Case Study     Municipal Bond Underwriting

The municipal bond market is tough and aggressive, which means that a successful underwriter must be on the cutting edge in terms of competitive bidding.  Bond markets often change from hour to hour.  An active underwriter may bid on several issues each day with as little as 15 to 20 minutes to prepare a bid.  This case has two objectives: (1) to familiarise you with some of the mechanics of an important financial market: and (2) to develop an integer programming (IP) model with real-world importance.  A variant of this model is actually used by several banks and investment bankers.  In practice, bids are routinely prepared for models involving as many as 100 maturities and 35 coupon rates.

Basic Scenario

Each year billions of dollars of tax-exempt debt securities are offered for sale to the public.  This is usually done through an underwriter acting as a broker between the issuer of the security and the public.  The issuing of the securities to the underwriter is usually done through a competitive bid process.  The issuer will notify prospective underwriters in advance of the proposed sale and invite bids that meet constraints set forth by the issuer.  In constructing a proposed sale, the issuer divides the total amount to be raised (say $10,000) into bonds of various maturities.  For example, to raise $10,000, the issuer might offer a one-year bond with face value of $2000, a two-year bond with face value of $3000, and a three-year bond with face value of $5000. At maturity, the face value of these bonds would be paid to the buyer.  Thus in this example, the issuers would pay the buyers $2000 in principal at the end of year 1, and so on.  A bid by an underwriter (to the issuer) has three components:

1. An agreement to pay the issuer the face value of all the bonds at the issue date ($10,000 in our example).

2. A premium paid to the issuer at the issue date (more on this later).

3. An annual interest rate for each of the bonds cited in the proposal. These rates are called the coupon rates and determine the amount of interest the issuer must pay the buyers each year.  Suppose that the underwriter proposed the following coupon rates for our example:

	MATURITY DATE
	RATE (%)

	1 Year
	3

	2 years
	4

	3 years
	5


The interest to be paid by the issuer would then be calculated as follows:

	Year 1 = 2000(.03) + 3000(.04) + 5000(.05) = 430

	Year 2                        3000(.04) + 5000(.05) = 370

	Year 3                                            5000(.05) = 250


Historically, the net interest cost (NIC) is the criterion most often employed by the issuer in evaluating bids.  The NIC is the sum of interest payments over all years for all maturities minus any premium offered by the underwriter.  The winning bid is the one with the minimum NIC.  The time value of money is ignored in calculating the NIC.  Even though the bid with the lowest NIC may not be best for the issuer when present values are considered, this is immaterial to the underwriter since the bid is evaluated according to the NIC.

The profit of the underwriter is the difference between what the buyer pays him and what he (the underwriter) pays the issuer.  That is,


Profit = (total selling price to public) - (total face value + premium)

Thus, in preparing a bid the underwriter must

1. Determine the coupon (interest) amounts the issuer will pay on each maturity, and

2. For each maturity, estimate the selling price (i.e., the underwriter’s selling price to the public) for bonds of each coupon rate.  (The selling price for bonds need not be the same as the face value of the bond.)

The underwriter has two conflicting objectives.  Higher coupon rates imply the bonds have a higher selling price to the public and hence direct more money to the underwriter, which can be used both as premium and profit.  Thus the coupon rates must be set large enough so that if the bid is accepted the underwriter makes a responsible profit.  But higher coupon rates affect the interest the issuer will have to pay (higher coupon rates imply more interest) as well as the premium that the underwriter can offer the issuer.  This trade-off between premium and interest may imply that lower coupon rates will decrease the cost to the issuer and hence increase the chances of winning the bid.

The approach we take to incorporate the underwriter’s profit as a constraint and then minimise NIC (the cost to the issuer) in order to maximise the chances of winning the bid.

Data for a Specific Scenario

The city of Dogpatch is going to issue municipal bonds in order to raise revenue for civic improvements.  Sealed bids will be received until 5:00 PM on February 7, 1998, for $5,000,000 in bonds dated March 1, 1998. The bid represents an offer from the underwriter to (1) pay $5,000,000 to Dogpatch, (2) pay an additional (specified) premium to Dogpatch, and (3) include an interest schedule that Dogpatch will pay to bondholders. The interest is payable on March 1, 1999, and annually thereafter.  The bonds become due (i.e., Dogpatch must pay off the face value, without option for prior payment) on March 1 in each of the maturity years in Table 1 (page 5) and in the amounts indicated.  That is, Table 1 indicates Dogpatch’s obligation (in terms of principal) to the bondholders.

The bonds will be awarded to the bidder on the basis of the minimum NIC.  No bid will be considered with an interest rate greater than 5% or less than 3% per annum.  Bidders must specify interest rates in multiples of one quarter of one percent per annum. The same rate must apply to all bonds of the same maturity.

Estimating selling prices of various maturities as a function of coupon rates is a complicated process depending upon available markets and various parameters.  For the sake of this assignment, take the data in Table 2 as given.  Note that the underwriter may sell bonds to the public at more or less than the face value.

Example (A Sample Bid)

Assume an underwriter establishes the coupon rates for each maturity as in Table 3.  Given these coupon rates, the bonds would be sold to the public (according to the  estimates in Table 2) for $5,050,000.  Assume the underwriter’s profit requirement (or spread) is $8 per $1000 of face value of bonds.  For a $5,000,000 issue, this will be $40,000.  Thus the premium paid to Dogpatch by the underwriter for this bid is

	premium
	= $5,050,000 - $5,000,000 - $40,000

	
	= $10,000


Assignment Questions

1. Calculate Dogpatch’s Net Interest Cost (NIC) for the example data on page 5.

2. Suppose, as in Table 2, the underwriter has a choice between selling a 2000 bond at 4 ¼% for $255,000 or a 2000 bond at 4 ½% for $256,000.  Just in terms of minimising NIC (ignoring other possible constraints), which would the underwriter prefer to offer?  Assume that the underwriter’s profit is the same in both cases.

3. In Table 2, consider the 2000 maturity at 5%.  Suppose that you as an investor can with certainty receive 5% interest on money invested on March 1, 1999.  What compounded yearly rate of interest would you be receiving if you pay $258,000 for the 2000 bond and use the above investment opportunity with your first receipt of interest?

4. Formulate the algebraic (or symbolic) model for this constrained optimisation problem to solve the underwriter’s problem.   This formulation should minimise the NIC of the underwriter’s bid subject to the underwriter receiving an $8 margin per $1000 of face amount and the other constraints given.  Be very clear and concise in defining any notation you use, and indicate the purpose of each constraint in your formulation. 

(Hint: one approach is to use 6x9 binary variables in the formulation).

5. Develop a spreadsheet model for the constrained optimisation problem formulated in question 4.  (You should make sure that the layout is easy to understand and explain its main features in your report on the assignment).  Use the example data from Table 3 as an initial solution, then optimise using Solver. Explain the main features of your optimal solution

6. The issuer has decided that not more than three different interest rates should be used for the bonds (where if one rate is repeated for different maturity bonds it is not considered a different rate). Adapt your spreadsheet model from question 5, possibly by including additional decision variables, then optimise using Solver.  Outline the main features of this optimum solution.  

7. Bid requests often include additional constraints.  Assume that one such additional restriction is that coupon rates must be non-decreasing with maturity.  Add the necessary constraint(s) to enforce this condition to your spreadsheet model from question 6 and get the new optimum solution with Solver.

8. Refer to your formulation in Question 4.  If the bonds (regardless of maturity and coupon value) could never be sold in excess of face value, will your formulation have a feasible solution?  Why or why not?

Advice:

Use no IF(), ABS(), MAX(), MIN() or other non-linear functions within the cells of your LP model formulation. Such functions are acceptable elsewhere in the spreadsheet, but only if their evaluation cannot affect the objective function cell’s calculation directly or indirectly during the Solver’s optimisation process in which alternative decision values are tested.

One danger of mis-formulating a rather large integer programming model, and then attempting to optimise it, is that you may waste a great deal of computer time (this of course could be true of any large model).  Your solution to Questions 5, 6 and 7  above, using a correctly formulated model, should take no more than a few minutes on a Pentium-level PC.

	TABLE 1 Bond Face Amounts


	YEAR (MATURITY)
	AMOUNT ($000s)

	
	

	2000
	250

	2001
	425

	2002
	1025

	2003
	1050

	2004
	1100

	2005
	1150

	
	


	TABLE 2 Estimating Selling Price ($000s)


	FACE VALUE
	250
	425
	1025
	1050
	1100
	1150

	CouponRate%
	2000
	2001
	2002
	2003
	2004
	2005

	3
	245
	418
	1015
	1040
	1080
	1130

	3¼
	248
	422
	1016
	1042
	1084
	1135

	3½
	250
	423
	1017
	1044
	1085
	1140

	3¾
	251
	424
	1025
	1046
	1090
	1150

	4
	253
	430
	1029
	1050
	1095
	1155

	4¼
	255
	435
	1035
	1055
	1096
	1160

	4½
	256
	437
	1037
	1060
	1105
	1165

	4¾
	257
	440
	1038
	1062
	1110
	1170

	5
	258
	441
	1040
	1065
	1115
	1175

	
	
	
	
	
	
	


	TABLE 3 Example Coupon Rates


	MATURITY
	COUPON RATE (%)
	TOTAL INTEREST ($000s)

	
	
	

	2000
	3
	15.00

	2001
	4½
	57.38

	2002
	4¾
	194.75

	2003
	4½
	236.25

	2004
	4½
	297.00

	2005
	4½
	362.25




� This case was initially formulated by Professor R. Kipp Martin, Graduate School of Business, University of Chicago
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