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Abstract The financial crisis since 2007 has highlighted the fragility of the banking system. To
address this deficiency, the Basel committee has agreed upon Basel III which consists of reinforcing
banks’ capital through new regulatory requirements. Raising additional funds by issuing common equity
would lead to a significant cost for banks. Facing the problem, regulators came up with the concept
of contingent capital. Contingent convertible (Coco) bonds have been the topic as both a solution to
the “too big to fail” problem and a measure by which financial institutions can save themselves. In
this paper we first give the introduction of Coco bonds, then present the design of Chinese Coco bonds
and pricing Coco bonds through an equity derivative approach as well as sensitivity analysis based
on B-S-M hypothesis. Considering that the stock return follows fat-tail distribution, this paper uses
Heston stochastic volatility model to price Coco bonds. Finally we give some proposals for developing

Coco bonds market in China.
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1 Introduction

The financial crisis since 2007 has highlighted the fragility of the banking system. To ad-
dress this deficiency, the Basel committee has agreed upon Basel III which consists of reinforcing
bank’s capital through new regulatory requirements. Raising additional funds by issuing com-
mon equity would lead to a significant cost for banks. To solve this problem, regulators are
considering whether capital may be raised in other forms which are less expensive, for example
through contingent capital such as contingent convertible (Coco) bonds. Coco bond is hybrid
capital bonds with dual characteristics of equity capital and debt instrument. Therefore, from
the perspective of supplying capital adequacy, Coco bonds are also known as contingent capital
bonds.

There are three main strands on Coco bonds. The first one aims to achieve an optimal capital
structure by choosing different parameters of debts[!]. The second one suggests a dual-trigger:
one is set by regulators and the other one set by the bank[®3l. With the increased interests

from regulators on banking prudential policy, countercyclical contingent capital (CCC) whose
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conversion is decided by a regulatory authority is becoming an important branch*®/. The third
strand focuses on valuation aspects of Coco bonds using different mathematical models[®.

Since the concept of Coco bonds is put forward not for a long time, the pricing model
for Coco bonds is rare. We can use the development history of convertible bonds pricing for
reference and derive the way of Coco bonds pricing. The publishing of the paper by Black and
Scholes!” marked the traditional imprecise option pricing theory was replaced by the new precise
option pricing theory. Later, on the basis of new option pricing model, the convertible bonds
pricing model was quickly developed. Ingersoll first used the Black-Scholes-Merton model to
price convertible bonds/®l. The techniques underlying the Black-Scholes-Merton Option model
were used to price convertible securities as contingent claims on the firm as a whole. Brennan
and Schwartz got the price of convertible bonds by means of finite difference method!®). Jan De
Spiegeleer provided an in-depth analysis of pricing and structuring of contingent convertibles
and applied two approaches to tackle the pricing and structuring of Coco bonds: the credit
derivatives approach and the equity derivatives approach!®.

In this paper, we will design the Coco bonds suitable for China and price Coco bonds
through an equity derivatives approach. The remaining of the paper is arranged as follows:
We first give the design of Chinese Coco bonds, such as the specification of trigger events
and conversion price in Section 2; then in Section 3 we give the pricing formulas for Coco
bonds using the equity derivatives and stochastic volatility approaches, respectively. In Section
4 we use a numerical example to demonstrate how to price a Chinese Coco bond using the
two approaches and then make the sensitivity analysis with respect to four impacting factors.

Section 5 concludes the paper.

2 Design of Chinese Coco bonds

So far there have been many discussions about the basic ideas of Coco bonds. Scholars have
put forward different design proposals and specific intentions, but the same goal is to use Coco

bonds to rebuild the bank capital structure.

2.1 Trigger event

The trigger event means the circumstances in which a bond will be converted into equities
or a write-down will occur. When structuring Coco bonds, the trigger conditions should sat-
isfy some important characteristics such as clarity, objectivity, transparency and publicity. In
general, four kinds of trigger event can be used: the accounting trigger, the market trigger, the
multi-variate trigger and the regulation trigger. Considering the complexity and differentiation
of banking institutions in China, and the prevention of systemic risk, we claim that double

triggers should be used.

2.2 Conversion price

A Coco bond investor is better off when the conversion price is low, which results in more
shares when conversion takes place, while the outstanding shareholders are worse off when the
conversion price is low. At the same time, low conversion price will lead to a higher dilution of
their initial equity investment, so the level of conversion price has an important impact on the

dynamic behavior of the Coco bond and its fair value. In practice three choices of conversion
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price are possible: price on trigger time, price on issue time and conversion price with a floor.

Comparing with the choice of trigger price and restrictions to a specific price, this paper
claims that conversion price on trigger time is more favorable for banks. When using price on
trigger time as conversion price, the lower price will dilute existing shareholders’ holdings. In
order to prevent the happening of trigger, bank shareholders have great incentive to raise new
capital to increase capital adequacy ratio. Using price on trigger time as conversion price can
also reduce the issue cost of Coco bonds. When giving Coco bond holder’s lower conversion

price, the required return will be decreased.

3 Coco bonds pricing models
3.1 Equity derivative approach

In equity derivatives approach, we price Coco bonds by finding a portfolio of equity deriva-
tive that replicate the cash flow of Coco bonds. If the replicating portfolio produces the same
cash flows as the Coco bonds, then the cost of the replicating portfolio must be the price of Coco
bonds. The payoff Cocor of a Coco bond in case of conversion resembles that of a knock-in
forward (KIF) with barrier priceS, -

NST, if min(St)t<T < Stm’g
Cocor = B

(1)

F, otherwise

where, N is the number of shares that Coco bonds holders get if converted, S is the stock price,
F is the face value of Coco bond, and 7T is the maturity of the Coco bond.
The cash flow can be rewritten as:

COCOT = F + (FST/OP - F)l{min(st)thSStrig} = F + N(ST - F/N)]‘{min(st)tSTSStrig}
= F 4+ N(S7 = Cp)l(min(S,) <7 <Serig}

where, C,, is the conversion price.

(2)

So we have,

Coco~CB+ KIF (3)

where, CB is the value of a regular bond, and KIF is the value of a knock-in forward.
A long position in KIF is equivalent to a long position in knock-in call (KIC) and a short
position in knock-in put (KIP), that is:

KIFp = KICr — KIPr 4)
where
KICy — St —Cp, if St > Cp, min (St )< < Strig,
0, otherwise.
KIPp — Cp — ST, 1fST < Cp, min(St)tST < St”'g,

0, otherwise.

We first compute KIC. Define

1, if Sp > Cp, min(Sy)i<r < Strig,

0, otherwise.
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From Back and Heston we know that the value of KIC at maturity is KICp = x(Sirig—Cp),
and the value at time ¢ is(10:11]:

KIC; = e 1T 98,PrY (z = 1) — e 7T D0, Pri(z = 1) (5)

where, ¢ is the dividend yield, r is the continuously compounded risk-free rate, V' is the dividend
accumulation factor, and R is the risk-free accumulation factor, that is V (t) = e?S(t), R(t) =
et

Let L denote the lower barrier for the down-and-in call and assume that it has not yet been

breached at the valuation date. Then we have

Pr¥(Sp < L) = N(dy), Prf(Sr < L)= N(dj) (6)

where, df = 2l LUEEIIT, gy = df — 0 /(T; —1).

~. 1 ri - 2 2 ﬂ 7t 7i
= 2Ol AR = oV

Therefore, the value of down-and-in call (KIC) at time ¢ is:
N(dy)
(7)

KIC, = S,e~9(Ti—t) (M

2(r—q+i0?)/0?
)

N(le) _ e—r(T—t)Op (St”'g

2(r—q—30?)/0®
i)

Similarly, the value of down-and-in put (KIP) at time ¢ is:
KIP, = Cpe "IN (—d}) — S;e 9 T=DN(—d?) (8)
As a result, the value of the Coco bond at time ¢ is:
Coco, =e " TDF 4+ N x (KIC, — KIP,) (9)

The above is the formula for a zero coupon Coco bond. When considering the coupon, each
coupon payment can be replicated by a short position in a binary down-and-in call with the
maturity corresponding to each of the coupon dates. Consequently, the price at time ¢ of a Coco
bond with coupons Coco; will be reduced by the sum of the values of all binary down-and-in
calls (BDIC).

Coco; = Cocoy — ZBDICQ (10)

The value of each binary down-and-in call is:

BDIC; = Coupon; x e "7 5 [N(=d’ 4+ o/T; — t) + (S/Strig)z(r_q_%ﬁ)N(cﬁ —o/T; —t)]
(11)
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In conclusion, the pricing formula for a Coco bond is:
Coco,
=e"T-OF + N x (KIC; — KIP;)

— > {Coupon; x e~ r(Ti=t) [N(—di + o/T; — t)—|—(S/Strig)2(’”*q*%UZ)N(cﬁ —oVT; — )]}
(12)

3.2 The Heston stochastic volatility approach

Black-Scholes-Merton’s model is widely employed as a useful approximation of Coco bonds’
price, because it is easy to calculate from the explicit closed-form formula. However, empirical
evidences suggest that the key assumption of constant volatility of the Black-Scholes-Merton
model is not reasonable. The distribution of stock prices tends to have fatter tails than the dis-
tribution of prices that geometric Brownian motion implies. That is, the Black-Scholes-Merton
model underestimates the risk of extreme events. In recent years the stochastic volatility model
is thought to be a better model than the Black-Scholes-Merton model, since stochastic volatil-
ity models are based on the assumptions that the volatility of stock price follows a stochastic

process. The most popular stochastic volatility model is the following Heston model(!!]

dSt = St(’l’ - q)dt + St\/V—tdBt,
dvy = k(T — vp)dt + /1o, dB,.

where, k is the mean reversion coefficient, ¥ is the long run mean reversion level, o, is the
volatility of volatility v, p is the correlation between the stock price and volatility.

From the Heston model the value of a Coco bond with coupon can be computed as follows:
Cocoy = EQY(e " VF + Cr)lprary + e " T (NSyig + Cr)lprery] (13)

where, 7 is the trigger time, T is the maturity of Coco bond, and C' is the value of the coupon,

C; and Cr are the accumulated coupons to the trigger time and maturity, respectively.

4 Numerical pricing for Chinese Coco bonds
4.1 Numerical pricing using the equity derivative approach
Assume that Minsheng Bank issued a Coco bond on February 1, 2012. Its items are shown

in the following Table 1.

Table 1 Details of Minsheng Coco bond

Company name China Minsheng Banking co, LTD

Issue date February 1, 2012

Issuance (billion) 4

Price (RMB) 100.00

Denomination 100.00

Duration 10

Trigger event 30-day moving average stock price < 2 and regulators (CBRC) announce that

the banking system is in systemic crisis

Conversion price  Price on trigger time
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On February 1, 2013, Minsheng Bank stock price was 11.23, risk free rate was 0.028 using
the return rate of one-year fixed-rate bonds, stock dividend rate was 0.05, and the volatility
was 0.23. Then from Equation (11) the price of the Coco bond is 73.74 Yuan.

According to the historical data of Minsheng Bank stock price, we can calculate the prices
for the Minsheng Coco bond for the period from February 1, 2012 to February 1, 2013 and

results are shown in Figure 1. For comparison, we also give the corresponding stock price

series.
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Figure 1 Prices of the stock and Coco bond of Minsheng Bank

4.2 Sensitivity analysis

In this subsection we make the sensitivity analysis for the Coco bond prices with respect to
some impacting factors. From Section 2 we know that a zero coupon Coco Bond is composed
of a regular bond and a knock-in forward. Since the price of the regular bond is not affected
by conversion price Cp, trigger price Si.¢, stock price S and the volatility of stock price o, the
price of zero coupon Coco bond is only affected by the knock-in forwards. Figures 2 to 5 give
the sensitivity analysis of the Coco bond prices as well as the credit spreads of the Coco bond
with respect to conversion price C), trigger price St.i4, stock price S and the volatility of stock

price, respectively.
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Figure 2 Sensitivity of Coco bond’s prices and credit spreads with respect to the

conversion price
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From Figure 2 we can see that as the conversion price goes up, if the Coco bonds are
converted to stocks, Coco bond holders will get less number of stocks, and therefore, the price

of Coco bond decreases and credit spread increases.

90

Figure 3 Sensitivity of Coco bond’s prices and credit spreads with respect to the

From Figure 3 we can see that if the trigger price is high, then it is more likely to receive
the forwards, but the forwards will have low price. Both of them two will make Coco bonds

price and credit spread change as shown above.
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Figure 4 Sensitivity of Coco bond’s prices and credit spreads with respect to the stock

From Figure 4 we can see that as the stock price rises, the probability of knocking-in declines,

so the prices of the KIF and Coco bond increase, and the credit spread decreases. This situation
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reflects that the bank is operating in a good condition.

While as the volatility increases, the probability of knock-in goes up, then the value of KIF
becomes more negative, and the value of Coco bond declines, just as shown in Figure 5.
The above sensitivity analysis shows that the pricing model of Coco bonds under the Black-

Scholes-Merton model is in accordance with economic sense.
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Figure 5 Sensitivity of Coco bond’s prices and credit spreads with respect to the

volatility

4.3 Numerical pricing using the stochastic volatility approach

Assume that the parameters in Heston model are o, = 0.44, Kk = 1.62, p = —0.76, v =
0.0529112) then we can calculate the price for a Coco bond with coupon from Equation (12).
Results are shown in Table 2, and for comparison, we also give the results calculated from the
B-S-M model.

Table 2 Coco bond’s price and credit spread
based on B-S-M and Heston models

B-S-M Heston model
Price 75.0528 72.4631
Credit spread 0.0039 0.0078

It can be seen from Table 2 that compared with the B-S-M model, stochastic volatility

model has lower price and higher credit spread.

5 Conclusion

In this paper we design a Coco bond suitable for China and then numerically price a Coco
bond using the equity derivatives approach and Heston stochastic volatility model respectively.

Applying Coco bonds in Chinese financial market needs to consider the actual situation of
China’s financial market. When choosing trigger conditions, we consider the complexity and
differentiation of banking institutions in China, and the prevention of systemic risk, so we claim
that dual trigger is a better choice. Chinese financial market is still underdeveloped compared
with developed financial markets, and information disclosure system remains to be imperfect,
so trigger event does not only depend on the market value. Otherwise it will meet great risk of
market manipulation.

Coco bond is still in its infancy, and faces many restrictive factors. But because of its effect
on enterprises during the crisis, the development prospect is still worth looking forward to. To

further promote the development of Coco bond market, the present international regulators
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need to establish better conversion framework, system environment and other aspects for Coco
bonds.
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