and a small running premium on the CDS.

4.3 Choice of Maturity and Notional

Rarely will the trader exactly match the maturity of the CDS with that of the bond.

Therefore, there might be a period where the trader has a naked long or short exposure

on the bond if the CDS expires before or after the bond respectively. Here the trader

must decide to either over-insure which is essentially a default curve steepener, as the

trader will then be positioned for relatively higher default probability on the longest end

of the curve together with the basis trade. The opposite is the case where the basis trade

has a CDS with earlier maturity than the bond, then the trade will be positioned for a

default curve flattener - being positioned for relatively lower default probability on the

long end.

The trader must also choose the notional of the CDS. The obvious choice is to have

the same notional as the bond notional. A higher CDS notional will decrease the JtD

exposure with a similar argument as above. Another possibility is to choose a lower CDS

notional than that of the bond. This will increase the carry and since the maximum loss

on a long bond is the price paid initially, there is an argument for not insuring more than

the trader can lose. According to [Bai and Collin-Dufresne, 2019] it is common to set a

notional to match the capital loss given default, i.e.:

P −N bondR = NCDS(1−R)↔ NCDS =
P −N bondR

(1−R)
(12)

Here, the trader is exposed to JtD if the realised recovery rate is smaller that assumed

but has a high carry.

5 Capital Requirement for Banks and Allocation of

Capital

Through regulation and internal risk models, banks have different constraints on the

composition of their balance sheet. If one or more balance sheet constraints are binding,

the actions of a bank may not be the same as that of an unrestricted, shareholder value
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maximising bank. We have seen the considerations that must be made when trading the

CDS-bond basis and that the textbook arbitrage is not what we see in the market. We

build on top of that with the introduction of capital requirements. After the financial

crisis, the amount of bank regulation increased and the requirements for capital ratios

increased. Capital requirement can be split into two; total regulatory capital to risk-

weighted assets and leverage ratio. We will here briefly describe each requirements and

discuss how we will use these requirements in the further analysis.

5.1 Risk Weighted Assets, RWA

Regulation on capital ratios seeks to ensure that banks do take on excess leverage with

the risk of becoming insolvent. The Risk Weighted Assets capital requirement gives each

asset class on the balance sheet different risk weights, meaning that it is the riskiness of

the balance sheet components and not the size of it that dictates the required capital a

bank needs to hold. The use of risk weights is to account differently for issuing debt to

buy assets with different risk characteristics. Issuing debt to put US Treasuries on the

asset side of the balance sheet is not as risky as issuing debt to buy subprime mortgage

loans and thus the regulatory impact varies with the riskiness of the assets and the extent

of debt financing.

The requirements comes in multiple steps. The minimum common equity (CET1) to

RWA is 4.5%, further, the total Tier 1 capital, meaning common equity plus additional

Tier 1 capital (CET1 + AT1), to RWA is 6% and lastly, the standard target ratio of

capital (Total Tier 1 and Tier 2) to RWA is 8%. From here on, there are different buffers

and additional requirements for certain banks. A capital conservation buffer of 2.5% and

a requirement for Global Systematically Important Financial Institutions (SIFIs) to have

additional CET1 ranging from 1% to 2.5% and possibly a further 1% could be applied.

The capital requirement is therefore somewhat individual for banks across jurisdictions

and of different sizes. [Khwaja, 2017] calculate that minimum CET1 ratios of 7% or

minimum total capital Ratios of 14% are possible for some firms. In further analyses, we

will assume banks target a RWA ratio of 12%. 10.5% coming from the standard require-

ment plus capital conservation buffer. 1.5% is then added as an additional SIFI/GSIB

requirement.

We will not go further into what decides the RWA requirement as it is not the purpose of

this thesis. Moreover, we will not in our example distinguish between the different buck-

ets of regulatory capital (CET1, AT1 and T2) and take a simplified approach where an
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increase in leverage requires some increase in regulatory capital, simply denoted equity.

5.2 Supplementary Leverage Ratio, SLR

In addition to the capital requirements with risk weighted assets, The Basel Accord also

describes the Leverage Ratio of 3%. The US implementation of this is called the Sup-

plementary Leverage Ratio, SLR. SLR is calculated as the Tier 1 capital over the sum

of a bank’s on-balance sheet assets and specific off-balance sheet assets, such as OTC

derivatives, cleared derivatives and repo transactions. The ratio must not be below 3%

[BIS, 2014a]. For U.S. Global Systemically Important Banks, G-SIBs there is the rela-

tively new Enhanced Supplementary Leverage Ratio, eSLR2, which is an additional buffer

requirement of 2% or 3%, bringing the SLR to 5% to 6% of total assets for US G-SIBs

and their Insured Depository Institutions (IDI) respectively [Ghenghi et al., 2014].

Notice that the SLR does not distinguish between riskier and safer assets. For that

reason, it has received some criticism, since if the SLR constraint is binding, a bank will

require the same ROE on providing balance sheet space for a treasury repo than say a

risky real estate loan. [Duffie, 2016] argue that this will withdraw liquidity from bond

markets, it may also be an explanation to non-zero basis trades in general.

5.3 Allocation of Capital

Running a bank efficiently requires the management to allocate the banks’ capital in-

ternally with strategic considerations. The different divisions in large banks may have

completely different business models and thus also a potential different need for the allo-

cation of equity capital. [Bajaj et al., 2018] has surveyed how UK banks allocate capital

internally and which regulatory capital metrics is used. The survey shows that banks

can vary from being a single measure like Risk Weighted Assets or a mix of measure-

ments such as risk based- and leverage-based requirements. Here, the important thing to

remember is that a bank will often present financial statements consolidated across divi-

sions and in terms of regulatory requirements, these are also on a consolidated basis. The

consolidation means that even though one division in isolation is bound by a constraint,

the bank as a whole may not be.

Take the example of a dealer facilitating trades for hedge funds. Considering the SLR

requirement of 6%, the dealer is more likely be bound by this constraint compared to

2 Going forward, I will simply refer to the leverage ratios as SLR
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the RWA requirement. This is due to the low profit margin on pure leverage. However

for the RWA, the repo intermediation is not imposed a large risk-weight because of over-

collateralisation due to the haircut. Therefore, the return on equity on the necessary

allocated capital under risk-weighted assets may be very high because little to no equity

is necessary for the trade. If the return on equity for the dealer in isolation is higher under

a RWA requirement or a mix between the two while still aligning with the requirements

for the consolidated bank, the may impose a capital requirement different from what in

isolation will be binding. The management may for example choose to weight the RWA

requirement at w and SLR requirement at (1−w). Then to calculate the necessary added

capital to this operation, we take w · TRRWA ·RWA+ (1− w) · TRSLR · leverage. This

gives the needed capital where TR denotes the target ratio for the requirement.

In this thesis, we will work with three general scenarios of capital requirement as a

way of accommodating the arguments stated above. These are a capital requirement,

where the weight, w, seen above is 1, 0.5 and 0 where the target ratio of RWA and SLR

is 12% and 6% respectively.

6 CCPs, Margin and more

Besides the actual regulatory requirements, there are also some additional important

concepts, we need to know to truly understand the mechanisms of the basis trade. This is

how derivative exposure is measured, how Central Clearing Counterparties work, margin

requirements for derivatives and lastly a discussion on the Volcker Rule, and how that

affects the thesis.

6.1 Measurement of Derivative Exposure

As mentioned above, off-balance sheet exposures, mainly through derivatives also count

as leverage in the SLR and the RWA requirement. As many derivatives have an NPV

being zero or close to zero at initiation, very little of the actual exposure is activated

on the balance sheet. This is tackled differently for the two requirements and we will

therefore go through them separately.

Under the SLR, the exposure measure for derivatives consists of two parts: the replace-

ment costs being the on-balance sheet part and then the off-balance sheet measure that

is done through what is called Potential Future Exposure, PFE. The replacement cost is

simply the market value of the contract.
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Similar to Value-at-Risk, VaR, PFE is the upper bound of future values of the derivatives

contract given some maturity and confidence interval. Under Basel III it is calculated

as the notional value of the derivative multiplied by some add-on factor, dependent on

maturity and asset class given in the Basel Accord. For (bought) single name CDSs, this

add-on factor is dependent on the underlying. If the underlying bond is issued by public

sector entities and multilateral development banks, the add-on factor is 5%. This also

applies if the bond is rated investment grade.3 For all other CDSs, the add-on factor is

10%. This means that the off-balance sheet exposure activated in the SLR is the notional

of the CDS multiplied by either 0.05 or 0.10. For single-name CDSs, the remaining ma-

turity does not impact the add-on factor.

With a lot of off-balance sheet exposure and offsetting positions, some netting of exposure

of allowed resulting in the adjusted PFE. This netting can only be done if positions are

with the same counter party and will be calculated as the sum of the net mark-to-market

replacement cost, if positive, plus an adjusted PFE.

The adjusted PFE for netted transactions is the weighted average of the gross PFE

and the gross PFE adjusted by the ratio of net current replacement cost to gross current

replacement cost. This follows the equation:

Adjusted PFE = (0.4 + 0.6 · Net-to-gross ratio) ·Gross PFE (13)

The Net-to-gross ratio is the level of net replacement cost over the level of gross re-

placement cost. The Gross PFE is the sum product of notional principal amount and

the appropriate add-on factor. Throughout the thesis, we will take the perspective of a

dealer marginally increasing the balance sheet and thus not consider the potential deriva-

tive exposures on the existing balance sheet. Netting and the Adjusted PFE will mostly

apply for a large balance sheet with multiple exposures in multiple types of derivatives.

With our more narrow view, netting will not apply much to the analyses.

Specific for credit derivatives, the Basel Accord differentiates between protection bought

and written contracts. Written CDSs are treated the same way as cash instruments, i.e.

the cash bond, when it comes to exposure measurements. This is with the argument

that a written CDS creates a potential future obligation to pay the loss on the bond

in default. Even with the premia received, such a large obligation requires capital to

3 Investment grade is e.g. rated Baa or higher by Moody’s and BBB or higher by Standard & Poor’s.

Page 22 of 68



Limits to Arbitrage due to Frictions and Regulation

withstand resulting in higher capital requirements.

However, to not overstate the exposure measurements for written CDSs, banks may

therefore choose to deduct the individual PFE add-on amount from the total exposure.

The remaining method for exposure measurement used for written CDSs is the ’effective

notional’ amount calculated through meticulous steps described in Appendix A that is

also used for exposure measurement under the RWA requirement. However, the exposure

amount may be further reduced by the effective notional amount of a purchased credit

derivative on the same reference name given that the purchased credit derivative refer-

ences a bond ranking pari passu with or is junior to the reference bond of the written

credit derivative and the remaining maturity of the credit protection purchased is equal

to or greater than the remaining maturity of the written credit derivative [BIS, 2014a].

To conclude, this means that when we have a dealer bank entering into two offsetting

CDSs - given the requirements above - only the initial margin and fair value of the CDS

will enter on the balance sheet and there will be no off-balance sheet exposure coming

from the written CDS. The purchased CDS will still have the initial margin and fair value

plus PFE as exposure for the leverage ratio.

The risk-weighted capital ratio also has a measurement of derivative exposure called

the Standardised Approach for Counterparty Credit Risk or SA-CCR [BIS, 2014b]. This

approach is somewhat complicated and too long to go through here but is explained in

detail in Appendix A. The variables going into the measurement is credit rating of the

bond, maturity, frequency of MtM and type of counterparty. Even though this approach

is very detailed, we can still calculate the Exposure at Default, EAD for each scenario we

will meet throughout the thesis that we can then multiply with the CDS notional to get

the exposure of holding a CDS. We have the maturity set to five years.

Bond rating AAA AA A BBB BB B CCC

EAD, CCP 0.4973% 0.4973% 0.5496% 0.7067% 1.3872% 2.0938% 7.8518
EAD, non-CCP 0.7033% 0.7033% 0.7773% 0.9994% 1.9617% 2.9611% 11.1041

Table 5: EAD given bond rating and counterparty

There is also a netting feature in this exposure measurement that will also apply to some

of our examples. If a dealer is long and short a CDS with the same reference entity and

identical time to maturity (and some other minor factors) the EAD of such a portfolio

will be exactly zero.
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6.2 CCP

As opposed to over-the-counter (OTC) trades, where two parties enter into a trade, cen-

trally cleared trades have a Central Clearing Counterparty (CCP) acting as a middleman

between each bilateral counterparty. Initially it may seem inefficient to add another party

into a trade but adding this helps to decrease systematic risk and counterparty credit

risk (CCR). After the financial crisis, regulators sought to make derivatives markets more

transparent and to reduce systemic risk. CCR for OTC trades can be very large as was

seen leading up to the crisis. Especially for CDSs where the risk of a sudden large pay-

ment from the CDS seller can occur in default. To avoid this, in a CDS trade, a CCP

becomes both the buyer for the seller and seller for the buyer after the parties have agreed

to trade - a process called novation. The CCP then demands variation margin over the

life of the trade dependent on the value of the CDS.

Having all trades cleared at one or a few clearing houses gives obvious advantages in

terms of multilateral netting. Many dealers can have obligations towards one another

and the CCP can then net these exposures and risks both for the individual dealer and

the market as a whole. A large degree of netting also reduces costs regarding variation

margin due to the lower total net exposure. Moreover in traditional OTC trades, each

dealer only knows his own positions thus not knowing the risk of the counterparty de-

faulting. The dealer can thus not align his margin requirement to combat the CCR.

With a CCP knowing all positions, margin requirements can be adjusted to match the

risk [Korsgaard, 2010]. In December 2017 up to 55% of outstanding CDS contracts were

cleared through a CCP and some of the outflow of inter-dealer positions has flown into

centrally cleared positions. Netting is made easier for with standardised coupons on CDSs

both for dealers wishing to hedge and for CCPs [Aldasoro and Ehlers, 2018].

6.3 Margin

Another important factor in the regulatory and therefore balance sheet part of CDS trad-

ing is margin. Margin is divided into initial margin paid when entering into the contract

and variation margin paid over the life of the contract as the fair value changes.

The counterparty in the trade can either be a bilateral counterparty or a CCP. In the

case of non-centrally cleared CDSs, the initial margin requirement is 2% of notional, if

the duration is between zero and two years, 5% with duration between two and five and

10% for durations above five years [BIS, 2015]. It is also an option to use a quantitative

portfolio margin model, where the margin must be sufficient to cover a one-tailed 99 per-
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cent confidence interval over a ten day horizon. Prior to the financial crisis, there were no

margin requirements in non-centrally cleared derivatives. If the counterparty of the CDS

trade is a CCP the seller must post 4% of notional in initial margin, and the CDS buyer

half of that; 2%. With a bilateral counterparty, the dealer receives the initial margin

from the counterparty while also paying initial margin increasing the balance sheet size

while with a CCP, the CCP handles initial margin and the dealer will not receive its

counterparty’s margin payment. The posted cash collateral also earns interest payment

both with CCPs and dealer banks as counterparties. Throughout this thesis, we will

assume posted cash collateral will pay the Overnight Indexed Swap rate (OIS).

There is some netting allowed in the regulatory treatment. Very similar to the netting of

PFE, we have the ’Net standardised initial margin’ to be:

Net standardised initial margin = (0.4 + 0.6 · Net-to-gross ratio) ·Gross initial margin

(14)

The definitions of the variables is exactly equal to that of the PFE [BIS, 2015]. In the

RWA framework, the posted collateral that enter as a receivable on the asset side of the

balance sheet, will receive the same risk weight as the collateral posted, meaning if the

posted collateral is cash, the risk weight will be zero [BIS, 2019c].

The variation margin is the margin that changes as the value of the derivative changes.

If the CDS has decreased in value, the CDS buyer must post margin to the counterparty.

With a bilateral counterparty, the variation margin exchanged must exactly match the

change in value of the derivative. This variation margin paid back and forward can ei-

ther be ’collateralised to market’ or ’settled to market’. Collateralised to market is the

traditional view of variation margin, where a margin account is also seen on the balance

sheet, as receivable or payable. The derivative can also be traded as settled to market.

This means that any changes to the value of the derivative is settled whereafter there is

no exposure between the counterparties of the trade. The derivative can only the settled

to market if margin is in the same currency as the derivative and the margin is paid on

a daily basis in the full amount to mitigate the exposure.

This does not make a difference for the CDS. The CDS is still the same, but in terms of

regulatory requirements there is a difference. If the CDS can be settled to market, the

mark to market (MtM)-exchange of cash can be seen as an expense or income, and a

’margin account’ does not show as a receivable or payable on the balance sheet as there

is no amount outstanding after paying or receiving the daily change in value. There-
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fore, the replacement cost of CDS is also zero. This is obviously the preferred way for

institutions to handle derivatives in terms of accounting. When this interpretation was

allowed, large capital savings were made by banks where for example Bank of America

and Morgan Stanley reduced their gross derivatives assets by a combined $186 billion in

2017 [Becker, 2017]. Settle to market is not only and option for certain OTC derivatives,

also CCPs are adopting to terms where settle to market is possible.

In terms of Potential Future Exposure, there is also a major difference. If the CDS

is settled to market, where the value is set to zero each day through cash exchange the

remaining maturity of the contract - when calculating PFE - is simply the time until

the next reset day, meaning a maximum of one day. Unlike interest rate swaps and

FX-derivatives, where the add-on factor for maturities below one year is 0.005 and 0.01

respectively, the add-on factor for credit derivatives does not decrease with maturity

[LLP, 2017]. This means that the settled to market guidance does not have any impact

on the PFE of CDSs.

6.4 Volcker Rule and Proprietary Trading by the Dealer Bank

In 2013 with the introduction of the Dodd-Frank Wall Street reform, proprietary trading

by banking entities was prohibited. This specific rule became known as the Volcker Rule

and it is important to mention since it prohibits a large part of the trading activities

banks were doing before 2013. After the latest revisiting in 2019 proprietary trading is

defined as ”engaging as principal for the trading account of the banking entity in any

purchase or sale of one or more financial instruments”. For this rule there are obviously

necessary exceptions trades related to market making, trading for regulatory purposes,

risk-mitigating hedging and more [Portilla et al., 2019].

However, in practice broker-dealers can still put on CDS trades for their own accounts

because it’s not clear where using a CDS to take a market position ends and using a CDS

to hedge other risks begins. [Boyarchenko et al., 2018a] investigates how dealer banks

change their exposure to credit risk through cash and synthetic securities. Although

simultaneous transactions in both cash market and CDS market are rare, they do see

the average institution having an 11 percent probability of transacting in both the CDS

and bond markets in the same entity in an average week. Taking into account that not

all CDS-bond basis pair will be traded and that they two securities may be traded at

different points in time we cannot rule out that banks still consider the pricing of credit

risk across securities in their trading. Therefore, it is still relevant to set up the basis
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trade, where the dealer bank acts as the arbitrageur. This is what we consider in our

first example4.

7 Mechanics of the Trade - With Dealer as Arbi-

trageur

So far, we have looked at the basis trade in a stylised, textbook arbitrage sense and with

different coupon-premium relationships to see that a negative basis trade can lose money

if default occurs in certain time periods. We still have not introduced any frictions into

the trading of the basis. We will now go through the mechanics of the basis trade and

see why the presence of frictions further complicates the arbitrage trade. It typically

involves both secured and unsecured funding. We will again take the perspective of a

dealer and see how such a trade affects balance sheet in a negative CDS-bond basis trade.

Hedge funds and other non-clearing members often seek to exploit these arbitrage op-

portunities like the CDS-bond basis through the use of broker dealers as intermediaries.

Below, we will go through our our first example, where the dealer acts as the arbitrageur

in a negative basis trade with a CCP as the CDS counterparty and later describe the

further complications when the dealer is facing another dealer as counterparty on the

CDS. As our second example we go through a negative basis trade where a hedge fund

acts a the arbitrageur. Here, the dealer bank will facilitate the trade meaning the hedge

fund has the dealer as counterparty in both the repo and CDS trade and we show how

this setup complicates the execution further.

7.1 Long Bond

If the basis is negative, we have that the reference bond is relatively more compensated

for the credit risk bearing and an arbitrageur will buy the bond in the bond market. The

purchase of the corporate bond will mainly be funded in the repo market against posting

the bond as collateral and paying the repo rate. The funding not obtained in the secured

funding market due to the haircut, we assume to be funded unsecured against paying the

OIS rate.

4 Note also that the Volcker Rule only applies to US banking entities. Banks located in other jurisdictions
might be able to put on the trade without being concerned about those trades being classified as
proprietary trades. This will also be without the SLR and only the Basel Leverage Ratio. In this
thesis, we will only consider US banks.
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Figure 3: Long bond trade

This trade will increase assets by the price paid for the bond, Pt. On the liabilities side,

securities sold under agreement to repurchase will increase by Pt(1− h), this is the part

of the bond funded by the repo, the unsecured funding will increase short-term debt by

Pt · h. The repo itself will not affect the RWA capital requirement, as it is not affecting

the Tier 1 Capital of the dealer. The reference bond however, as it enters on the asset

side, will have a risk weight dependent on its type, underlying issuer and rating. From

[BIS, 2019b], we have that the risk weights applied to claims on corporates are as seen

in the table below:

Credit Rating AAA to AA- A+ to A- BBB+ to BB- Below BB- Unrated

Risk Weight 20% 50% 100% 150% 100%
Required Equity 6% 6% 12% 18% 12%
Binding Constraint SLR SLR & RWA RWA RWA RWA

Table 6: Risk weights and required equity for corporate bonds

No matter the weight we put on either capital requirement, the dealer must hold some

equity to take on this trade. However, it is interesting to see that depending on the rating

on the bond, the capital requirements for the bond in isolation will bind in different orders.

For a AAA-rated bond, the SLR will be the deciding factor in required equity and 0.06

equity is needed for every dollar of bond purchased. For every other ratings the RWA

requirement will bind either at the same time or before the SLR will. As an example,

take a bond rated below BB−. In terms of SLR, 0.06 equity is needed as with all ratings

but under the RWA requirement, 1 · 150% · 12% = 0.18% equity is required. Notice that

even though repo transactions can be considered very safe if the collateral is e.g. US

Treasuries it still increases the leverage of the dealer very much, discouraging low-margin

activities due to the pure leverage requirement from the SLR.

7.2 Long CDS

The arbitrageur will go long the CDS, meaning buying insurance. Single name CDSs do

not have mandatory clearing requirements, but can be accepted for central clearing. The

initial margin requirement is 2%, 5% or 10% if the counterparty is a CCP dependent on
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the maturity of the CDS as seen in Section 6.3. Typically with swap contracts such as

interest rate swaps, the initial value of the future (net) cash flows is zero and thus does

not enter on the balance sheet. However, with fixed premium payments regardless of

the fair market premium, the CDS will enter as an asset (liability) if the present value

of future cash flows is positive (negative). This will in turn result in a corresponding

increase in payables (receivables). This is the present value of the difference between the

fixed premium and the market premium.

As CDS now trades with upfront payments, one could think this would increase funding

needs for the arbitrageur, since in the case of a positive upfront, cash must be paid from

the arbitrageur to the counterparty. This is not the case in practice though as the current

fair value of the CDS, positive or negative is fully collateralised. The collateral require-

ment will thus be equal to the upfront payment resulting in a net exchange between

the parties of zero. Take the case with a positive upfront and the CDS being settled to

market. The CDS buyer receives (or rather keeps) the collateral payment from the seller

against reducing the CDS value to zero. This is easier shown in the T-accounts below.

llllllllllllDealer Counterparty

Assets Liabilities Assets Liabilities
Cash D+E
Receivables Receivables Receivables Receivables

(a) t = −1

llllllllllllDealer Counterparty

Assets Liabilities Assets Liabilities
CDSllllllllll D+E Receivables CDS
Cash Payables

(b) t = 0

llllllllllllDealer Counterparty

Assets Liabilities Assets Liabilities
Cashlllllllll D+E Receivables Receivables
Receivables Receivables

(c) t = 1

Table 7: T-Accounts for a CDS trade with positive upfront

In the example above, we have a dealer with some cash equal to the upfront as assets and

debt and equity as liabilities at t = −1. The table is not considering initial margin. It is

simply to show the mechanics of the trade regarding the upfront. The CDS will replace
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the cash but simultaneously the dealer will demand full (cash) collateral to ensure the

counterparty can deliver the fair value of the CDS. This will in turn result in a corre-

sponding increase in the payables, all at t = 0. All four entries on the balance sheet are

thus of the same value. When the CDS is then settled to market, perhaps at the end of

the trading day, the dealer reduces the fair value of the CDS to zero and keeps the cash

collateral. As the fair CDS value is now zero, the payables are also reset to zero, and we

end up back in the starting position at t = 1. We can thus see that entering into a CDS

contract does not require any funding or eat up liquidity even with the upfront on the

CDS.

We will now look at the entire CDS trade including funding of the initial margin, the

exchange of premium and exchange of notional in default.

Figure 4: Long CDS trade

The initial margin borrowed in the unsecured funding market enters as a short-term debt

liability with a corresponding increase in receivables on the asset side. With central clear-

ing, the dealer will not receive initial margin from the counterparty, as it is kept at the

CCP.

The replacement cost of the CDS as seen in Table 7 is only on the balance sheet very

shortly. In addition to the on-balance assets, the dealer also calculates the PFE that

increase the off-balance sheet assets. Even with a CDS settled to market, the time to

maturity does not change the add-on factor. The PFE is thus the CDS notional times

0.05 or 0.10 for investment grade and high yield bonds respectively.

In terms of the SLR, the dealer recognizes the total adjusted PFE (Equation 13), current

replacement value of the position and the net standardised initial margin (Equation 14).

In our examples here, we will not use any netted margin or adjusted PFE as we take

a marginal perspective of the dealer and to assume a pre-existing book of PFEs would

be to over-complicate our example. Under the risk-weighted capital ratio, the dealer

recognises none of the initial margin as it is posted in cash that has a risk weight of zero.

Page 30 of 68



Limits to Arbitrage due to Frictions and Regulation

The off-balance sheet exposure is then the EAD that is dependent on the bond type and

counterparty. The exact numbers can be seen in Table 5. The balance sheet of the dealer

immediately after putting on the trade will then be like below:

Assets Liabilities

Bond Pt Repo financing Pt · (1− h)
Unsecured. funding Pt · h+N ·m

CDS with positive value max(u, 0) CDS with negative value max(−u, 0)
Receivables N ·m+ max(−u, 0) Payables max(u, 0)
Total Pt + u+N ·m Total Pt + u+N ·m

Table 8: Dealer’s balance sheet for a negative basis trade with CCP as counterparty

From this, it is clear that it is not simply the basis that dictates the profit of the basis

trade. Bond haircut, repo rate, CDS margin requirement and the OIS rate all affect how

profitable the trade is. Moreover, the dealer is subject to constraints that can be both

internal risk management, regulatory and a Return on Equity, ROE constraint from

shareholders. All this might disincentivise the dealer to do the trade and can be an

explanation to why the basis can be consistently negative. We will now look at what

makes up the profit equation of a standard negative basis trade.

7.3 Profit of the Trade

For our example with the dealer being the arbitrageur, we can, with such a trade initi-

ated, calculate the return and compare it, given equity, to a ROE requirement set by the

shareholders.

In our arbitrage argument in Section 3.2 with no frictions in the market, we had that the

profit for holding the basis was simply the basis, as that was the only element generating

a cash flow. In a world of frictions, where setting up the basis trade generates interest

outflows for the arbitrageur, we must subtract these from the profit. The profit is thus

the basis subtracting all running funding costs. We define the profit below as ρ:

ρ = −

CDSFair − PECS︸ ︷︷ ︸
basis

−
Pt ·

(
rOIS · h+ rrepo · (1− h)

)︸ ︷︷ ︸
funding costs

 (15)

The funding needed for the trade is the haircut, Pt · h from the bond repo. This is fi-

nanced in the unsecured funding market, where the dealer pays the unsecured interest

rate, rOIS. To finance the bond price less the haircut, P · (1 − h), the dealer pays the
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repo rate, rrepo. Note that the initial margin is not in the profit equation above. Recall

that posted cash collateral with the CCP pays the OIS rate. In the example with the

dealer being the arbitrageur, we assume the dealer bank can fund the initial margin by

paying the OIS flat. This means that the interest received on initial margin cancels out

with the funding of the initial margin.

The dealer being long the basis will then earn a profit of ρ given no credit event of

the reference entity. We can then easily define the break-even basis as the level of the

basis, where the profit is zero, meaning the basis equals the running funding costs:

break-even basis = −(rOIS · h+ rrepo · (P − h)) (16)

It is important to emphasize that using a carry measurement as if the dealer receives the

basis could give a wrong view of the actual carry. With a fixed CDS premium, actual

carry may be higher or lower than that of the fair premium profit measurement. As is

seen in Figure 2, the same basis can have very different (actual) carry and JtD profiles.

Carry is a measurement of performance if conditions do not change and sometimes a basis

trade can be positioned exactly for conditions to change, i.e. an early default. The profit

equation we use here, can thus not be a stand-alone measurement of future performance

for the basis trade as risk profiles of the trade can differ.

7.4 Required Regulatory Capital

When banks are measuring profits, they typically use the measure of Return to Equity

(ROE)5 [Pennacchi and Santos, 2021]. We can measure this return on equity for a given

capital requirement that will then dictate the necessary increase in regulatory capital,

RC. The initial positive or negative value of the CDS is not in our calculations for re-

quired regulatory capital as we consider it as settled to market and thus returned to a

fair value of zero. Further, we have the PFE and EAD of the CDS as the off-balance

sheet expansion.

The needed increase in regulatory capital differ in our three scenarios. From Section

5.3, we have the first scenario with full weight on the RWA requirement, second scenario

with a 50-50 split between RWA and SLR and lastly with full weight on the SLR require-

ment. To examine the different impacts on capital, we consider both an AA-rated bond

which is considered a high rating and a B-rated bond which is considered a poor rating.

5 We denote ROE as the return on regulatory capital
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These ratings are not uncommon for US corporate debt [Statista, 2019].

Written formally, the impact on RWA consists of the bond price times its risk weight

plus the CDS notional times its EAD. The initial margin on the CDS has a risk weight

of zero.

RWA impact = Pt ·RW +N · EAD (17)

The required regulatory capital the dealer then must hold for a 12% RWA-ratio is:

0.12 =
RC

Pt ·RW +N · EAD
↔ RC = 0.12 · (Pt ·RW +N · EAD) (18)

With the AA-rated bond as an example, we calculate the required capital under the

RWA-requirement where we assume the bond trades at par and a CDS notional of 100.

We take the bond’s risk weight from Table 6 and the EAD from Table 5:

RC = 0.12 · (100 · 0.2 + 100 · 0.4973) = 2.4597 (19)

The regulatory capital requirement is calculated more straight forward under the SLR

as the numerator below is simply the increase in asset from Table 8 plus the PFE. The

impact on the SLR and the necessary increase in regulatory capital is:

SLR =
RC

Pt +N · (m+ PFE)
↔ RC = SLR · (Pt +N · (m+ PFE) (20)

Plugging in numbers - again, assuming a par bond - for an AA-rated bond, we get:

RC = 0.06 · (100 · (1 + 0.02 + 0.05)) = 6.42 (21)

Unsurprisingly, the SLR will be the binding constraint before the RWA requirement as

the bond is a much larger asset than the CDS. As we saw in Table 6 we can expect this

to change if we take the example of a B-rated bond.

In Table 9 below, we will see the required increase in regulatory capital for all our com-

binations of bond-ratings and weightings of SLR and RWA for a par bond and a CDS

notional of 100 where the counterparty on the CDS is a CCP.
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AAA AA A BBB BB B CCC

100% RWA, 0% SLR 2.4597 2.4597 6.0660 12.0848 12.1665 18.2513 18.9422
50% RWA, 50% SLR 4.4398 4.4398 6.2430 9.2524 9.4432 12.4856 12.8311
0% RWA, 100% SLR 6.4200 6.4200 6.4200 6.4200 6.7200 6.7200 6.7200

Table 9: Required regulatory capital with CCP as counterparty in different scenarios

These results tell the same story as we saw in Table 6; that for safer bonds such as the

AA-rated bond in the example, the SLR will be the binding constraint before the RWA

and vice versa for riskier bonds. We are interested in the required capital for these trades

as they are important in our measurement of return on regulatory capital.

7.5 Return on Equity on a Basis Trade

With the profit and the required regulatory capital calculated above, we can calculate

the return on equity as the former over the latter.

For a general ROE-equation in terms of regulatory requirement, we write the weighted re-

quired regulatory capital under RWA and SLR in the denominator as discussed in Section

5.3:

ROE =
b− Pt ·

(
rOIS · h+ rrepo · (1− h)

)
w · TRRWA ·RWA+ (1− w) · TRSLR · leverage

=
b− Pt ·

(
rOIS · h+ rrepo · (1− h)

)
w · 0.12 · (Pt ·RW +N · EAD) + (1− w) · 0.06 · (Pt +N · (m+ PFE))

=
ρ

RC

(22)

Above, we have b = PECS −CDSFair to shorten the notation. Unsurprisingly, we have

that an increase in required regulatory capital will decrease the ROE. However, we can

not unambiguously say that a marginal increase in w affects the ROE in a certain direc-

tion as that depends on the rating of the bond as we also saw in Table 9.

The dealer most likely has a target ROE set out by the shareholders of the bank. In

this thesis we will work with a ROE target of 15% as our default. With a target ROE, we

build further on our frictions and restrictions surrounding the basis trade and with these

restrictions on the arbitrageur the basis must be even larger for the dealer to actually

trade it, creating a ’new’ even lower break-even level for the basis.
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From the theoretical result above, it would be natural to also consider a numerical exam-

ple to get a feeling for the magnitude of the different variables. We introduce an example

partly following from [Boyarchenko et al., 2018b]. This example will follow concurrently

with the theoretical part throughout the analyses. The example will also provide numer-

ical solutions that we can compare between bond ratings and other characteristics and

thus improve our understanding of the dynamics of the theoretical results. Please note

that the examples is nothing more than that and the numerical results should therefore

not be taken completely at face value. The variables in the example consists of a 5Y

negative basis trade and assumptions of a 5% haircut, 0.48% repo rate, OIS interest rate

of 0.5%, initial margin of 2%. The bond is trading at par with the same notional on

both the bond and CDS. We will consider different bond ratings resulting in different

risk weights, PFE and EAD. We will also consider different scenarios in terms of weight

on capital requirements.

Below, we have a AA-rated bond. The PFE is therefore 5% of notional. We set the

weight on the RWA requirement to 0.5. Plugging these numbers into Equation (22), we

get:

ROE =
b− (0.005 · 5 + 0.0048 · (100− 5))

0.5 · 0.12 · 100 · (0.2 + 0.004973) + (1− 0.5) · 0.06 · 100 · (1 + 0.02 + 0.05)

=
b− 0.4810

4.4398

(23)

To finish the example off, we can then see what level of the basis that would be needed

for the dealer to be able to live up to the return requirement from shareholders of 15%.

We thus isolate the negative basis, b:

0.15 =
b− 0.481

4.4398
↔ 0.15 · 4.4398 + 0.4810 = b = 1.1470% (24)

The result of 1.1470%, or 114.70 basis points the how negative the basis must be for

the dealer to earn a 15% return on equity given the numbers in the example. Had the

weighting on regulatory requirements been heavier on the SLR, the basis would have to

be even larger for the dealer to meet the return target as it is an AA-rated bond. This is

what we concluded in Table 6.

This concludes the most simple case of the basis trade with frictions and regulatory

and shareholder requirements. We now look at what happens when the arbitrageur face

another dealer as counterparty on the CDS leg.
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7.6 Dealer as Counterparty

As another case, we can look at the slightly different balance sheet impact, when a CCP

is not the counterparty on the CDS. In this case, we have different treatment of initial

margin on the balance sheet. In the case above, the CCP would keep the initial margin

from both parties and thus the initial margin from the CDS seller would not enter the

CDS buyer’s balance sheet and vice versa. As the exchanged initial margin cannot be

netted both the initial from seller to buyer and buyer to seller will enter on the balance

sheet [BIS, 2015].

Assets Liabilities

Bond Pt Repo financing Pt · (1− h)
Unsecured. funding Pt · h+N ·mb

CDS with positive value max(u, 0) CDS with negative value max(−u, 0)
Cash N ·ms

Receivables N ·mb + max(−u, 0) Payables max(u, 0) +N ·ms

Total Pt + u+N · 2m Total Pt + u+N · 2m

Table 10: Dealer’s balance sheet for a negative basis trade with another dealer as coun-
terparty

The balance sheet above is similar to Table 8 except the initial margin. We have the

margin of the CDS buyer, mb, to be the same as before, but with the introduction of the

intial margin of the seller, ms. As mb = ms at 2% of notional, we can write the total

balance sheet expansion at t = 0 to be Pt + u+N · 2m.

We still have that all cash margin posted pay the OIS rate. In this case, the arbi-

trageur will both be posting and receiving cash collateral. As mentioned, CCP margin

requirements are not identical for the seller and buyer of a CDS and the CDS seller would

have to put up 4% of notional. For OTC CDSs, margin requirement are 2% for both

buyer and seller, but the arbitrageur will still have to fund the margin it will post to the

counterparty. The arbitrageur will still pay the OIS rate on the unsecured funding and

then receive the OIS rate on that same unsecured loan that it posts as collateral. This

gives a net cash flow of zero but we now have that the counterparty that posts margin

with the arbitrageur also must pay the OIS rate. Thus, having a dealer as counterparty

creates a net outflow of the OIS rate times the initial margin, rOIS · N ·m. In terms of

the capital requirements, the two capital requirements, RWA and SLR, treat the increase

in the balance sheet differently. As the received margin is simply cash on the asset side

it will not increase the risk-weighted assets as cash has a risk weight of zero. This is even

though the increase in cash in will in turn result in a corresponding increase in payables
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- an obligation. As the SLR is only considering the true size of the balance sheet, the

cash collateral received enters fully in this requirement. Lastly, the posted cash margin

is once again treated with zero risk weight and the EAD we must be slightly changed to

reflect that the counterparty is now another dealer instead of a CCP. The margin period

of risk is thus 10 instead of 5 and the EAD will be 0.7033% for the AA-bond as seen in

Table 5.

We can slightly modify Equation 22 to include the changed margin situation and cal-

culate the return and required basis as before.

ROE =
b− Pt ·

(
rOIS · (h+m) + rrepo · (1− h)

)
w · 0.12 · (Pt ·RW +N · EAD) + (1− w) · 0.06 · (Pt +N · (2m+ PFE))

(25)

We insert the numbers from our example above:

ROE =
b− 100 · (0.005 · (0.05 + 0.02) + 0.0048 · (1− 0.05))

0.5 · 0.12 · 100 · (0.2 + 0.007033) + (1− 0.5) · 0.06 · 100 · (1 + 2 · 0.02 + 0.05)

=
b− 0.4910

4.5122
(26)

Comparing this equation to the similar one from before, we now have a higher funding

cost and a higher denominator. The dealer will thus need a larger basis for any given

return requirement and we can for a 15% ROE compare the basis that will fulfill this:

0.15 =
b− 0.4910

4.5122
↔ 0.15 · 4.5122 + 0.4910 = b = 1.1678% (27)

Thus, by changing the counterparty from a CCP to another dealer, the dealer needs the

basis to be 116.78−114.70 = 2.09bp higher for the dealer to meet the return requirement.

7.7 Implications of Results

This section has considered at what level the basis is even profitable considering the

frictions coming from funding the trade. That gave us our initial break-even basis in

Equation 16 to explain why a non-zero basis may not always be arbitraged to then return

to zero. We then introduced the regulatory requirements and a return requirement from

the dealer bank’s shareholders as further restrictions on the dealer. It proved that not

only does regulation play a large role in why the dealer will hesitate to trade the basis, but

how the bank weigh the regulatory requirement may be even more important. Besides
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that, the importance of the bond-rating tells us that equal bases across bond ratings may

not be treated equally by arbitrageurs as they can lead to different returns. This is shown

in Equation 22 that gives the calculation behind the ROE measure. With the numerical

example, we can also plot the required level of the basis for the dealer to trade it:

Figure 5: Required basis for dealer to meet 15% ROE with CCP as counterparty

The figure shows the basis that is required for the dealer to meet the return requirement

of 15% given different weights on the RWA requirement (0 is full weight on SLR, 1 is full

weight on RWA). We show this for the different bond ratings with the inputs from the

example from [Boyarchenko et al., 2018b]. The blue line for the AA-rated basis trade is

on top of the orange of the AAA-rated as they are identical. The dealer has a CCP as

counterparty in the CDS. We have all bonds to start at at 144.4bp under the SLR except

the BB-rated (or worse) bond at 148.9bp which is due to the PFE of 0.1. From there,

as the weight on RWA increases, we see that the required basis changed differently for

the different bonds resulting in large differences between high and poor-rated bonds. We

can also conclude from the comparison between trades where counterparty on the CDS

is either a CCP or non-CCP that the difference in the basis for the dealer to earn a high

enough return is not notable at 2.09bp in the numerical example.

We should thus expect the basis to be larger for trades referencing a poorly rated bond

than for higher rated bonds. This is conditional on banks using a mix of regulatory

requirements in their internal allocation of capital as argued by [Bajaj et al., 2018]. This
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compliments the key result from [Gârleanu and Pedersen, 2011] well. It argues that a

deviation from the Law of One Price can be explained by different margin requirements

on bonds, we obtain the same result but coming from a regulatory point of view.

8 Hedge Fund as Arbitrageur

We have now gone through the textbook arbitrage and what practical obstacles we can

meet when trying to set it up. Together with funding costs and regulatory constraints

we have proved that dealers executing the trade have a hard time meeting the return

requirements set by the shareholders.

Things get more complicated when a dealer has to facilitate a negative basis trade for a

client, e.g. a hedge fund. The hedge fund does not have the same direct market access

and network that a large dealer banks does and therefore needs the dealer bank to be the

counterparty to both the repo of the bond a on the CDS. In this setting, we thus have the

dealer supplying brokerage services to provide liquidity for the hedge fund’s purchases.

This is done through collateralised intermediation. We will go through how below.

8.1 Collateralised Bank Intermediation

Dealer banks have the important role of providing liquidity in markets and to facilitate

trades. This typically involves some form of collateralisation by securities or cash. Under-

standing the true mechanisms of these methods and their effect on bank balance sheets

and regulatory capital can prove difficult but is also important for understanding the

reasons for dealer banks’ behavior. We want to understand the restrictions under which

the dealer banks provide liquidity and see whether it can help us in understanding devia-

tions in the CDS-bond basis. We will go through three ways banks provide collateralised

financing: matched-book financing, internalisation and pledging of collateral received in

OTC derivatives trading. Although we will use the repo market to finance the bond in

the calculations later because of the its relative size in the market for bond financing

[Macchiavelli and Pettit, 2019], internalization is an important financing method used by

dealer banks and is important in the understanding of collateralised bank intermediation.

We will only go through bilateral repos even through both a tri-party and central clear-

ing setup is possible. In the US half of all repos are settled bilaterally and half is settled

tri-party via a clearing bank [Baklanova et al., 2016].

Page 39 of 68



Limits to Arbitrage due to Frictions and Regulation

8.1.1 Matched-Book Financing

Matched-book financing or matched-book repos refers to the dealer matching a need for

cash with a need for a security used as collateral by one party. This is done through

two simultaneous repos. On one side, we may have a hedge fund wanting to purchase

a bond. The hedge fund receive the funding less haircut for the trade and uses the

bond as collateral for the loan. Importantly, the hedge fund grants the dealer the right

to repledge this collateral to another client to source the cash. In the other repo, we

may have a mutual fund wanting to invest its excess cash in short term repos. The

bank will then receive the cash amount to transfer to the hedge fund against posting the

bond initially posted as collateral by the hedge fund to the mutual fund. This (re)use

of collateral initially posted by the hedge fund is called rehypothecation [Kirk et al., 2014].

This is essentially the bank market making in the repo market. The hedge fund and

mutual fund would most likely will not enter a repo without the dealer bank because of

its larger market access. For the dealer to make money off of this, we may see differ-

ent haircuts on the two trades resulting in a spread earned by the bank. Disregarding

different haircuts, we can illustrate the trade as below:

Figure 6: Matched Book Repo

The balance sheet movements and thus leverage is important to understand as it gives

way to the necessary regulatory capital of the bank and therefore what it must charge for

its services in order to satisfy its shareholders’ required return. The dealer has the choice

to charge a higher haircut on the reverse repo with the hedge fund than what the dealer

is charged by the mutual fund due to the dealer being more creditworthy than the hedge

fund and since the repo with the mutual fund is most likely a shorter maturity than the

one with the hedge fund. After executing this matched book, the dealer’s balance sheet

looks as below:

Assets Liabilities

Reverse repo w. HF Pt ·
(
1− hHF

)
Repo w. MF Pt ·

(
1− hMF

)
Cash Pt ·

(
hHF − hMF

)
Total Pt ·

(
1− hMF

)
Total Pt ·

(
1− hMF

)
Table 11: Dealer’s balance sheet after a matched book repo
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The balance sheet is very simple. We have the assets to consists of the reverse repo and

then cash made up by the difference in haircuts. Having different haircuts on the two

repos means that the matched-book repo, frees up cash for the dealer that can be used for

other purposes. This could be other intermediary purposes where the dealer would earn

a higher return than simply the receiving the risk-free rate. The hedge fund will finance

the haircut using its own equity. Instead of buying the bond outright using its equity,

it has used the repo market to increase its exposure per dollar of equity. With use of

the repo, the hedge fund has an exposure to the bond of Pt while ’using’ Pt ·hHF of equity.

The repo with the mutual fund (MF) enters as a liability, as the dealer is borrowing

cash. The bond will stay on the hedge fund’s balance sheet as it carries all significant

risks as well as returns. However, the legal rights over the bond is with the dealer bank,

as the hedge fund has granted these for the dealer bank to rehypothecate the collateral.

Notice that with the cash transferred from the mutual fund to the dealer, the reverse

repo does not change the size of the balance sheet for the dealer bank, it simply changes

the asset side from consisting of cash to consist of a loan, the reverse repo.

In the explanation above, we might get the impression that this intermediation is some-

what risk-free for the dealer. In terms of the bond, the dealer has no exposure to the bond

and movements in the bond price does not affect the dealer’s profit and loss. However, in

practice the dealer will not necessarily match the two repos exactly in terms counterparty

credit risk and maturity. This produces some risks for the dealer. The counterparty on

the repo (MF) is likely more creditworthy than the counterparty on the reverse repo

(HF). This introduces some credit risk that most likely will be countered by an increase

in the haircut for the hedge fund or the repo rate charged by the dealer. The maturity

mismatch introduces rollover risk. The cash borrow most likely has a shorter maturity

than the cash loan, therefore if short-term repo rates rise between rollovers, the dealer

may pay more in interest than is received. This is however a large part of the banking

business model and recent liquidity regulation also force banks to have the assets to com-

bat a scarce funding environment.

The required regulatory capital is easily calculated under the SLR as we have no derivative

exposure. The required capital is thus SLR · Pt ·
(
1− hMF

)
. For the RWA-requirement,

we have to know how to treat collateralised loans like a repo. For repos where the col-

lateral is a sovereign bond and several other technical requirements are met, the risk

weight on the repo will be zero. For other bonds, the reverse repo will receive the risk

weight of the collateral with a floor of 20% if the following two requirements are met: The
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collateral must be pledged for the life of the repo and it must be marked to market and

revalued with a minimum frequency of six months. We can reasonably assume these to

be met, and will thus treat the reverse repo similar to the bond in terms of risk weights

[BIS, 2019a]. The cash on the balance sheet has a risk weight of zero.

The return for the dealer bank on the repo intermediation is made up of the repo rate

paid on the repo with the mutual fund, the repo rate received on the reverse repo with

the hedge fund and the return on the excess cash. We assume identical repo rates on

both repos but different haircuts.

ρ = rrepo ·
(
Pt ·

((
1− hHF

)
−
(
1− hMF

)))
+ rexcess cash · Pt ·

(
hHF − hMF

)
= rrepo · Pt · (−∆h) + rexcess cash · Pt ·∆h

= Pt ·∆h ·
(
rexcess cash − rrepo

)
(28)

Here we have denoted the difference in haircuts as ∆h = hHF − hMF . We thus realise

that the return comes from the interest differential between the return on excess cash

and the repo rate.

We now both have the expansion of the balance sheet and the return of the interme-

diation. We can then lastly calculate the ROE of the matched book repo intermediation

to be:

ROE =
Pt ·∆h · (rexcess cash − rrepo)

w · 0.12 · (Pt ·RW · (1− hHF )) + (1− w) · 0.06 · (Pt · (1− hMF ))
(29)

8.1.2 Internalization

Another way for the bank to act as an intermediary is through internalization. As the

name suggest it does not rely on any external funding of the trades. A hedge fund may

want to go long a bond and seek funds from a dealer bank. With cash to fund the

trade, the hedge fund return collateral to the dealer bank. If the dealer bank has large

client portfolio it may be able to match opposite views on a security in what is known

as internalization. Firstly we have that both hedge funds have cash on their brokerage

account. This is the equity the hedge fund will use in the trade an can be seen as similar

to the haircut from the earlier example with matched-book repos. With the first hedge

fund (HF1) going long and thus placing the bond as collateral with the dealer, the dealer

can lend out the bond to a second hedge fund (HF2) who then sells it in the market
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to establish a short position. The cash from the sale is then placed as collateral with

the dealer. Done simultaneously, the two hedge funds have ’financed’ each other’s trade

and the dealer bank has merely been facilitating the trades without the need to attract

additional funding from an external marketplace. As a result, the dealer bank ends up

having no exposure to the security and earns interest on the leverage provided to HF1

and lending fees to HF2.

Figure 7: Internalization

This may seem very similar to matched-book repo financing, but internalization differs

mainly in the margin loan. Here, HF1 provides a part of the cash for the bond and borrows

the rest. The dealer then receives rehypotheticable collateral of 140% of the margin loan.

Following The Federal Reserve Board’s Regulation T, an investor can borrow up to 50%

of the price of the securities meaning for every unit bought in a security by HF1, the

dealer receives 0.5 · 1.4 = 0.7 units of rehypotheticable collateral. For short positions, the

margin must be maintained at 150% of market value of the position. The dealer lends out

the bond collateral received from HF1 to HF2 and returns the cash proceeds as collateral

plus an additional 50% of the security’s value [Kirk et al., 2014]. HF1 is now long the

bond and HF2 is short. The balance sheet of the dealer for a long exposure of Pt for HF1

is then:

Assets Liabilities

Cash Pt · (0.5 · 1.4 · 1.5− 0.5) Payables Pt · (0.5 · 1.4 · 1.5)
Receivables Pt · 0.5
Total Pt · 1.05 Total Pt · 1.05

Table 12: Dealer’s balance sheet after an internalization

In the balance sheet above, we assume HF1 uses the maximum credit of 50%. This gives

the receivables of half the price of the bond. The cash on the asset side comes from an

initial 0.5 on HF1’s brokerage account less 1 coming from the purchase of the bond and

then added the collateral posting from HF2 of 0.5 ·1.4 ·1.5. On the liabilities’ side we have

a payable of the collateral posted by HF2, Pt · 1.05. With the internalization finished,

the dealer has assets for more than the value of the bond due to the over-collateralised

positions from HF1 and HF2.
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As [Eren, 2015] argues, since internalization is preferred by dealer banks, they have an

incentive to specialize to certain trading strategies. This is with the argument that to

increase internalization of trades, dealer banks want clients that trade the same type of

securities to be able to rehypothecate collateral from long positions to lend out to short

positions. The risk the dealer is running is however that in the case of sudden market

movements, either the long or short trader will liquidate the position. The dealer may

not be able to deliver the security or cash and may have to seek in external markets at

a potentially higher cost.

The required regulatory capital under the SLR is once again straight forward to calculate

as the 0.06 times the increase in size of the balance sheet. For the RWA requirement, we

will once again assume the collateral meets the two requirements mentioned in Section

8.1.1 and we can therefore set the risk weight of the receivable to be that of the collateral

posted by HF1, meaning the bond it has purchased. As a large part of the balance sheet

increase consists of cash with a risk weight of zero, internalization does not transfer to

many risk weighted assets.

With internalization, the dealer bank earns interest on both legs of the intermediation.

Firstly on the Pt · 0.5 margin loan to HF1 and on the Pt · 0.7 short position of HF2.

Comparing this to the matched-book repos, we have that internalization is advantageous

for the dealer. Where the dealer would earn an interest margin times the difference in

haircuts from a balance sheet increase of Pt(1 − hMF ) under matched-book repos, the

dealer bank earns Pt ·(0.5·rmargin+0.7·rshort) for a balance sheet increase of Pt ·1.05 under

internalization. We calculate the return of the dealer facilitating the internalization to

be6:

ρ = Pt · (0.5 · rmargin + 0.7 · rshort) (30)

With both required regulatory capital and profit above, we can again calculate the ROE

for this intermediation:

ROE =
Pt · (0.5 · rmargin + 0.7 · rshort)

w · 0.12 · Pt ·RW · 0.5 + (1− w) · 0.06 · Pt · 1.05
(31)

8.1.3 Derivatives Intermediation

Lastly, we will have to cover how collateralised financing is used in derivatives intermedi-

ation by dealer banks and how their balance sheets are affected. In both matched-book

6 The margin rate paid by HF1 is assumed to be net of compensation for lending out securities and the
interest rate earned by the dealer, rshort is assumed to be net of the rebate rate, where rOIS > rrebate.
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repos and internalization, we had that the dealer would fund the initial trade by re-

hypothecating the collateral to obtain funding resulting in two off-setting trades. With

derivatives, there is not an initial large exchange of cash for securities but rather a margin

exchange and for CDSs, possibly an upfront exchange of cash. The exchange of margin

and daily mark-to-market settlement of the CDS have been explained in detail in Section

7.2. We now have to add, how the dealer funds the initial margin when intermediating

in CDSs to complete the picture.

We assume that both CDS trades are fully collateralised. For non-financial counter-

parties, derivatives are sometimes not fully collateralised but we will not go into that

case and thus assume that the two contracts are similar in terms. In Figure 8 below, we

can see the exchanges of cash from each party. We have the hedge fund buying protec-

tion from the dealer. The dealer then funds this by entering into an offsetting CDS with

another dealer. In this example we leave out the CCP. Recall when entering into to a

centrally cleared trade, the CCP will not pay initial margin, only the dealer will pay to

the CCP. In that case, the dealer cannot fund the initial margin it has to pay the hedge

fund from initial margin received on the offsetting CDS. Our example will thus be with

a dealer as counterparty on the funding/hedging leg.

[D’Errico et al., 2018] illustrates a flow of risk, where the credit risk from selling a CDS is

flowing across counterparties. Since some counterparty in the end must take on the credit

risk that is flowing through the system from dealer to dealer, e.g. another hedge fund,

the CDS intermediation is thus somewhat similar to internalization. Instead of another

counterparty taking the opposite CDS position, one could also argue that some financial

intermediary will hedge the short CDS by shorting the underlying bond and thus entering

into a positive basis trade. However, for a negative basis trade opportunity on the entity,

the positive basis trader will need to collect large fees and interest payments for this to

be profitable, we will therefore stick to the flow of risk approach described before. For

the initial dealer, the exchange of cash for the CDS is illustrated below:

Figure 8: Dealer Intermediation of CDS

As we can see above, all cash flows are completely hedged for the dealer. From Section

7.2, we are familiar with the mechanics of the long CDS trade but we now see it from
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the perspective of the facilitator of the trade. This perspective will also have a different

balance sheet, as the dealer has fully hedged and funded the initial margin.

Assets Liabilities

CDS with positive value max(ua, 0)+ CDS with negative value max(−ua, 0)+
max(−ub, 0) max(ub, 0)

Receivables N · 2m+max(−ua, 0)+ Payables N · 2m+max(ua, 0)+
max(ub, 0) max(−ub, 0)

Total ua + ub +N · 2m Total ua + ub +N · 2m

Table 13: Dealer’s balance sheet after intermediating CDS trade

In our example with the dealer being the arbitrageur, the dealer was long the CDS. With

the hedged CDS, the intermediary will have both a positive valued CDS and a negative

valued CDS as asset and liability and for the variation margin paid and received, the

dealer will also have a payable and receivable. The upfronts on the two CDSs will be

determined by the bid-ask spread. The dealer will then buy a CDS from another dealer

and pay an upfront of ub and sell a CDS to the hedge fund and receive an upfront of

ua. From Table 7, we know that when the value of the CDSs is settled-to-market, the

MtM will be paid on both CDSs and the fair value will return to zero. Notice that the

end-of-day settlement will be at the same quoted price for both CDSs as it is identical se-

curities. Therefore, since the dealer has bought at the bid-price and sold at the ask-price

when the CDSs settle-to-market the dealer will free up cash equal to the bid-ask spread,

∆u, which we assume will earn some rate similar to that of ∆h - a rate for excess cash7.

The settlement means that the balance go from Table 13 - which may seem somewhat

complicated - to just the bid-ask spread in cash and the initial margins. This is also what

we will use going forward. From then on with fully hedged CDSs, the dealer will then

receive and pay an equal amount of cash for a net cash flow of zero.

In terms of the off-balance sheet exposure, the CDS trades are with different counter-

parties and therefore no netting is allowed under the SLR. However, the written CDS is

fully offset by the bought CDS. Recall from Section 6.1 that offsetting a written CDS re-

moves the off-balance sheet exposure from the CDS as PFE add-on can also be deducted.

The only off-balance sheet exposure for the two CDSs is thus the long CDS. Here, we

still have the add-on of N ·0.05 for investment grade bond and N ·0.1 for high yield bonds.

The off-balance sheet exposure coming from the EAD is equal to zero as stated in Section

6.1. This is because the individual exposure from the two CDSs is identical except for

7 This will be elaborated later
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the sign. The sum of exposures on each entity will then sum to zero. There will thus

be no derivative exposure under the RWA requirement, making the calculations simpler.

Since the risk weight on cash is zero, the initial cash margin and freed-up cash from the

bid-ask spread. The derivatives intermediation thus results in zero risk weighted assets.

8.2 Complete Balance Sheet of Dealer

Having gone through how the dealer helps to provide liquidity to the hedge fund’s execu-

tion of both the bond and CDS, we can set up the collected balance sheet of the dealer

as well as the profit for facilitating the trade.

For the calculation going forward, we use repo as the financing choice on the bond.

We put together the balance sheet to get the following.

Assets Liabilities

Reverse repo w. HF Pt ·
(
1− hHF

)
Repo w. MF Pt ·

(
1− hMF

)
Cash Pt ·∆h+ ∆u Added Equity ∆u
Receivables N · 2m Payables N · 2m
Total Pt ·

(
1− hMF

)
+ ∆u+N · 2m Total Pt ·

(
1− hMF

)
+ ∆u+N · 2m

Table 14: Total balance sheet after first settle-to-market

The table above shows the dealer’s balance sheet after facilitating both the repo of the

corporate bond and the CDS. The balance sheet is after the first settle-to-market of the

CDSs which will typically be at the end of the first trading day. This way, we will not

have to deal with the many max operators from Table 13. The reverse repo and CDS

intermediation thus free-up ∆h + ∆u in cash that can earn a risk-free rate. The cash

freed-up by the bid-ask spread of CDSs gives an increase in equity. This is because

the bid-ask spread is essentially income earned from buying cheap and selling expensive.

There is no liability increase by this and therefore, ∆u must in turn result in an increase

in equity.

For the profits made by the dealer, we assume that the dealer charges a higher hair-

cut on the reverse repo to the hedge fund compared to the repo with the mutual fund.

A higher haircut on the reverse repo than the repo will free-up cash for the dealer. This

difference will also lead to a net cash out flow from the repos as we assume repo rates are

identical for both the hedge fund and the dealer. On the CDSs, the dealer earn a rate

for excess cash on the cash earned from the bid-ask spread.
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Considering the investment of the cash that is freed-up through the intermediation we

must make an assumption on the return. The cash from the bid-ask spread is not tied to

any future obligation concerning this trade and the difference in haircuts must be paid

back to the mutual fund when the repo matures. Besides just the balance sheet increase

from intermediating for the hedge fund, the dealer bank will most likely have other assets

generating cash flows and liabilities that require the bank to manage liquidity. Therefore,

we can argue that the return on the excess cash in reality is higher than the OIS rate.

This is with the reason that with a large balance sheet comes more diversified cash flow

and the dealer bank can therefore manage to bear some risk on its marginal investment

of the freed-up cash. Moreover, the excess cash can be used to fund other trade inter-

mediations or retire existing debt. With these arguments, we will later use a range of

returns on excess cash and see how it determines the haircut, the dealer will set on the

reverse repo with the hedge fund.

8.3 Required Regulatory Capital

For the denominator of the ROE-equation, we need to calculate the required regulatory

capital. Under intermediation of trades, we have different balance sheet impact as what

we saw when the dealer acted as arbitrageur. We now have that the bid-ask spread earned

in the CDS intermediation increases equity. Therefore, we need less additional regulatory

capital to fulfill the leverage requirement. The bid-ask spread will increase the ROE of

the dealer as it both generates more income and decreases the required regulatory capital.

We calculate the SLR of the trade where the unknown, RC, is the additional regulatory

capital needed to meet the SLR requirement.

SLR =
∆u+RC

Pt · (1− hMF ) + ∆u+N · (2m+ PFE)

↔ RC = SLR ·
(
Pt ·

(
1− hMF

)
+ ∆u+N · (2m+ PFE)

)
−∆u

(32)

For the RWA requirement, the required regulatory capital is easily calculated. From the

expansion in assets, the difference in haircuts, bid-ask spread and receivables all receive

a risk weight of zero as they are cash instruments8. The reverse repo will receive a risk

weight equal to the collateral posted by the hedge fund, i.e. the bond. Further, we have

no EAD from derivatives as the long and short CDS cancel out. We can thus calculate

8 The cash on the balance sheet receiving a zero risk weight may not be entirely correct as if we assume
the excess cash will not be used to fund risk-free investments it will receive a non-zero risk weight.
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the capital requirement under the RWA requirement to be:

RWA ratio =
∆u+RC

Pt ·RW · (1− hMF )

↔ RC = RWA ratio ·
(
Pt ·RW · (1− hMF )

)
−∆u

(33)

This gives a total regulatory capital requirement, given w. We plug in 0.12 and 0.06 for

the regulatory ratios and get:

RC = w · 0.12 · Pt ·RW ·
(
1− hMF

)
+ (1− w) · 0.06 ·

(
Pt ·

(
1− hMF

)
+ ∆u+N · (2m+ PFE)

)
−∆u

(34)

With the equation above, we can calculate the required regulatory capital for each sce-

nario similarly to Table 9. We assume par bond and CDS notional of 100:

Credit Rating AAA to AA- A+ to A- BBB+ to BB- Below BB-

100% RWA, 0% SLR 2.2789 5.6989 11.3989 17.0989
50% RWA, 50% SLR 4.2590 5.9690 8.8190 11.8190
0% RWA, 100% SLR 6.2390 6.2390 6.2390 6.5390

Table 15: Required regulatory capital for dealer intermediation

8.4 Return on Equity for Intermediation

With the required capital in place, we calculate the return from facilitating the trade as

described above. We use Equation 28 as the return from the repo intermediation and

add the return from the CDS intermediation:

ρ = Pt ·∆h ·
(
rexcess cash − rrepo

)
+ ∆u · rexcess cash (35)

The simplification of the repo return is due to the assumptions of equal repo rates and

different haircuts. With the required equity and the dealer’s return on the intermediation,

we can calculate the return on equity to be:

ROE =
Pt ·∆h ·

(
rexcess cash − rrepo

)
+ ∆u · rexcess cash

RC
(36)

In the equation above, the numerator, RC is Equation 34. As we have the haircut on

the reverse repo with the hedge fund to be the choice variable of the dealer bank, we

can isolate it to find the level that ensures the dealer a target ROE. We know that

∆h = hHF − hMF and we can use this to isolate for hHF . We shorten the notation and
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denote the denominator of the return equation RC (w,∆u).

ROE =
Pt ·

(
hHF ·

(
rexcess cash − rrepo

)
− hMF ·

(
rexcess cash − rrepo

))
+ ∆u · rexcess cash

RC (w,∆u)

↔ hMF =
ROE ·RC (w,∆u) + Pt · hMF ·

(
rexcess cash − rrepo

)
−∆u · rexcess cash

Pt · (rexcess cash − rrepo)
(37)

This expression of the haircut charged on the reverse repo with hedge fund is what the

dealer bank will solve and thus setting the haircut so that it will earn a ROE of 15% from

the intermediation9.

We can insert some numbers. We stick with the return on equity requirement of 15%,

the initial margin of 2% of CDS notional, a repo rate of 0.48%, a par trading bond and

CDS notional of 100. We set the haircut on the repo with the mutual fund to be 5%.

The PFE is 5% and the bond risk weight is 0.2, meaning a bond rated AA or higher. We

can then get the required regulatory capital from Table 15, we insert the numbers in the

haircut equation above and simplify a bit:

hMF =
0.6364− rexcess cash · (5−∆u)

100 · rexcess cash − 0.48
(38)

We can see that in the equation, the bid-ask spread enters as it is invested as cash and

in the function for regulatory capital. The effect of it is however very low. We will in

the calculations set the bid-ask spread to 10.71bp. This is the average bid-ask spread

reported by [Wojtowicz, 2014] and is reported post-crisis where other papers typically

consider bid-ask spread on CDSs just before the crisis years. With this minimal effect

compared to the haircut, we will not dwell more on this variable.

We now have two unknown variables; the haircut on the reverse repo and the excess

return on cash for the dealer bank. As argued above, the return on excess cash is likely

to be above the OIS rate as the bank can use the cash to e.g. fund other businesses or

retire debt. We will below show the haircut that will ensure a given return target for a

given return on excess cash. We take the example of a AA-rated bond, meaning a bond

risk weight of 20% and a PFE of 5% on the CDS. We will also consider the same three

9 Obviously a bank will seek to maximise profits. We assume all dealer banks have a return target of
15%, and that dealer banks compete for clients so that setting a haircut to target a ROE above 15%
would make the hedge fund choose another dealer bank to intermediate its trades.
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regulatory constraints a earlier, with 100% weight on the SLR, 50-50% weight on the

SLR and RWA requirement and 100% weight on the RWA requirement.

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 26% 9.5% 7.5% 6.7% 6.3%
10% 48% 14.0% 10.0% 8.5% 7.7%
15% 70% 18.6% 12.6% 10.2% 9.0%

(a) 100% RWA, 0% SLR

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 46% 13.5% 9.7% 8.3% 7.5%
10% 86% 21.9% 14.4% 11.5% 10.0%
15% 127% 30.4% 19.1% 14.8% 12.5%

(b) 50% RWA, 50% SLR

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 65% 17.4% 11.9% 9.8% 8.7%
10% 125% 29.8% 18.8% 14.6% 12.3%
15% 185% 42.1% 25.7% 19.4% 16.0%

(c) 0% RWA, 100% SLR

Table 16: Required haircut on AA-bond given ROE and rexcess cash

As we can see, some of these haircuts are very unrealistic and frankly impossible in the

worst cases with haircuts surpassing 100%. In this case, the capital required for the trade

will be less if the hedge fund simply bought the bond outright. Due to the risk weight

of the AA-bond, we also get very different haircuts in the three tables. The haircuts

for other possible risk weights can be seen in Appendix B. As expected, these show that

with a larger risk weight on the bond, the lowest haircut will change from being in the

sub-table with a higher weight on the RWA requirement to the sub-table with a higher

weight on the SLR.

With a range of haircuts for different scenarios, we can now move on the the agent

actually trading the basis; the hedge fund.
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8.5 Return for Hedge Fund on Basis Trade

In the first example, we had the dealer acting as the arbitrageur. The dealer has easier

and more direct access to the market which would argue for a lower required basis for the

dealer to trade it. However, an opposing force from the required regulatory capital would

argue for a higher basis. The hedge fund have no regulatory capital requirement and

their required capital is thus only dictated by their own risk appetite (and what banks

will lend to them) but since the dealer banks are setting the haircut, they lay part of the

regulatory burden on their clients. In the case of the CDS-Bond basis trade, the hedge

fund will need to invest its own equity in the haircut on the repo and the initial margin

on the CDS. The remaining exposure then comes from the leverage in the repo and the

embedded leverage in the CDS.

The return of the hedge fund is calculated similarly to the return of the dealer when

the dealer executes the trade for its own books. The hedge fund is price taker on the

repo meaning it must accept the haircut decided by the dealer bank under the return

requirement. The return is then calculated as the basis less the repo rate paid to the

dealer. As we have no central clearing on the CDS, the hedge fund will pay and receive

an equal rate on the initial margin and it therefore will not enter into the profit equa-

tion. The profit is then divided by the capital used for the trade. We then get the ROE

equation:

ROE =
b− Pt · rrepo · (1− hHF )

Pt · hHF +N ·m
(39)

In the ROE equation, we then use the haircut to be calculated through Equation 37 which

has further inputs from the return on excess cash and the regulatory capital for the dealer.

To calculate an example, we can use a haircut of 14.8% on an AA-rated bond. This

gives the dealer bank a return on regulatory capital of 15% with a return on excess cash

of 7%. This is using the 50-50% weight on each capital requirement. Inserting this into

the ROE equation of the hedge fund with a par trading bond and a repo rate of 0.48%

as previously, we get:

ROE =
b− 100 · 0.0048 · (1− 0.148)

100 · 0.148 + 100 · 0.02
=
basis− 0.4090

16.8
(40)

We can see that compared to the denominator in the ROE equation for when the dealer

is the arbitrageur - Equation 22 - the hedge fund has a much higher capital use for the

trade as we do not assume any unsecured funding of initial margin and haircut. Therefore

we also see a slightly lower funding cost in the numerator. If the hedge fund has a 10%
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ROE target, the basis must be 209bp for the hedge fund to want to trade it under the

same example as used throughout the thesis as seen below.

10% =
b− 0.4090

16.8
↔ 10% · 16.8 + 0.4090 = b = 208.896bp (41)

This result is obtained using the same numbers as inputs as the example with the dealer

acting as arbitrageur as is therefore directly comparable. That example (Equation 24)

gave a basis of 114.70bp and is thus much lower than what the hedge fund require to

trade it (for an assumed ROE of 10%). We will below sum up on the overall results in

the section with the hedge fund as the arbitrageur.

8.6 Implications of Results

This section has built further on the analysis and the results from Section 7. In this sec-

tion we have a hedge fund with a need of brokerage service from a dealer bank instead of

a dealer with direct market access. Firstly, a description of how the dealer bank provides

liquidity to clients was needed. With the knowledge of how a dealer’s balance sheet is

affected, we calculate the necessary haircut on the reverse repo the dealer will enter with

the hedge fund for the dealer to meet a ROE target for a given return on excess cash

from the intermediation and a given weight on either the SLR or RWA requirement.

In Equation 37, we have the haircut the dealer bank will set on the reverse repo with

the hedge fund with various inputs. We continue the ongoing numerical examples where

we assume the haircut of 5% is on the repo with the mutual fund and the repo rate is

identical on both repos. In both Table 16 and Appendix B, we report the haircuts for

different bond ratings. These haircuts vary from realistic to quite unrealistic, as with

haircuts above 100%, it would be cheaper for the hedge fund to buy the bond outright.

The haircuts differs from each other as expected. Bonds with lower risk weights have

lower haircuts when w, the weight on the RWA requirement, is high. This changes when

the risk weight on the bond surpasses 100%, here the haircut is lowest when w is also

low. When a dealer intermediates trades that increase the required regulatory capital,

the dealer will push that cost of balance sheet to the hedge fund through the haircut.

This is reflected in the level at which the hedge fund is willing to trade the basis.

Page 53 of 68



Limits to Arbitrage due to Frictions and Regulation

Figure 9: Required basis for hedge fund to meet 10% ROE

Disregarding somewhat the actual required value of the basis above, as some of the num-

bers do go quite high, we see the same result as in Figure 5 in the conclusion of the first

analysis. We see that for lower rated bonds, the basis must be higher for the hedge fund

to trade it because the balance sheet cost the dealer is facing is so high. This is however

not seen when w = 0 where the SLR solely dictates the required regulatory capital of the

dealer as all bonds have the same impact on regulatory capital. Compared to Figure 5,

we only have four graphs as the dealer face no regulatory capital cost for intermediating

the CDS and we thus only distinguish between the bond risk weights. In either case, we

do see that the basis must be much higher for the hedge fund to be willing to trade it

compared to when the dealer acted as arbitrageur.

We once again arrive at the same conclusion as [Gârleanu and Pedersen, 2011] that con-

cludes that lower rated bonds have higher haircuts which increases the ’equilibrium’-level

of the basis and thus the deviation from the Law of One Price. In two steps, we have

shown that the cost of balance sheet space for the dealer is borne by the hedge fund using

the intermediation services. This result is also similar to the results of [Du et al., 2018]

concerning the covered interest parity (CIP). It argues that the costs associated with

providing balance sheet space to e.g. hedge funds is to blame for a consistent non-zero

basis. In this thesis, we argue that the synthetic exposure - here to credit risk - from

derivatives is cheaper in terms of balance sheet costs than the cash exposure from the

bond. Therefore, we can see basis deviations where the cash instrument is compensated
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relatively more than the derivative causing the non-zero basis to not be unstable.

9 Limitations and Further Research

When researching a topic with many variables like different frictions, rates, regulation

and characteristics of agents, one must choose a certain area of focus and thus also what

not to consider. This thesis also faces limitations where variables have been consciously

left out to either simplify or keep the focus of the analyses on a certain area.

This thesis has sought to analyse how regulations and frictions affect the behavior of

banks and in the end how that affects the CDS-Bond basis. Bank regulation is immensely

complicated and with details that make is difficult to make generalising conclusions. None

the less, these analyses is more comprehensive with regulation than some academic papers

like [Boyarchenko et al., 2020] but may still be prone to certain errors within e.g. market

risk for RWA and netting. Errors can especially arise from the fact that we consider a

marginal increase in the balance sheet and thus not taking into consideration what may

be on there prior to the trade. This may leave out netting opportunities for derivatives or

internalisation opportunities for bonds. We also assume that the bank is constrained by

capital requirements. That may not be the case for the marginal trade as the bank can

be well above the capital requirements and thus have room to make trades not possible

otherwise.

Another uncertainty is how banks handle the regulatory requirements in practice. This

leads to the discussion and realisation that when considering a marginal increase of a

bank’s balance sheet it is very difficult to know what capital requirements is being used

to determine the appropriate amount of equity capital to allocate to this increase in liabili-

ties. Therefore, simply assuming a binding SLR constraint for low-margin activities might

be too narrow of an approach to explain the behavior of G-SIBs. [Bajaj et al., 2018] dis-

cusses a bank survey by Bank of England that introduces that some banks take a weighted

average approach to capital requirements when allocating capital within the divisions of

the bank. With many divisions in the bank having different business models it seems

fair to assume that certain divisions will not be hindered in earning a low ROE with low

risk if the bank as a whole has the capacity in terms of capital requirements. The bank

does not have to live up to capital requirements for each individual division, only collected.

The survey of internal capital allocation also includes G-SIBs similar to the US G-SIBs
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considered in this thesis. How banks allocate capital internally is definitely a missing

piece to understand the behavior of dealers providing liquidity to clients and further re-

search in this area would be interesting following the results of this thesis. When we

calculate required regulatory capital, we mainly consider three scenarios of weights. The

regulatory capital is always linear in the weight but to visualise the effects of changing

weights, we have considered all weights between zero and one in Figure 5 and 9.

This thesis has a clear focus on the capital requirement banks face and this is used

to explain non-zero bases, but other requirements such as the Liquidity Coverage Ra-

tio (LCR) and other liquidity-based requirements would also be of interest to research

further. Liquidity requirements have different run-off rates for different types of funding

similar to risk weight for different types of assets. This may affect the willingness for

dealer banks to increase liabilities when facilitating hedge fund trades leading to higher

costs for the hedge fund and thus potentially a non-zero basis not being profitable to

trade. Moreover, the effect of bond illiquidity and differences in liquidity across the

bond- and CDS market in pricing securities is not included despite a large literature on

the topic, (See e.g. [Trapp, 2009] and [Junge and Trolle, 2013]).

The assumption that the dealer is able to earn a return on excess cash larger than the OIS

rate is also central to the second analysis where the hedge fund acts as the arbitrageur.

Section 8.2 argues why it is reasonable to have such a variable in the dealer’s profit func-

tion. For this variable we make a simplifying assumption to assign no risk weight for the

cash on the balance sheet. If the freed-up cash stays as cash, this is correct but the if

the excess return is earned by holding assets with risk weights above zero - which can

safely be assumed as the return in above the risk-free OIS rate - the required regulatory

capital will be too low. Implementing a risk weight to the assets generating the return

will only lead to further complications in the dealer balance sheet as the cash may be

used to fund other intermediations activities and we are thus back to the limitations of

taking the marginal perspective.

In this thesis, the focus has primarily been on the CDS-Bond basis and one could easily

get lost and think that the bond and CDS market is always priced with the no-arbitrage

condition in mind. It is not only arbitrageurs that drive the prices of credit risk. The cash

market for corporate bonds and the synthetic market does not entirely have the same

investors and some investors may not even have the mandate to trade CDSs. Therefore

they must also be seen as somewhat different markets. This consideration is left out of

the analysis.
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For further research, it would be natural to extend the methodology to other fixed in-

come basis trades like the UST-Swap trade, the UST-Futures trade or the CIP. In those

trades, the price discrepancy across securities is primarily linked to interest rates instead

of credit risk as seen in the CDS-Bond basis. With potential default not being the main

concern of these trades, it is also easier to match cash flows over the life of the trade.

Figure 2 show how different coupons, premia and upfronts can give different cash flow

structures and different losses or gains with a sudden default. With little to no credit

risk, other basis trades avoid the concern of Jump-to-Default risk.

Having gone through much research on the CDS-Bond basis little attention is given

to cash flow structures throughout the life of the trade and how a sudden default can end

up losing money for the arbitrageur. For empirical research it would be interesting to un-

derstand if different cash flow structures on the same or very similar CDS-bond pairs are

priced differently. One could argue that an arbitrageur would want more compensation

if the basis trade would have high JtD-risk throughout the life of the trade or whether

volatility in the underlying would increase required return on a negative JtD-risk basis

trade although these potential drivers may not be significant compared to more direct

drivers.

Lastly, it would be desirable to continue the research by including an empirical anal-

ysis to test whether the equations for haircuts and required basis actually fit what we

can observe in the market. However, to apply the equations from the analysis on real

data may not be without complications. The results of the analysis all rely heavily on

the haircut on the bond repo but also on repo rates and the bank’s return on excess cash

from intermediation. This is not data that is easily available and is thus beyond what

could be expected for this thesis and would require much more that simply extracting

data from a financial database.

10 Conclusion

One of the classic credit market arbitrage strategies is the CDS-Bond Basis. The theory

states that if certain conditions are met, a risk free profit can be made on the difference

in the pricing of credit risk between a bond and a credit default swap written on the

same entity as the bond. This thesis tries to answer the question of why it is possible to

observe consistently non-zero bases. We start by introducing the basis with the textbook,
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frictionless arbitrage example and as the thesis moves along, we add more and more el-

ements to the basis. Through a detailed explanation of the basis, the market structure

and execution of the trade, we are able to establish a good understanding of how the

CDS-Bond Basis actually trades and what market frictions impact the profit of the ar-

bitrageur. Furthermore, we consider the regulation that the banking sector is subject to

with a focus on capital requirements. With these pieces, we are able to see that the real

world CDS-Bond Basis is much different from the theoretical arbitrage opportunity.

In the theoretical framework, we see that it is not trivial to establish whether a non-zero

basis is even present. We introduce the Z -spread and the Par Equivalent CDS Spread as

measurements of the basis. The Z -spread is the most widely used to determine the basis

but we explain why this is not the most correct measurement to compare the credit risk

priced in the bond to that of the CDS. We argue that the PECS is more comparable to

the CDS spread as it uses the risk-neutral survival probabilities implied by the bond to

price a CDS to then compare the spreads. However, the PECS is more demanding to

calculate as multiple CDSs with different maturities are needed.

We then set up a trade where a dealer bank acts as the arbitrageur. The dealer bank

has direct market access and is able to access secured and unsecured funding sources.

For the execution of the trade, we explain how the upfront on a collateralised CDS does

not have a funding cost. This fact is not considered in similar analyses in the CDS-Bond

Basis literature and as it affects the profit of the arbitrageur it is a valuable insight. We

calculate the required regulatory capital of the dealer and consider both the risk weighted

capital ratio and the Supplementary Leverage Ratio for both on and off-balance sheet

exposures. We consider these two capital requirements both to see how they affect the

return on equity differently but also as it shows that banks allocate capital internally by

weighting capital requirements. The analysis concludes that a non-zero basis is not an ar-

bitrage opportunity per definition as the arbitrageur has to take funding, regulation and

a return target from shareholders into consideration and may therefore be constrained

from arbitraging the basis.

In the second analysis, we have a setting where a hedge fund is the arbitrageur of the ba-

sis and in need of a financial intermediary to facilitate the trade. Through collateralised

intermediation, the dealer bank provides liquidity to the hedge fund to trade the basis.

As the dealer still has to live up to capital requirements and deliver a targeted return to

shareholders, we set up a two-staged calculation. Firstly, the dealer set the haircut to

ensure the ROE being in agreement with the shareholders’ target. Secondly, the hedge
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fund is a price taker on the repo with the dealer and can then calculate its ROE given the

haircut. We show that the dealer’s cost of balance sheet space is pushed onto the hedge

fund. We thus conclude that even though the hedge fund has no capital requirement the

ROE will be much lower than when the dealer acts as arbitrageur on the same basis.

Said differently, the hedge fund will not enter into the basis trade unless the basis is even

larger than what the dealer required it to be.

In both analyses, we see that for an arbitrageur to trade the basis, it must be larger

if the underlying bond has a poor rating compared to a good rating. This is conditioned

on the weight on the risk weighted capital requirement to be non-zero. This result is

supported by the existing literature that however, does not explicitly use regulation as

the argument.
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A Appendix 1: Standardised Approach for Counter-

party Credit Risk

To calculate the regulatory weight of derivatives contract for the RWA-requirement, the

Basel Accord has the Standardised Approach for measuring Counterparty Credit Risk

Exposures, or SA-CCR for short. This measure is an expression defined through a series

of other expressions and can therefore seem long and arduous but with full collateral and

daily settlements, we can disregards some steps. We will go through the steps as they

are for single name CDSs.

The exposure measurement that defines the risk weight of the notional of the deriva-

tive is called the Exposure at Default, EAD, and is defined as:

EAD = α · (RC + PFE) (42)

α is set to 1.4. RC is the replacement cost of the derivative and as we only have CDSs

that are settled-to-market and fully collateralised and initiation, we can set this to be

equal to zero. Even though Potential Future Exposure, PFE, is a familiar term, it is not

the same as under the leverage ratio. Under the SA-CCR, PFE is defines as:

PFE = multiplier · AddOnAgg. (43)

The multiplier is further defined as:

multiplier = min

{
1; 0.05 + (1− 0.05) · exp

(
V − C

2 · (1− 0.05) · AddOnAgg.

)}
(44)

V is the value of the derivative transactions in the netting set, and C is the haircut value

of net collateral held. The multiplier is made to adjust the add-on factor to the collater-

alisation of the derivative. With daily settlement of the CDS, the value of the derivative

will be zero with no collateral outstanding. The numerator will therefore be zero and the

multiplier will always be equal to 1 in our cases. We now have that EAD = 1.4·AddOnAgg.

Next up is the Supervisory Duration, SD. This takes the input of start date, Si and

end date, Ei and notional value. For a CDS, i, the Supervisory Duration is defined as:

SDi = notional · exp(−0.05 · Si)− exp(−0.05 · Ei)

0.05
(45)
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Since we only have spot-starting CDSs and take the example of a five-year CDS, the

values will be 0 and 5 respectively. The Supervisory Duration with a notional of 100 will

be 4.4240.

The time horizon of the CDS also plays a role. The so-called margin period of risk,

MPOR, is set to 10 for non-centrally cleared derivatives and 5 for centrally cleared deriva-

tives - even with daily margin agreements. The Maturity Factor, MFi is then defined

as:

MFi =
3

2
·

√
MPORi

252

1
(46)

Here, 252 represents the business days in a year.

We then define the Effective Notional for a reference entity, k, as:

Effective Notionalk =
∑
i∈k

δi · SDi ·MFi (47)

Here, δ is equal to 1 if the CDS is bought (long) and −1 is it is sold (short). As we will

shortly see, this gives us a full netting opportunity in the case where we have the dealer

intermediating CDSs, as the only difference in effective notional will be the sign due to

δ. The sum of effective notionals in the CDS portfolio will therefore be zero.

Finally, the AddOn is then the effective notional multiplied by a Supervisory Factor

that is dependent on the rating of the underlying bond:

AddOnk = SFk · Effective Notionalk (48)

The supervisory factors are seen in the table below:

Credit Rating Supervisory Factor

AAA 0.38%
AA 0.38%
A 0.42%
BBB 0.54%
BB 1.06%
B 1.60%
CCC 6.00%

Table 17: Supervisory Factors for Single-Name CDSs
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We do have one more step, where we sum for multiple entities while also correcting for

correlation between entities. We will skip this step as it is not applicable in our cases.

We now have all ingredients to calculate the exposure measure. We can take an ex-

ample of a long AAA-rated 5Y CDS with central clearing and a notional of 100 and write

the EAD as:

EAD = 1.4 ·
(

0.38% ·
(

1 ·
(

100 · exp(−0.05·0)−exp(−0.05·5)
0.05

)
· 3
2
·
√

5
252

1

))
= 0.4973% (49)

We can see that when the effective notional is zero, as is the case a portfolio of one long and

one short CDS with the same characteristics, the entire EAD will be zero [BIS, 2014b].
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B Appendix 2: Haircuts on Bonds

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 60% 16.3% 11.3% 9.4% 8.3%
10% 115% 27.6% 17.6% 13.7% 11.7%
15% 169% 38.9% 23.9% 18.1% 15.0%

(a) 100% RWA, 0% SLR

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 62% 16.8% 11.6% 9.6% 8.5%
10% 119% 28.7% 18.2% 14.2% 12.0%
15% 177% 40.5% 24.8% 18.7% 15.5%

(b) 50% RWA, 50% SLR

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 65% 17.4% 11.9% 9.8% 8.7%
10% 125% 29.8% 18.8% 14.6% 12.3%
15% 185% 42.1% 25.7% 19.4% 16.0%

(c) 0% RWA, 100% SLR

Table 18: Required haircut on A+ to A−-rated bonds given ROE and rexcess cash
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rexcess cash

ROE 1% 3% 5% 7% 9%
5% 115% 27.6% 17.6% 13.7% 11.7%
10% 224% 50.2% 30.2% 22.5% 18.4%
15% 334% 72.8% 42.8% 31.2% 25.1%

(a) 100% RWA, 0% SLR

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 90% 22.5% 14.8% 11.8% 10.2%
10% 175% 40.0% 24.5% 18.5% 15.3%
15% 259% 57.5% 34.3% 25.3% 20.5%

(b) 50% RWA, 50% SLR

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 65% 17.4% 11.9% 9.8% 8.7%
10% 125% 29.8% 18.8% 14.6% 12.3%
15% 185% 42.1% 25.7% 19.4% 16.0%

(c) 0% RWA, 100% SLR

Table 19: Required haircut on BBB+ to BB−-rated bonds given ROE and rexcess cash
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rexcess cash

ROE 1% 3% 5% 7% 9%
5% 169% 38.9% 23.9% 18.1% 15.0%
10% 334% 72.9% 42.8% 31.2% 25.1%
15% 498% 106.8% 61.7% 44.3% 35.1%

(a) 100% RWA, 0% SLR

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 119% 28.4% 18.1% 14.1% 11.9%
10% 232% 51.9% 31.1% 23.1% 18.9%
15% 346% 75.3% 44.2% 32.2% 25.8%

(b) 50% RWA, 50% SLR

rexcess cash

ROE 1% 3% 5% 7% 9%
5% 68% 18.0% 12.2% 10.0% 8.8%
10% 131% 30.9% 19.5% 15.0% 12.7%
15% 194% 43.9% 26.7% 20.0% 16.5%

(c) 0% RWA, 100% SLR

Table 20: Required haircut on BB− or lower rated bonds given ROE and rexcess cash
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