Merton’s Model (Basic)
We model the stock of the company as an option on the company’s underlying assets.  This will enable us to determine the value of the underlying assets, which in turn determines the value of the debt.  (Since the value of the underlying assets equals the value of equity plus the value of debt.)

We know:

S     Stock Price 

N     number of shares

E     Equity value = S * N.

σS   standard deviation of equity

X     Par value of outstanding zero-coupon debt.

T     Number of years until the zero-coupon debt matures.

r      Risk-free interest rate on a T-period zero-coupon T-Bond.

The Model:

S = BS(V,σV,X,r,T)

Note there are 2 unknowns in this equation.  To be able to solve the model we also need an expression for σV  the standard deviation of the underlying assets.

Corporate Finance suggests the following:
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Note that if the firm has no debt, then N(d1) is 1 and so is V/E.  As leverage increases, the stock gets riskier for a given risk of the assets.

(N(d1) is the delta of the call option (i.e., equity).

So we solve these 2 equations in 2 unknowns.  Once we know V and σV, we know all we need to describe the debt.

Risk-Neutral World

One of the more subtle issues with option pricing (and asset pricing in general) is the use of the equivalent risk-neutral world.  The idea here is that an option does not have the same risk characteristics as the underlying stock, so we don’t know how to value it (even though we could determine its expected value at expiration, we don’t know how to value that today, because we don’t know the right risk-adjustment to the discount factor.  This problem would go away if we lived in a risk-neutral world, since every asset in that world would have a value equal to its expected future value discounted at the risk-free rate.

So the appeal of finding an equivalent risk-neutral world is obvious.

But how do we identify the equiavlent world?  Under the Black-Scholes assumptions, the only source of risk is the stock.  By changing the stock’s expected return from the actual (risk-adjusted) world to the risk-free rate, we achieve the equivalence.  Note that the Stock price in this world is the same as in the actual world, since:
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(where I use the * superscript to refer to the risk-neutral world.)

Sub OneP()

Worksheets("path").Activate

    NYears = ActiveSheet.Cells(10, 2).Value

    deltat = ActiveSheet.Cells(11, 2).Value

    sigma = ActiveSheet.Cells(8, 2).Value

    S0 = ActiveSheet.Cells(9, 2).Value

    mu = ActiveSheet.Cells(7, 2).Value

Application.ScreenUpdating = True

    N = NYears * 365

    pd = deltat / 365

    md = mu * pd

    sd = sigma * Sqr(pd)

    ndraws = N / deltat

    ReDim s(0 To ndraws) As Double

    s(0) = S0

'*     This is a loop that has the variable (counter) Index go from 1 to ndraws

    For Index = 1 To ndraws

start:

       Static rand1, rand2, s1, s2, z

        rand1 = 2 * Rnd - 1

        rand2 = 2 * Rnd - 1

        s1 = rand1 ^ 2 + rand2 ^ 2

        If s1 > 1 Then GoTo start

        s2 = Sqr(-2 * Log(s1) / s1)

        z = rand1 * s2

        s(Index) = s(Index - 1) * Exp((mu - 0.5 * sigma ^ 2) * pd + z * sd)

    Next Index

'*      This is the end of the loop

    For Index = 0 To ndraws

        ActiveSheet.Cells(Index + 13, 1).Value = Index

        ActiveSheet.Cells(Index + 13, 2).Value = s(Index)

    Next Index

 End Sub

Sub ManyP()

Worksheets("Many Paths").Activate

    NYears = ActiveSheet.Cells(8, 2).Value

    deltat = ActiveSheet.Cells(9, 2).Value

    sigma = ActiveSheet.Cells(7, 2).Value

    S0 = ActiveSheet.Cells(5, 2).Value

    mu = ActiveSheet.Cells(6, 2).Value

Application.ScreenUpdating = True

    Nsims = 50000

    N = NYears * 365

    pd = deltat / 365

    md = mu * pd

    sd = sigma * Sqr(pd)

    ndraws = N / deltat

    ReDim s(0 To ndraws) As Double

    s(0) = S0

    For nsim = 1 To Nsims

    For Index = 1 To ndraws

start:

       Static rand1, rand2, s1, s2, z

        rand1 = 2 * Rnd - 1

        rand2 = 2 * Rnd - 1

        s1 = rand1 ^ 2 + rand2 ^ 2

        If s1 > 1 Then GoTo start

        s2 = Sqr(-2 * Log(s1) / s1)

        z = rand1 * s2

        s(Index) = s(Index - 1) * Exp((mu - 0.5 * sigma ^ 2) * pd + z * sd)

    Next Index

    ActiveSheet.Cells(nsim + 12, 1).Value = nsim

    ActiveSheet.Cells(nsim + 12, 2).Value = s(ndraws)

    Next nsim

 End Sub

Sub ManyPforop()

Worksheets("Option").Activate

    NYears = ActiveSheet.Cells(8, 2).Value

    deltat = ActiveSheet.Cells(9, 2).Value  '** In days

    sigma = ActiveSheet.Cells(7, 2).Value

    S0 = ActiveSheet.Cells(5, 2).Value

    mu = ActiveSheet.Cells(6, 2).Value  '** For option pricing mu is the risk-free rate.

    X = ActiveSheet.Cells(10, 2).Value

Application.ScreenUpdating = True

    Nsims = 50000

    N = NYears * 365

    pd = deltat / 365   '**Converts delta-t to yearly basis

    md = mu * pd

    sd = sigma * Sqr(pd)

    ndraws = N / deltat

    ReDim s(0 To ndraws) As Double, C(0 To Nsims) As Double

    s(0) = S0

    For nsim = 1 To Nsims

    For Index = 1 To ndraws

start:

       Static rand1, rand2, s1, s2, z

        rand1 = 2 * Rnd - 1

        rand2 = 2 * Rnd - 1

        s1 = rand1 ^ 2 + rand2 ^ 2

        If s1 > 1 Then GoTo start

        s2 = Sqr(-2 * Log(s1) / s1)

        z = rand1 * s2   '**This is a random normal draw

        s(Index) = s(Index - 1) * Exp((mu - 0.5 * sigma ^ 2) * pd + z * sd)

    Next Index

        C(nsim) = WorksheetFunction.Max(s(ndraws) - X, 0) * Exp(-mu * NYears)

    '*** This is the value of the option today from this particular path.

        ActiveSheet.Cells(nsim + 12, 1).Value = nsim

        ActiveSheet.Cells(nsim + 12, 2).Value = C(nsim)

    Next nsim

 End Sub

Function BlackScholes(Stock_Price, Strike_Price, Rate, Volatility, Time)

    s = Stock_Price

    X = Strike_Price

    r = Rate

    v = Volatility

    T = Time

    t1 = Log(s / X) + (r + v ^ 2 / 2) * T

    t2 = v * Sqr(T)

    d1 = t1 / t2

    t3 = Log(s / X) + (r - v ^ 2 / 2) * T

    d2 = t3 / t2

    ta = s * WorksheetFunction.NormSDist(d1)

    tb = X * Exp(-r * T) * WorksheetFunction.NormSDist(d2)

    BlackScholes = ta - tb

    ActiveWorkbook.Save

    End Function
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