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Interest-only (10) and Principal-only (PO) mortgage-backed securities are created
by stripping the interest and principal payments from Agency pass-throughs and
distributing these payments to separate classes. This primer discusses some of the
ingtitutional aspects of the |O/PO market along with a detailed discussion of
several issues related to the pricing of 10s and POs.

I0s and POs alow investorsto express a“leveraged” view on prepayments relative
to the collateral because the cash flows of an 1O or aPO are usually alot more
sensitive to prepayment projections than the cash flows of the underlying

collateral. As aresult, although the investment risks associated with |Os and POs
are similar to those associated with pass-through securities, they are magnified
manifold. We discuss the exposure of 10/PO pricesto key risk factors such as
interest rates, curve shape, prepayment model forecasts, mortgage spreads, and
volatility.

The two most commonly used relative value metrics for 10s and POs are yield and
OAS. The well-documented shortcomings of yield as a measure of return for MBS
are accentuated for 10s and POs because of the extreme sensitivity of these
instruments to prepayment speeds. OAS is amuch better metric but also possesses
shortcomings because of the presence of significant prepayment risk in 10s. We
illustrate some of the volatility present in 1O OASs by walking through a historical
case study.

The unusual duration and convexity characteristics of 10s and POs make them
appealing to awide range of market participants with different investment motives.
Investors can use these instruments to hedge prepayment or interest rate risk; to
express views on interest rates, mortgage spreads and volatilities; to take advantage
of any arbitrage opportunities vis-a-vis underlying collateral; to create desired
investment or duration profiles; or to simply benefit from their attractive carry.

The primer also contains three appendices. Appendix A describes some of the
basic features of excess servicing 10-backed MBS. Appendix B provides a brief
tutorial on the breakeven prepayment model. Estimating this model allows usto
extract market expectations for prepayment speeds from 10/PO prices. Appendix C
reviews the settlement convention for Trusts.

This document is NOT a research report under U.S. law and is NOT a product of a fixed income research department. This document
has been prepared for Qualified Institutional Buyers, sophisticated investors and market professionals only.

To our U.K. clients: this communication has been produced by and for the primary benefit of a trading desk. As such, we do not hold
out this piece of investment research (as defined by U.K. law) as being impartial In relation to the activities of this trading desk.
Please see the important conflict disclosures that appear at the end of this report for information concerning the role of trading desk

strategists.
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I. INTRODUCTION

The first mortgage-backed securities (MBS) simply “passed through” the principal and
interest made by homeowners on their 30-year fixed-rate mortgages. However, the Wall
Street investment banks making markets in these securities rapidly realized that a pass-
through MBS backed by 30-year mortgages did not offer a diverse enough range of
investment characteristics. Their solution was to use specific alocation rulesto
redistribute the principal and interest payments generated by the underlying mortgages
and thus create bonds with risk profiles customized to be attractive to different types of
investors. One of the very simplest types of redistributions resulted in the creation of
the class of securitiesthis primer will focus on: Stripped Mortgage-backed Securities
(SMBS). SMBS are created by separating (“ stripping”) the interest and principal
payments in a pass-through cash flow and then allocating specified percentages of these
payments to separate classes. The most common SMBS structures are I nterest-Only
(10) and Principal-Only (PO). Asthe terminology suggests, an | O receives 100% of
the interest cash-flows from the underlying pass-throughs and 0% of the principal. On
the other hand, the PO receives both scheduled and unscheduled payments of principal
and none of the interest. Other variations in how the principal and interest cash flows
are allocated are common and we can creste synthetic coupons by distributing the
principal and interest cash flows unequally.! While our focus on synthetic structuresis
limited, this primer provides some examples of how these structures are created and
used by investorsin actual market practice.

For thetime being, let’s defer the natural question of why 10 or PO cash flows might be
of interest to investors and study how these cash flows vary as a function of prepayment
rates. Thiswill give us some preliminary intuition on the risk profile of securities
generating these cash flows. To this end, Figure 1 illustrates the distribution of pass-
through cash flows over time at two different predetermined prepayment rates and
separately labels the principal- (PO) and interest-only (10) components of this cash
flow. Focusing on the 10 cash flows first, notice how “interest lives on the principal.”
More precisely, the amount of interest payments received by |0 holders depends both
on the amount of principal outstanding and the amortization rate (scheduled and
unscheduled) of this principal. The blue shaded area corresponds to the total amount of
interest payments received and is clearly smaller at faster prepayment rates. We
conclude that, all else being equal, faster prepayments will always hurt 10 holders since
they reduce the amount of cash flows received.

On the other hand, a PO cash flow holder will always get all of their principal back?
with the return on the security depending upon the timing of these principal payments.
Since a PO will always trade below par, all else being equal, the sooner the investor
gets their money back (the faster the prepayment rate), the greater the return.

! The securities that results from these unequal distributions are termed “synthetic” because they have a coupon rate that is different
from that of the underlying collateral.
2 Under the assumption that Agency pools have no default risk.
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Summarizing, since faster prepayments are always bad for 10s, 10s can be thought of
as the “ ultimate premium security”. Similarly, on the other side of the coin, a security
backed by principal cash flows on pass-through pools can be considered as the
“ultimate discount security.”

Figure 1: Interest and Principal Cash Flows on a 5.5% Pass-through as a Function
of Prepayment Rates

100% PSA
18000 -
16000 -
Total Interest
14000 | =$614,049.11
. 12000 1
&
= 10000 -
]
(TR
& 8000
@
O 6000
4000
2000
0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Age (Months)
@ Principal @ Interest
300% PSA
18000
16000 Total Interest
14000 = $303,779.48
_. 12000
&
= 10000
3
w
5 8000
O 6000

4000
2000
0

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Age (Months)

O Principal @ Interest

Beginning Balance = $1mm.
Source: Banc of America Securities

Let’ s return to the question we deflected earlier: why would somebody want to
purchase a security with these characteristics? Even our simplistic analysis above
should make it evident that market prices on 10/PO securities will be very sensitive to
prepayment assumptions. Thus, these securities reflect an efficient way for mortgage
market participants to express a view on the pricing of prepayment risk and also serve
as vehicles for effectively hedging prepayment risk. Also, 10s are one of the few fixed
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3 We discuss thisin detail later.
* As of October 2006.

income securities with negative duration: 10 prices increase as rates go up and
prepayments go down.® Investors may thus find it convenient to hold these securitiesin
their portfolio as ahedge for increasing rates. Similarly, POs respond favorably to
increased prepayment risk and can be used as hedges for prepayment risk by institutions
that are naturally long prepayment risk like mortgage servicers. As aresult of these
desirable characteristics, the Trust |O/PO market which consists of stripped 10s and
POs which are structured into trustsis an active part of the securitized Agency
mortgage market with an estimated outstanding volume of $81bb.*

However, despite having an easily understandable cash flow profile, 10s and POs are
some of the most challenging products to trade and price in the mortgage market. Their
complexity arises from their high sensitivity to prepayment assumptions and leadsto a
fair amount of “idiosyncratic risk” associated with each security. In down to earth
terms, this means that in buying an 10 or PO class investors have to take avery close
look at the characteristics of the underlying mortgages to seeif they can gain any insight
into factors that suggest this collection of homeowners might be predisposed to prepay
faster or dlower than the “average.” In particular, investors pay close attention to the
distribution of servicers, loan sizes, |oan ages, borrower mortgage rates and geographic
location for the pool of mortgage |oans backing the Trust.

In this primer, we delve into some of the details of this challenging and fascinating
market. We begin by exploring how 10/PO structures are created and briefly discuss the
secondary market in which these structures are traded. Central to understanding the
price movements of these securities is understanding the risks associated with them and
thus the next section discusses the exposure of 10/PO prices to key risk factors such as
interest rates, curve shape, prepayment model forecasts, mortgage spreads, and volatility
risk. The section after this addresses relative value, with the two most commonly used
metrics for 10s and POs being yield and OAS. The well-documented shortcomings of
yield as ameasure of return for MBS are accentuated for 10s and POs because of the
extreme sensitivity of these instruments to prepayment speeds. OAS is a much better
metric but also possesses shortcomings because of the presence of significant
prepayment risk in 10s. We also illustrate some of the volatility present in 1O OASs by
walking through a historical case study. The last section discusses some of the
investments motives for market participants who trade |Os and POs. Investors can use
these instruments to hedge prepayment or interest rate risk; to express views on interest
rates, mortgage spreads and volatilities; to take advantage of any arbitrage opportunities
vis-avisunderlying collateral; to create desired investment or duration profiles; or to
simply benefit from their attractive carry. We conclude with three appendices. Appendix
A describes some of the basic features of excess servicing 10-backed MBS. Appendix B
provides a brief tutorial on the breakeven prepayment model. Estimating this model
provides us away to extract market expectations for prepayment speeds from 10/PO
prices. Appendix C reviews the settlement convention for Trusts.
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Il. THE 10/PO MARKET

Aswe discussed above, Stripped MBS (SMBS, “ Strips’) isthe technical term used to
refer to the securities containing 1O/PO classes. Thus, whenever market participants
speak of a“Trust 10" or a“Trust PO”, they are referring to a particular class associated
with aspecific SMBS. SMBS issued by Fannie Mae carry a FNS prefix, while those
issued by Freddie Mac carry a FHS prefix. In general, market participants use the terms
“Trust”, “10/PO”, and “ Strip” interchangeably.

Figure 2 walks through how SMBS are created in practice. In the first step, numerous
pass-through pools are combined to create amega-pool and the mega-pool certificate is
then sold into atrust. The trust then issues an SMBS certificate with 10/PO classes
similar to the ones illustrated in the figure. The SMBS will aso typically issue
additional classes that receive different portions of interest and principal. A crucial point
to which we will return later is that the |O/PO classes can and often are exchanged for
the underlying pass-through certificates backing the trust based on certain conditions
and fees. They may also be exchanged for the other classesissued by the SMBS but this
takes place much less frequently.

Figure 2: Creating a Stripped MBS from Pass-through Pools
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Source: Banc of America Securities

Thefirst SMBS structures date back to the late 80’ s and Figure 3 summarizes the
issuance of 10 classes under the FNS and FHS shelves from 1986 onwards.® As the
figure suggests, while 10 issuance is somewhat correlated to the level of mortgage rates,
there appear to be other factors that also play an important role. Essentially, the demand
for 10 or PO isdriven by the investor demand for exposure to prepayment risk, either as
an offsetting hedge or because the creation of certain types of structured CMOs has
resulted in prepayment risk being inefficiently priced. We will revisit these ideas when

® The 10 issuance numbers depicted in the figure serve as a good approximation to PO issuance, but the correspondence is not exact.
The point isthat 10O and PO deals may not always be struck off the same principal balance in order to create additional classesin the

SMBS with synthetic coupons
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we discuss 10/ PO valuation in alater section®.

Figure 3: 10 Issuancein SMBS Trusts: 1986-2006*
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30-year Mortgage Rate (%
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‘ mm Total |0 |ssuance = 30-year Mtg Rate‘

*As of October 2006. We exclude |Os backed by excess servicing.
Source: Banc of America Securities

Liquidity in the 10/PO Market

Figure 4 shows the volume of outstanding |Os stratified by coupon. Whileit is correct
to assume that 5s, 5.5s, and 6s are the most liquid coupons in the |O/PO market, the
numbers shown in the figure are an imperfect proxy for liquidity. The key issue is that
unlike the TBA market, 10 trusts are not “fungible.” In other words, market
participants don't regard different trusts issued off of the 5.5% coupon (FNS 354 and
FNS 352 for example) as substitutes for each other. The nuanced pricing of
prepayment risk in the |O/PO market means that in order for thisto happen, the
collateral underlying the two trusts would have to be virtually identical, and thisis
rarely the case. Generally speaking, the most recently issued trust for a particular
coupon is regarded to be the “on-the-run” benchmark and more seasoned trusts are
considered to be less liquid. The other key to understanding liquidity in the |O/PO
sector isthe |O/PO “Combo.”

® The figure doesn’t represent an important source of 10 supply that comes from the issuance of Excess Servicing deals. Appendix A
provides a detailed introduction to these transactions.
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Figure 4: Outstanding Float in the Trust |O/PO Market by Coupon

Outstanding ($bb)*

| Coupon FNS FHS Total %0ut |
4.50 0.3 1.9 2.2 3%
5.00 12.3 10.0 22.3 28%
5.50 15.4 12.6 28.1 35%
6.00 12.0 9.0 20.9 26%
6.50 3.5 1.2 4.7 6%
7.00 1.0 0.7 1.7 2%
>=7.50 0.5 0.3 0.9 1%
80.8 100%

*As of October 2006. Only includes Trusts backed by 30-year mortgages.
Source: Banc of America Securities

10/PO Combos

An investor who holds both the 10 and PO class corresponding to a particular Trust is
said to be long the “combo” (short for “ combination”) corresponding to that Trust.
Owning the combo gives the investor the flexibility of getting long either 1O or PO
exposure by selling the companion class. Some investors also like to hold the combo
by itself in anticipation of its value appreciating significantly if thereisa CMO bid for
the collateral characteristics underlying either the 1O or PO.

Additionally, owning the combo also confers the option of exchanging it for the
underlying pass-through pools. This exchange processis termed “ collapsing the
combo” by market participants. While at first blush it is not obvious why somebody
would want to do this, the point is that the exchange option gives the combo holder the
ability to access the liquidity of the pass-through market and take advantage of special
technical opportunities that exist there. So, for example, let's say | hold 6% IO and the
specified pool market is paying arich premium for collateral pools with the same
characteristics as those backing the |O. In this situation, | would buy the 6%
companion PO and using the exchange option to deliver the |O/PO certificatesin
exchange for 6% pass-through pools, which | would then sell into the specified pool
bid.

The exchange option is not free: it varies from deal to deal and agency to agency and
can be found in the prospectus statement. The current practice is for most newly issued
Truststo alow free recombinations for a period of 2-3 months after which a1 tick fee
is charged on the current face amount.

Combos are important enough that 10/PO traders will make markets in them. The
prevailing convention is to quote combo prices at a spread to the TBA of the
appropriate coupon. For example, if broker-dealer X says quotes the offer-side of
$100mm of Trust ABC combo which is backed by 5.5% pools at “0-03", this means
that they will deliver $100mm of the combo at the 5.5% TBA price plus 3 ticks. The
combo isimportant enough that the market will punish “orphan” 10 classes that do not
have a companion PO available and vice-versa.’

" This happens because occasionally large blocks of the 10 or PO get locked up in aCMO structure.
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Bid-Offer Spreads

The bid-offer spread on 10 transactions typically averages 4 ticks for asize of up to
$50mm to $75mm on newer trusts, and is wider for larger sizes and older trusts. The
bid-offer on 10/PO Swaps (the exchange of 10 or PO class for another) and Combos
presently averages around 1-2 ticks, although newer trusts have more liquidity. POs are
usually considered more illiquid than | Os because of their appeal to long-term investors
such as servicers who use these instruments to hedge prepayment risk on their servicing
portfolios.
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lll. UNDERSTANDING 10/PO PRICE MOVEMENTS AND RISK
EXPOSURES

Movements in 10/PO Prices: A Simple Example
10s and POs are exposed to the same laundry list of risks as pass-through securities —

interest rate risk, curve shape risk, volatility risk, prepayment model risk, current
coupon spread risk etc. However, the risks embedded in pass-through securities are
magnified in 10s and POs since the latter set of securities has much greater exposure to
prepayments. The goal of this section isto quantify how I1O/PO prices move as a
function of changes in the aboverisk factors. In a general sense, we aready have a
feeling for thisissue from an understanding of the pass-through market because of our
earlier characterization of 10s as being the “ ultimate premium security” and POs as
being the “ultimate discount security.”

Let’s begin by asking a very fundamental question: how do we expect 1O and PO prices
to move as afunction of interest rates? To answer this, we need to consider two effects:

e When interest rates change, prepayment speeds change. Thus, the total cash flows
received by an IO holder aswell as the timing of the cash flows received by the
owner of an 10 or a PO change. We call thisthe cash flow effect.

e When interest rates change, the discount rates used for estimating the present value
of the cash flows received by the owners of an 1O or a PO change. We call thisthe
discount factor effect.

When interest rates decline and prepayment speeds pick up, the negative impact of the cash
flow effect on an 10 price usually dominates the positive impact of the discount factor effect
from lower rates. Asaresult, the price of an 1O usualy falls when interest rates decline.
Similarly, when interest rates rise and prepayment speeds slow down, the positive impact of
the cash flow effect on an 10 price usually dominates the negative impact of the discount
factor effect from higher rates. Thus, the price of an 10 decreases when interest rates decline
and increases when interest rates rise, while the opposite occurs with the prices of POs.
Figure 5 presents asimpleillustration of this effect. The top half of the table (the “ Constant
Prepay Assumption” section) shows how 1O prices would change as a function of interest
ratesif we only took the discount factor effect into account. The lower half of the table (the
“Dynamic Prepay Assumption” section) illustrates how 10 prices change when we take both
the cash flow effect and the discount factor effect into consideration. Here, we compute
prices by simply taking the present value of the cash flows at the discount rate corresponding
to the appropriate interest rate scenario.
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Figure 5: Understanding the Impact of Interest Rates and Prepayments on 10
Prices
Price = 25-29+ Yield = 8.26% (Prepay Assumption = 190 PSA)
Scenario -200bp  -100 bp 0bp +100bp  +200 bp
Constant Prepay Assumption
Projected Prepays (% PSA) 190 PSA 190 PSA  190PSA 190 PSA 190 PSA
Total Cash Flows ($mm) 1130 1130 1130 1130 1130
Discount Rate 6.26% 7.26% 8.26% 9.26% 10.26%
Price 28-10+ 27-02+ 25-29+ 24-27+ 23-28+
Dynamic Prepay Assumption
Projected Prepays 1469 PSA 569PSA 190 PSA  135PSA 121 PSA
Total Cash Flows ($mm) 165 438 1130 1413 1504
Discount Rate 6.26% 7.26% 8.26% 9.26% 10.26%
Price 5-10 12-29+ 25-29+ 28-26 30-00

Source: Banc of America Securities

10/PO Duration and Convexity Profiles
Figure 5 provides a somewhat theoretical illustration of how 10 prices vary as a

function of prepayments and interest rates. Figure 6 provides a more realistic view of
how 10 (and PO) prices change in the market as a function of interest rates, assuming
OASs remain constant.

Figure6: Constant OAS Pricing for 10, PO, and Collateral
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Another way to get afeeling for movementsin 10/PO prices as a function of interest
ratesis to compute OAS-based duration and convexity measures for these securities and
also get afeeling for how these measures vary with rate levels. As the bottom two graphs
in Figure 7 demonstrate, the effective duration and convexity profiles of 1O and PO
securities exhibit significant disparity relative to each other, and also with respect to the
underlying collateral. For example, the graphs show that the 5.5% |O has alarge negative
duration and negative convexity while the 5.5% PO has high positive duration and

10
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positive convexity (in the 0 bps shift case). Notice al so that the interest rate sensitivity of
Trust 10s and POs changes significantly with the level of interest rates. We now explore
how the duration and convexity of 10/PO cash flows varies with rates.

Duration and Convexity Profile of a PO

Asinterest rates fall from the baseline case (0 bps shift), prepayment speeds on the
collateral begin to accelerate. For a PO, both the high speeds (“the cash flow effect”) and
lower discount rates (“the discount rate effect”) work in conjunction to boost its price
when interest rates decline. Asinterest rates continue to decline, both the duration and
the convexity of the PO begin to fall. Thisis because prepayment speeds become less
sensitive to interest rate changes at low rate levels as indicated by the levelling off of the
prepayment S-curve (the first graph in Figure 7). In this particular situation, the duration
of the PO remains positive throughout the interest rate range whereas the convexity
changesitssign at low interest rate levels. The negative convexity of POs at very low
interest rates just signifies that the duration of the PO beginsto decline at these low
interest rate levels.

When interest rates increase, slower prepayment speeds along with higher discount rates
knock down the price of a PO. However, as interest rates continue to rise, the price of the
PO falls at alower rate due to the levelling off of prepayment speeds.

Duration and Convexity Profile of an 10

In the case of 10s, asinterest rates fall, higher speeds overwhelm the impact of lower
discount ratesinitially and lead to a sharp decline in prices. The duration of the 5.5% IO
becomes more negative owing to the sharp increase in prepayment speeds (“ high
negative convexity”). However, a continued rally of interest rates leads to levelling off in
IO price declines as a consequence of a combined effect of lower discount rates and
prepayment speeds starting to max out at the higher end of the prepayment S-curve (see
the first graph in Figure 7). At low rate levels, the |O becomes positively convex
signifying that the |O price is so low at these interest rate levels that it has much more
room to rise than to fall.

When rates rise, the price of an 10 increases initially as the beneficial impact of slower
prepayment speeds outweighs the negative impact of higher discount rates. Asrates
continue to rise and speeds level off at the lower end of the prepayment S-curve, the
effect of higher discount rates becomes dominant. As aresult, the duration starts to
increase and beyond a certain point, further increases in rates lead to a declinein prices
and the duration becomes positive.

11
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Figure7: Effective Duration and Convexity of | O/PO Securitiesand Collateral
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10/PO Risk Exposures

Our discussion of 10/PO duration and convexity gives us a clear picture of the interest
rate risk (duration risk) posed by these securities. We now discuss some of the other risks
associated with 10/PO investments.

Curve Shape Risk

Effective duration is a good measure of interest rate risk aslong as the whole yield curve
moves in parallel. Trust IO/PO prices can also change because of changes in the shape of
the yield curve and the associated risk is referred to as curve shaperisk. To evaluate
curve shape risk, market participants typically calculate partial durations with respect to
different parts of the yield curve.

Figure 8 illustrates what these partial durations look like for 5.5% IO, PO, and Collateral.
Although I0s lose value in general dueto faster prepayments when interest rates fall,
they actually have arelatively strong positive duration with respect to the 2-year rate. In
other words, 10 prices increase when the 2-year rate rallies, even though the negative
effective duration of the |O means that its price will decline when the yield curverallies
in parallel. This happens because any short-term loss in value due to marginally faster
prepayments resulting from declines in short-term rates is overwhelmed by higher
mortgage rates on the forward paths which lowers long-term speeds. The opposite occurs
with POs. Owing to their extreme discount nature, POs exhibit negative partial durations
with respect to the 2-year rate even though they usually have a strong positive effective
duration.

Figure 8: Curve Risk Exposures of 5.5% |10, PO, and Collateral

25 4
20 4
15 A
10 4

Duration (yrs)
o
|

25 - m5.5% 10 m5.5% PO mPT

*The exposure of the 10 to the 5-year is almost zero.
Source: Banc of America Securities

13
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Prepayment Model Risk

The potential for differences between realized prepayment rates and prepayment rates
forecasted by the model leads to the notion of prepayment risk or prepayment model
risk. Thisrisk isdistinct from the risk of interest rate-related changes in prepayment
speeds. Prepayment risk arises either due to structural changes in the mortgage market or
due to differences between market prepayment expectations and model projections. The
price sensitivity of MBS to changes in prepayment levels from a defined base level,
while keeping interest rates constant, is measured through prepayment duration. An
extension of this concept isto calculate partial prepayment durations, which measure
the price sensitivity with respect to deviations from the base level for a specific
component of prepayments. The most important partial prepayment durations are the
Turnover Duration and the Refinance Dur ation, which measure, respectively, the
impact of higher or lower than projected home sales and refinancing rates on the price of
an MBS.

Prepayment durations are positive for premium coupon mortgage pass-throughs and
negative for discount coupon pass-throughs since faster than expected speeds hurt
premium coupons and benefit discount coupons (see Figure 9). Conseguently, an 10
always has positive prepayment duration regardless of whether the underlying collateral
istrading at a discount or a premium. On the other hand, a PO always has negative
prepayment duration.

Figure9: Prepayment Model Exposure of 5.5% 10, PO, and Collateral

Prepay Duration / Price Change (ticks) / 1% Prepayment
DvO01 Model Multiplier Increase
55%10 0.5/0.0013 -0.0013 x 32 x100 =-4.16
5.5% PO -0.189/-0.00136 0.00136 x 32 x 100 = 4.352
P-T -0.009 / -0.00009 0.00009 x 32 x 100 = 0.288

Source: Banc of America Securities

Mortgage Spread Risk (Current Coupon Risk)

This risk measure captures the effect of widening and tightening of mortgage spreads on
the prices of 10s and POs. Wider mortgage spreads equate to higher mortgage rates at the
same Treasury/Swap rate levels and thus lead to slower prepayment speeds. Similarly,
tighter mortgage spreads lead to faster prepayment speeds. Thus, current coupon spread
widening is usually beneficial for premium coupon mortgage pass-throughs and has a
detrimental impact on discount coupon pass-throughs. The pricerisk arising from change
in mortgage spreads is referred to as mortgage spread risk or current coupon spread
risk.

Premium coupon pass-throughs usually have negative current coupon spread duration
whereas discount coupon pass-throughs have positive current coupon spread duration.
Consequently, 10s and POs aways have very strong negative and positive current
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coupon spread durations respectively, regardless of the coupon rate on the underlying
collateral. In other words, an O aways benefits from current coupon spread widening
while a PO always benefits from current coupon spread tightening.

Figure 10 shows the current coupon spread sensitivity of a’5.5% 1O and PO. For a 10 bps
increase (widening) in mortgage spread, the 5.5% 10 gains 31 ticks, while the 5.5% PO
loses 29.7 ticks. The magnitude of current coupon spread exposure of the underlying
collateral is usually alot less than that of the IO or the PO. In the case below, the
underlying collateral gainsonly 0.6 ticks for a 10 bps widening in current coupon
spreads.

Figure 10: Current Coupon Spread Exposure of 5.5% 10, PO, and Collateral

CCSDuration/ DV0O1 Price Change (ticks) / 1bps CCS
Increase
55% 10 -36.948 / -0.097 0.097 x 32 =3.104
5.5% PO 12.93/0.093 -0.093 x 32 =-2.976
P-T -0.194 / -0.002 0.004 x 32 = 0.064

Source: Banc of America Securities

Volatility Risk

MBS pass-throughs have a positive duration with respect to interest rate volatility sincea
risein volatility increases the value of homeowner’ s prepayment option. For 10s, which
have aleveraged short position in the prepayment option relative to the underlying pass-
through, the negative effect of the increase in volatility on pricesis magnified. On the
other hand, POs are long the homeowner’ s prepayment option and hence have negative
volatility duration. The price sensitivity of 5.5% IO and PO with respect to changesin
volatility is shown in Figure 10. For a 10 bpsincrease in interest rate volatility, the 5.5%
1O loses about 22 ticks versus the PO, which records a modest gain of about 9 ticks.

An important distinction needs to be made between the overall impact of volatility
changes on Trust 10 prices and the volatility risk measures shown in Figure 11.
Assuming that OA Ss remain constant, when volatility increases we see current coupon
mortgage spreads widen (the “mortgage spread risk” discussed in the previous sub-
section) which helps 10s. Thus, the total impact of volatility changes on 1O prices
consists of two different components: An 10 price change due to mortgage spread
changes caused by volatility movements and an 10 price change due to volatility changes
alone (at constant mortgage spreads). The combined effects of these two changes can
sometimes have 10 prices rising when volatility increases and declining when volatility
decreases.
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Figure 11: Volatility Exposure of 5.5% 10, PO, and Collateral

Vol Duration/DV01 Price Change (ticks) / 1bpsVal
Increase
5.5% 10 26.3/0.068 -0.068 x 32 =-2.176
5.5% PO -3.8/-0.0271 0.0271x 32=0.8672
P-T 4.2/0.0414 -0.0414 x 32 =-1.3248

Source: Banc of America Securities
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IV. METRICS FOR 10/PO VALUATION
Yield

The shortcomings of yield as a measure of total return and value for pass-throughs are
accentuated for 10s and POs because of the extreme sensitivity of these instrumentsto
prepayment speeds. Take alook at Figure 12: notice that the yield on the O decreases by
230 bps when long-term prepayment speeds increase by 2% CPR from 12% CPR to 14%
CPR, and increases by 228 bps if prepayment speeds decrease by 2% CPR from 12%
CPR to 10% CPR. Contrast this to the situation for pass-throughs where the
corresponding numbers are 4 bps and 3 bps respectively.

Figure 12: Yiddson 5.5% 10, PO, and Collateral asa function of prepayment
speeds
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Option-adjusted Spread (OAS)

As discussed in our primer on MBS pricing®, the accurate pricing of MBS takes into
account the variation in cash flows in different interest rate scenarios resulting from the
exercise of the prepayment options by the underlying homeowners. Thus, calculating the
OASon an 10 or PO gives us a much better perspective on the return for a potential
investor than ayield. Still, the OAS measureis far from perfect because of the presence
of prepayment model risk. Asour earlier calculationsin Figures 9 and 12 demonstrate,
even asmall difference between actual and realized prepayment speeds can lead to a very
different return profile than the one initially assumed. The presence of this model risk
results in the OASs of 10, PO and pass-throughs created from the same Trust being quite
different. In general, 10s have the highest OAS to compensate the investor for the higher
prepayment risk embedded in these securities. Thisissue is further discussed in Appendix
B.

8 See “Pricing Mortgage-backed Securities.”
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A Case Study in 10 Valuations

To get some feeling for how OASs on Trusts can vary as afunction of market conditions,
Figure 13 plots the OAS history of Trust 328 10, a 6% IO with a GWAC of 6.46%, over
2003-2005. Notice the dramatic movementsin 1O OASs over this period from alow of
-250 bpsto ahigh of 1150 bps. We review some of the driving forces behind these
swings.

Trust IOsweretrading at very low OASs at the beginning of 2003 because of the steep
yield curve and the specialness of the dollar roll on current coupon pass-throughs.
Attracted by the attractive carry of Trust |0s hedged with current coupon collateral,
institutional investors bought Trust I0sin size. Trust 1O valuations then nosedived over
the spring and summer of 2003 spring because of a combination of afactors:

e Firgt, there was substantial supply of structured 10s (from CMO deals) in the
market. Due to historically low rates, most of the mortgage universe consisted
of premium mortgages at that time. Broker-dealers structuring CM O deals had
to sell the premium in the form of structured |Os which flooded the market with
Trust 10-like cash flows.

e  Second, prepayment speeds on premium collateral were alot faster than what
the market expected during the 2003 Refi wave. Thiswas largely dueto the
generational lows in interest rates and the resultant very strong media effect.
These faster than expected prepayment speeds hurt 10 valuations.

e Third, prepayment speeds on 30-year 6% pools reached as high as 60%-70%
CPR. At these prepayment speeds, carry on 6% |Os was very negative, which
drove carry players away from the market.

e Findly, realized volatility was very high and implied volatility spiked up as well
causing asurgein both actual and expected losses from negative convexity.
Although 6% |Os had positive convexity in the early summer of 2003 when the
10-year Treasury hit 3.10%, their convexity profile turned negative as rates
backed up from those very low levels. The high negative convexity losses
during the summer of 2003 further reduced demand for |Os.

After rebounding somewhat over the latter half of 2003, Trust 10 OASs stabilized at the
beginning of 2004 when the 10-year Treasury yield dropped to 3.65%, rekindling
prepayment fears. However, as 2004 progressed, 10 spreads tightened substantially and
Trust 10s closed the year at very tight OASs. Some of the important factors that
contributed to this IO spread tightening include:

e Theimplied volatility of swaptions declining by 15-20 bps, which increased
demand for Trust 10s.

e  Prepayment speeds on 30-year 6s and 6.5s declining from their lofty levels of
60%-80% CPR to 30%-50% CPR. The owdown in prepayment speeds
improved carry on |Os and made them attractive to carry players.

e The 10-year Treasury stabilized in arange of 3.95%-4.40% during the second
half of 2004 and realized volatility in the market was very low. Naturally, all
negative convexity products tend to perform well in this type of environment.
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IO OASswere fairly range bound over 2005 relative to 2003 and 2004 with some peaks
and troughs in performance. Faster than expected speeds, a steady supply of Excess 1O
from servicersand aflat yield curve counteracted the effect of low volatility and a muted
prepayment environment.

Figure 13: OASson Trust 328 10: 2003 to 2005
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V. INVESTING IN 10/PO

The unusual duration and convexity characteristics of 10s and POs appeal to awide
range of customers with different investment motives. Investors can use these
instruments to hedge prepayment or interest rate risk; express views on interest rates,
spreads and volatilities; take advantage of any arbitrage opportunities vis-a-vis
underlying collateral; create desired investment or duration profiles; or simply benefit
from attractive carry. Figure 14 summarises some typical 10/PO investment rationales
for different classes of institutional investors.

Figure 14: Investment Rationalefor Trust IOsand POs

INVESTOR TYPE INVESTMENT RATIONALE 10/PO
Hedge Funds Express aview on interest rates or 10/ PO
prepayment rates
Attractive carry under different prepayment 10/ PO
scenarios
Excess return in market-neutral trading 10/ PO
strategies
Create investments with desired 10/ PO
duration/convexity profiles
M oney M anager s and Cheapest negative duration alternative to 10
Insurance Companies hedge a sell off in interest rates
Only negative duration alternative for 10

accounts with prohibitions on short selling
and using off-balance sheet derivatives

Hedge prepayment risk PO

M ortgage Servicers Hedge prepayment and interest rate risk of PO
servicing portfolios

Source: Banc of America Securities

Typical Trades

Zero-Duration Combinations of Trust I0s and Current Coupon TBAs

Investors who expect interest rates to be range bound can create duration-neutral
combinations of Trust 10s and current coupon collateral as an aternative to holding cash
(recall that Trust 10s have negative duration). These combinations can offer attractive
carry inreturn for being short convexity and hence, by implication, (implied) volatility.

Synthetic Premium and Synthetic Discount Trades

A popular trade in the Trust market isto combine a pass-through security with an 1O or a
PO to create a synthetic premium or a synthetic discount security. The synthetic
security will have a coupon rate that is different from the coupon of the original pass-
through used for creating the synthetic security. Thistrade is typically used when
investors believe that 10s and POs offer a cheaper alternative for going up-in-coupon or
down-in-coupon across the pass-through coupon stack. For example, suppose an investor
thinks that 30-year 5.5% passthroughs are very rich relative to 30-year 5sand it is
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cheaper to go up-in-coupon using 5% Trust 10s. They can buy $100 TBA 5s and $10
Trust 5% to create a $100 synthetic 5.5% security.

Synthetic coupons can a so be created by combining Trust |Os and POs in different
proportions. Depending upon the proportion of 10s and POs in the combination, the
resulting synthetic coupon may have a different risk profile than that of the underlying
collateral. For example:

e More POsthan |Os resultsin alower coupon than the underlying collateral :
> $10mm 6% 1O + $15mm 6% PO = $15mm 4% Synthetic Coupon

e MorelOsthan POs results in a higher coupon than the underlying collateral:
> $15mm 6% |O + $10mm 6% PO = $10mm 9% Synthetic Coupon

Combo Trade versus TBAs

In this trade, an investor combines 10s and POs from the same Trust or from two
different Trusts to create a synthetic pass-through (or a“ Combo”). The synthetic
passthrough collateral characteristics— GWAC, WALA, loan size etc. — may be quite
different from the collateral corresponding to the TBA of the same coupon. Investors put
on this trade when they believe that the market is not correctly pricing in the specified
pool characteristics (seasoning, burnout etc) of collateral.

For example, suppose that an investor thinks that the market is underpricing the value of
the burnout in 1997 vintage FNMA 6.5s. In this situation, the investor could express their
opinion by buying 10s and POs of a 6.5% Trust backed by pools originated in 1997 and
short TBA 6.5s.

10/PO Swaps

Here, an investor buys an 10 (PO) of a Trust backed by a specific coupon and shorts an
IO (PO) of adifferent Trust. The Trusts may or may not have the same coupon but will
be backed by different collateral. Thistrade is used when an investor perceives that the
market is not correctly pricing in the relative prepayment risks in the collateral backing
the two different Trusts.
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APPENDIX A. EXCESS SERVICING 10-BACKED MBS

Since 1999, there have been anumber of MBSsissued under the FNS and FHS labels
that securitize the excess servicing from servicer portfolios. Figure 14 contains alist of
all theissued deals up to September 2006. How is this excess servicing generated? Recall
that servicers collect payments from the underlying homeownersin an MBS pool and
forward these payments to the relevant Agency. In return for performing this service,
they are allowed to collect an 1O strip. This 10 strip is part of the spread between the
gross coupon (GWAC) on apool of loans and the pass-through rate. In general, this
spread (loosely referred to as the “ servicing spread”) consists of three components: (1)
The guarantee fee; (2) The net amount of coupon purchased/sold by the lender using the
GSE buy-up/buy-down program; and (3) The lender’ s servicing takeout (25bps of base
servicing plus excess servicing).

To make our discussion above completely rigorous, we define excess servicing as
follows:

e Interest rate on the mortgage loan (+)

e Passthrough rate on the FNMA or FHLMC MBS backed by that mortgage loan
¢)

e Guaranteefee (-)

e  Minimum servicing fee (-)

e  Premium amounts required to be paid for the lender for lender-purchased
mortgage insurance

Excess servicing is securitized under the FNS and FHS shelves because it consists of 10.
However, an excess servicing deal isunlike aregular Trust in that it doesn’t contain a
companion PO class for the | O. For an excess servicing deal securitized under the
FHLMC (FNMA) shelf, only loans that are already in FHLMC (FNMA) pools may be
included. There are some other restrictions in terms of |oans that can be placed in excess
servicing deals with the common ones being that all loans with zero excess servicing and
non-standard remittance cycles are excluded. Also, non-current loans (delinquent loans,
loans in foreclosure) cannot be included in these transactions.
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Figure 15. Excess Servicing IO Deals: 1999 — October 2006

Issue Balance

Trust Pricing Date Collateral Servicer ($mm)
FNS305 | 11/3/1999 30-yr Countrywide 797.0
FNS 323 | 4/24/2002 30-yr Countrywide 1397.4
FNS 325 | 6/18/2002 30-yr Washington Mutual 3209.5
FNS 330 | 11/18/2002 | 15-yr & 30-yr |Washington Mutual 1219.1
FNS 331 | 12/19/2002 | 15-yr & 30-yr Countrywide 1487.7
FNS334 | 2/19/2003 [ 15-yr & 30-yr Countrywide 1627.1
FNS335 | 3/19/2003 | 15-yr & 30-yr |Washington Mutual 1316.1
FNS336 | 5/19/2003 | 15-yr & 30-yr |Washington Mutual 3007.7
FNS339 | 6/19/2003 [ 15-yr & 30-yr Countrywide 2899.8
FNS 343 | 9/22/2003 | 15-yr & 30-yr Countrywide 1378.3
FNS 345 | 11/19/2003 | 15-yr & 30-yr |Washington Mutual 1169.8
FNS 348 | 12/17/2003 | 15-yr & 30-yr Countrywide 795.8
FNS351 | 3/19/2004 | 15-yr & 30-yr Countrywide 527.5
FNS 355 | 11/23/2004 | 15-yr & 30-yr Countrywide 207.0
FNS 356 | 12/16/2004 | 15-yr & 30-yr Countrywide 1066.8
FNS359 | 6/17/2005 | 15-yr & 30-yr Countrywide 7779
FNS362 | 8/22/2005 30-yr GMAC 1252.5
FHS 233 | 9/13/2005 30Yr Countrywide 713.0
FNS364 | 11/21/2005 30-yr CitiMortgage 1520.9
FNS 365 | 12/20/2005 30-yr Countrywide 1509.7
FNS 366 | 12/20/2005 | 15-yr & 30-yr | Bank of America 985.7
FNS368 | 3/20/2006 15-yr SunTrust 464.0
FNS369 | 3/20/2006 30-yr Countrywide 668.8
FHS 238 | 5/12/2006 30-yr Countrywide 497.5
FNS 374 | 8/24/2006 30-yr Countrywide 649.7
FHS 241 | 9/14/2006 30-yr Weélls Fargo 95.8
FNS 376 | 9/22/2006 30-yr Weélls Fargo 112.3
FHS 244 | 10/19/2006 | 15-yr & 30-yr | Bank of America 400.0

Source: Banc of America Securities

Excess Servicing 10 Structures

Each excess 10 deal typically has a cluster of 10 classes for each coupon, with the
coupons usually ranging from 5% to 6.5%.° The typical cluster of tranches corresponding
to one coupon in an excess servicing 10 deal is summarized in Figure 16. Asthe figure

shows, there are two types of tranches:

® When the collateral consists of 30-year mortgage loans. The range of 10 coupons for 15-year mortgage loans will be shifted

downward by 50bps.

23



RMBS Trading Desk Strategy

Bankof America %%

e Fixed 10 class (Class 1, 2): Each such class has afixed interest rate for life.
Each mortgage |oan represented in this group contributes the same amount of
€XCESs servicing.

e WAC IO class(Class 3): Each such class has an interest rate that represents an
effective weighted average interest rate, and that may change from period to
period. Each mortgage loan represented in this group can contribute a different
amount of excess servicing.

Multiplying the class coupon by the conversion factor (column 3 in the figure) for afixed
IO class gives us the amount of excess servicing contributed by each loan. For example,

each loan contributes 12 bps of excess servicing to Class 1.

Figure 16: Typical Excess Servicing 1O Structure

Class | Principal Balance| Factor Type Rate Type
1 106,493,290 0.0218 NTL 55 FIX/IO
2 68,417,507 | 0.0445 NTL 55 FIX/10
3 19,405,777 NTL 55 WAC/10

Source: Banc of America Securities

Excess Servicing 10 Collateral Characteristics
Some care must be taken in terms of calculating the “average’ characteristics of the

collateral backing excess |O deals. Consider the following example. Suppose we have 3
loans, all with the same principal balance, and that the 1O contribution of these loansto
the WAC 10 is5 bps, 10 bps, and 15 bps respectively. Clearly, the loan with 15 bps of
excess |0 is contributing three times the cash flow to the WAC 10 versus the loan with 5
bps. Therefore, it isintuitively more appropriate to assign three times the weight of the
collateral characteristics of the 15 bps loans versus the 5 bps loans when calculating
“average’ characteristics. Collateral averages such asWAC, WAM, WALA and Loan
Size calculated using this weighting scheme are known as contributed averages since
the weighting is done not by loan balance but by the total amount of 10 cash flow
contributed by each loan.

For fixed 10 tranches, computing weighted-average collateral characteristics by current
loan balance or by contributed 10 balance produce the same result since each loan in a
fixed 10 tranche contributes the same amount of excess servicing.

Pricing a Typical Excess Servicing 10 Structure
Given aclassin excess |0 structure, the pricing process starts by finding the Trust 10

(with the same coupon) with collateral characteristics most closely resembling the
collateral backing the excess servicing IO tranche. In practice, the collateral backing the
excess servicing 10 tranche will differ from that of the Trust 1O in anumber of different
ways including more dispersion, more/less seasoning, higher/lower GWACs etc. A good
prepayment model should be able to price these factors and thus the second step in the
pricing process consists of assuming the excess servicing 10 trades at the same OAS as
its benchmark. The excess |O tranche price we obtain using this OAS differs from the
Trust 10 price only because of differencesin the collateral underlying these two tranches
(there may be settlement date issues to consider as well).
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Thefina step liesin applying adiscount factor to the price obtained in step 2. The
discount factor has varied over history and has been aslow as 92% and as high as 98%.
The discount is essentially a concession for the liquidity risk and single servicer risk
assumed by the excess 10 investor. The liquidity risk arises from the fact that the excess
IO tranche has no companion PO tranche unlike the Trust 10. The servicer risk arises
from the fact that the excess 10 investor has exposure to the servicing practices of one
particular originator as opposed to the mix of originatorsthat istypically backing a Trust.
The discount factor for the WAC 10 tranche is typically 2-3% lower than the concession
for the fixed 10 tranche because of the greater loan dispersion in the WAC 10 tranches.
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APPENDIX B. THE BREAKEVEN PREPAYMENT MODEL
Defining Prepayment Risk

Thetraditional view of prepayment risk was focused on analyzing how prepayment rates
vary with interest rates. This view of prepayment risk is essentially analogous to the
negative convexity risk in MBS and is captured by the OAS calculation. As we discussed
in the section on prepayment model risk (also commonly referred to as structural
prepayment risk), MBS investors also have to consider the risk that their prepayment
model is“wrong” — In other words, the future turns out to be different from the past. This
can happen in ahost of different ways including changes in the underwriting process,
changes in the ways servicers operate etc. For example, the increasing adoption of
automated underwriting by originators starting in 1995-1996 decreased the time and cost
associated with the mortgage application process and reduced the cost of refinancing.
Figure 17 illustrates how this cost reduction led to a shift in the refinancing S-curve and
exemplifies one aspect of structural prepayment risk: The refinancing efficiency of
homeowners typically increases over time but it is not easy to predict the amount and
timing of these improvements.

Figure 17: The Refinance S-Curvein 1993 and 1998
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Source: Banc of America Securities

The Market Pricing of Prepayment Risk

Structural prepayment risk is not captured by traditional convexity measures and it
cannot be hedged using Treasuries, Swaps and Options. To some extent, it is hedgeable
through mortgage derivatives. Since thisrisk is non-diversifiable, investors expect
additional return (OAS) for thisrisk. Thus, differencesin OAS among different MBSs
may not provide an indication of relative value because these MBSs may have different
exposures to prepayment risk. Thisisone reason why 1O, PO and pass-through OASs are
often different.
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The Breakeven Prepayment Model™®

If the prepayment model were perfect and investors were not risk-averse with respect to
prepayment model risk, then all MBS would trade at the same OAS.™ Thisidea
congtitutes the kernel of the breakeven prepayment model approach. The breakeven
prepay model percentage is the percentage of the prepay model that results in the |O and
PO of the same Trust having the same OAS (see Figure 18). Without going into the
technical details, the point isthat by following this process we can calibrate the
prepayment model to the market expectation of prepayments and the market price of
prepayment risk. |0s and POs are essentia to this calibration process because their
sensitivity to prepayment speeds implies that we can gauge market expectations for
prepayment speeds from their prices.

How do we use the breakeven prepayment model in practice? For a prepayment risk-
neutral investor, a breakeven prepayment model percentage greater than 100% implies
that the market is assuming prepayment speeds are going to be faster in the future than
the model is currently assuming. This can mean one of two things. First, if the market is
“wrong”, the 10 is cheap relative to the PO. On the other hand, if the market is“right”,
the 10 may not be cheap and the prepayment model istoo slow. Thus, in practice, market
participants often use breakeven prepayment model percentages to gauge what the
market’ s expectations for prepayment speeds are relative to what the prepayment model
is predicting.

Figure 18: Determining the Breakeven OAS and the Breakeven Prepayment M odel
Multiple
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Source: Banc of America Securities

19 The breakeven prepayment model is also often referred to as the market-implied prepayment model.
1 Assuming no financing advantages existed for pass-throughs.
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APPENDIX C. THE TRUST SETTLEMENT PROCESS

Trusts have a somewhat peculiar settlement convention. They settle either on trade date
plus two business days (T + 2), or on the TBA settlement date corresponding to
underlying collateral, whichever comes later in the settlement month. Let’s work through
an example to clarify how this works in practice. The 30-year conventional TBA
settlement dates for October 2004 and November 2004 are October 14™ and November
15" respectively. The following settlement conventions apply to a Trust backed by 30-
year conventional collateral:

e Al trades occurring between September 29" and October 12", both days
inclusive, will settle on October 14™ (the TBA settlement date). This s because
the corresponding T + 2 business days for trades during this period range from
October 1% to October 14™, which is earlier than or the same asthe TBA
settlement date for October.

e All trades from October 13" to October 27", both dates inclusive, will settle on
the corresponding T + 2 business days, which range from October 15" to
October 29" For example, on October 13", the Trust settlement date will be
October 15™; on October 14™, the Trust settlement date will be October 18", and
soon. T + 2 business days for all of the above trade dates comes after the TBA
settlement date of October 14™.

e Finaly, for all trades from October 28" to November 11", the Trust settlement
date will be November 15™.*2

Oneinteresting byproduct of the Trust 10/PO settlement convention is that the changein
settlement convention from Skip to Regular at month-end requires an estimate of the
expected prepayment speed of the Trust for that particular month (in market parlance, the
speed at which the Trust is“rolled” at). Since |O/PO prices are so sensitive to
prepayments, alot of attention is paid to these estimates.

12 October 30", 2004 was a holiday
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IMPORTANT INFORMATION CONCERNING U.S. TRADING STRATEGISTS

Trading desk material is NOT aresearch report under U.S. law and is NOT a product of a fixed income research department of Banc
of America Securities LLC, Bank of America, N.A. or any of their affiliates (collectively, “BofA”). Analysis and materials prepared
by a trading desk are intended for Qualified Institutional Buyers under Rule 144A of the Securities Act of 1933 or equivalent
sophisticated investors and market professionals only. Such analyses and materials are being provided to you without regard to your
particular circumstances, and any decision to purchase or sell a security is made by you independently without reliance on us.

Any analysis or materia that is produced by a trading desk has been prepared by a member of the trading desk who supports
underwriting, sales and trading activities.

Trading desk material is provided for information purposes only and is not an offer or a solicitation for the purchase or sale of any
financial instrument. Any decision to purchase or subscribe for securities in any offering must be based solely on existing public
information on such security or the information in the prospectus or other offering document issued in connection with such offering,
and not on this document.

Although information has been obtained from and is based on sources believed to be reliable, we do not guarantee its accuracy, and it
may be incomplete or condensed. All opinions, projections and estimates constitute the judgment of the person providing the
information as of the date communicated by such person and are subject to change without notice. Prices also are subject to change
without notice.

With the exception of disclosure information regarding BofA, materials prepared by its trading desk analysts are based on publicly
available information. Facts and ideas in trading desk materials have not been reviewed by and may not reflect information known to
professionalsin other business areas of BofA, including investment banking personnel.

Neither BofA nor any officer or employee of BofA accepts any liability whatsoever for any direct, indirect or consequential damages
or losses arising from any use of this report or its contents.

To our U.K. clients: trading desk material has been produced by and for the primary benefit of a BofA trading desk. As such, we do
not hold out any such research (as defined by U.K. law) as being impartial in relation to the activities of this trading desk.

IMPORTANT CONFLICTS DISCLOSURES

Investors should be aware that BofA engages or may engage in the following activities, which present conflicts of interest:

= The person distributing trading desk material may have previously provided any ideas and strategies discussed in it to BofA’s traders,
who may already have acted on them.

=  BofA does and seeks to do business with the companies referred to in trading desk materials. BofA and its officers, directors, partners
and employees, including persons involved in the preparation or issuance of this report (subject to company policy), may from timeto
time maintain a long or short position in, or purchase or sell a position in, hold or act as market-makers or advisors, brokers or
commercial and/or investment bankers in relation to the products discussed in trading desk materials or in securities (or related
securities, financial products, options, warrants, rights or derivatives), of companies mentioned in trading desk materials or be
represented on the board of such companies. For securities or products recommended by a member of atrading desk in which BofA is
not a market maker, BofA usually provides bids and offers and may act as principa in connection with transactions involving such
securities or products. BofA may engage in these transactions in a manner that is inconsistent with or contrary to any
recommendations made in trading desk material.

=  Members of atrading desk are compensated based on, among other things, the profitability of BofA’s underwriting, sales and trading
activity in securities or products of the relevant asset class, its fixed income department and its overall profitability.

= The person who prepares trading desk material and his or her household members are not permitted to own the securities, products or
financial instruments mentioned.

= BofA, through different trading desks or its fixed income research department, may have issued, and may in the future issue, other
reports that are inconsistent with, and reach different conclusions from the information presented. Those reports reflect the different
assumptions, views and analytical methods of the persons who prepared them and BofA is under no obligation to bring them to the
attention of recipients of this communication.

This report is distributed in the U.S. by Banc of America Securities LLC, member NY SE, NASD and SIPC. This report is distributed
in Europe by Banc of America Securities Limited, a wholly owned subsidiary of Bank of America NA. It isamember of the London
Stock Exchange and is authorized and regulated by the Financia Services Authority.
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