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1 Summary

Two types of prepayment risk challenge the MBS investor: contraction and extension. Contraction risk arises as
prepayment increases, and extension risk occurs when prepayment decreases. Contraction risk had been the
dominating concern as the global fixed income market experienced a secular rally for 35 years.

Recently, after the financial crisis, mortgage rates had been dropping as the Federal Reserve acted to boost the
economy and ease the financial burden on American households. As the economy and housing price rebound has
been solidifying for the past several years, mortgage rates have risen to 4.6% recently from 3.5% in October. This
quick rise in rates, combined with several post-2008 refinancing waves, has squeezed the refinanceable (i.e., when
the current mortgage rate is more than 40 bps higher than the prevailing rate) portion of the mortgage universe
below 15%. Extension risk is now on the investor’s radar, and this requires a solid understanding of base
prepayment speeds. We present a detailed decomposition of base prepayment speed and specifications of our
new MSCI agency fixed rate base prepayment model.
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Base prepayment speed consists of housing turnover, cashout, and curtailment. (Rate/term refinance, albeit out-
of-money, and WAC dispersion, curve refinance, etc., will be discussed in detail in upcoming articles). The biggest
challenge for prepayment speed decomposition is that agencies do not disclose the reason behind the payoff. This
poses a great challenge for agency MBS research, and it demands innovative modeling techniques.
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2 Base Prepayment Model

2.1 Housing Turnover

Housing turnover is the biggest component of base prepayment speed. When a home is sold, the underlying
mortgage will be paid off. We created an algorithm to estimate housing turnover based on a newly originated
purchase loan, as a purchase transaction prompts a housing sale. For each month, a total prepayment speed is
reported, part of which is due to home sales. Meanwhile, agencies report the purchase percentage among the
entire new issuance. With a proper lagging adjustment, we can calculate the amount of paydown based on total
CPR, i.e., prepayment CPR due to housing turnover, and purchase percentage. The following exhibit shows the
implied housing turnover speeds, overlaid with Existing Home Sales. The housing turnover speeds have been
increasing steadily after the financial crisis, blessed by a strong housing price recovery and an economic rebound.

We estimate that the current housing turnover speed is 7.5 CPR.
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The same algorithm can be extended to build state-level housing turnover models. The exhibit below shows results
for several states: TX and FL are traditionally fast states; CA, NY, and PR are on the slower side. This leads to higher
values for TX and FL securities. PR pools usually trade at a high premium due to their robust convexity protection,
but it is the opposite, due to their slow base speeds, under a discount environment.

15.0
13.0
11.0 (" A
9.0 \ /\ /-\ f\ /VA\ N\ —cA
. f ——FL
AN 'V' ',AA V \\WV// & N
5.0 - o
l \ —PR
3.0 v N
1.0 1 ‘— N — 7/ r‘ \/ \_J Av VV —Us
J I\ VA "2 A =V A'A%l WA SV AR
_10 (] o on o o <t < < st Vo) LN ((o] (o] (o] [Ce] D~ [ DS | o0
. === = == H === = = = H \—l == == = = = =,
o O O O O O O O O O O O o o o o o o o o o o o o
N N N AN N NN NN N NN NN NN NN NN NN
B T T T T T T e T e T e T e T e T e T )
Ll = = = = D = D = D = D = = D = D = D = = D = D = D = D = D = D = L == D = L s D
O O O O O O O O O O O 0 0O 0o 0 0 0 0 0 0o 0o ©o o o
e e e T - T S e e e s
O OO &N on © O &N ;0 O OO AN M OV OO N M O OO N M O OO N oM
o O 4 O O O 4 O O O ¢« O O o 4 O o o +4« o o o «€ o

Source: Fannie Mae, Freddie Mac, MSCI

Housing turnover is driven by many factors:

e Age: Itis unlikely that borrowers will move shortly after purchasing a new home. We differentiate the age
ramp between purchase loans and refinance loans.
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e Seasonality: Housing turnover shows strong seasonality, mostly due to the school calendar. The following
exhibit shows the day-count-neutral seasonality for housing turnover.
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e Lock-in: Significantly higher prevailing mortgage rates will deter borrowers from moving.
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o Geo: Different states show very different housing turnover behaviors. TX and FL are traditionally faster
states; CA, NY, and PR are on the slower side. The following table lists the housing turnover multipliers for
different states.

State | Mult | State | Mult | State | Mult | State | Mult | State | Mult | State | Mult
AK 1.09 | GA 0.93 | MD 0.93 | NH 0.65 | SC 0.93 | WV 0.93
AL 1.08 | HI 1.09 | ME 0.65 | NJ 0.93 | SD 1.04 | WY 1.09
AR 1.08 | IA 1.04 | MI 1.04 | NM 1.09 | TN 1.08 | GU 0.61
AZ 1.09 | ID 1.09 | MN 1.04 | NV 1.09 | TX 1.18 | VI 0.61
CA 0.96 | IL 1.04 | MO 1.04 | NY 0.93 | US 1.02 | PR 0.61
co 1.09 | IN 1.04 | MS 1.08 | OH 1.04 | UT 1.09
CT 0.65 | KS 1.04 | MT 1.09 | OK 1.08 | VA 0.93
DC 0.93 | KY 1.08 | NC 0.93 | OR 1.09 | VT 0.65
DE 093 | LA 1.08 | ND 1.04 | PA 0.93 | WA 1.09
FL 1.12 | MA 0.65 | NE 1.04 | RI 0.65 | WI 1.04

Source: Fannie Mae, Freddie Mac, MSCI

e LTV: Higher mark-to-market LTV hinders the ability of borrowers to move, especially when their loans are

under water. We use the FHFA purchase-only housing price index for this purpose.
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HPA: There is a strong correlation between HPA and housing sales activity. When the housing market is
strong, home sales will be very active, with higher trade-up transactions. When the housing crisis hits
Main Street, turnover activity will suffer.
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Loan size: Lower loan size displays faster turnover, as lower loan size has a higher share of first-time
buyers, who are more likely to move again to a bigger house. We compute the loan size ratio with respect
to each geographic state’s average loan size to account for the housing price difference across different
states.
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Occupancy and property types: Second home and investor loans display slightly slower turnover than
owner-occupied loans. Borrowers in multi-unit housing tend to stay in the same home a bit longer than
those in single-unit housing.
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2.2 Cashout

Cashout activity has also been recovering toward the historical average level. The following exhibit shows the total
equity cashed out divided by the outstanding balance. We estimate that the cashout contributes about 2 CPR to
the current total base speed. Cashout activity is very sensitive to rising mortgage rates. As rates rise, borrowers will
choose to utilize other vehicles (HELOC or other closed-end home equity loans), rather than refinance the entire
primary mortgage. This creates extension risk on the cashout component.
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Cashout is driven by many factors:

e Age: Cashout ramps up very fast with controlled LTV, and it then tapers off in the back end, as the cashout
propensity burns out over time.

e Seasonality: Cashout activity tends to be higher during the holiday season and lower in the first quarter of

the year.
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Lock-in: Cashout has a strong lock-in effect, as borrowers can choose other borrowing options to tap into

their home equity more economically, rather than refinancing the entire mortgage to a higher prevailing

rate.
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HPA: Over time, strong HPA builds up home equity for the borrowers to extract. The following exhibit

shows a strong correlation between cashout activity and housing price appreciation
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e OLTV: Higher OLTV borrowers are more likely to extract home equity.
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e FICO: Mid-range FICO borrowers are more likely to tap into their home equity.
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2.3 Curtailment

Curtailment occurs when the borrower, motivated by faster equity building, makes a partial payment to bring
down the outstanding loan balance. Curtailment is a relatively stable and smaller component of the base
prepayment speed. Based on FH loan level data, we can compute roughly 0.5 CPR for 30yr and 1.7 CPR for 15yr.
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Age: Curtailment ramps up very quickly, as a large portion of the partial payment is due to biweekly
payments from the beginning, instead of monthly payments.
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e Seasonality: Curtailment shows higher activity around the tax refunds received in the spring.
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e Lock-in: Curtailment generally slows down when rates rise and the opportunity cost becomes high.
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e Purpose: Purchase loans are 3 times more likely to curtail than refinance loans.
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e OLTV: Lower OLTV loans make more partial payments than higher OLTV, as lower OLTV borrowers

generally have a stronger desire to build home equity.
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3 Base Prepayment Speed Decomposition

Putting all of the pieces together, the following graph shows the decomposition of the base prepayment speed
across different rate incentives. Overall, the total base prepayment speed drops to 6.4 CPR (120 bps out-of-the-
money) from 12 CPR (at-the-money). Cashout and rate/term refinance should be dampened quickly as rates rise,
while HT stays relatively stable for a mild rise in rates and starts to slow down when the disincentive becomes
significant. Curtailment is a relatively small and stable component, showing a moderate lock-in effect. The MSCI
Agency Prepayment Model captures these components separately. As the drivers for each component are very
different, it is critical to calibrate each component individually and accurately, so the model forecasts can navigate
through the ever-changing, multi-dimensional economic sphere.
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As 85% of mortgages are now in the discount space, and with the expectation of rising rates, extension risk has
been a major concern for investors. With our carefully calibrated prepayment model, we can ask how much
duration will extend when rates sell off. The following exhibit shows a comparison of empirical duration and MSCI
model duration across different moneyness (net coupon — current coupon), based on historical FNCL data since
2012. MSCI model duration tracks the empirical duration very closely. This market-implied information is a strong
testimony for our new agency prepayment model.
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NOTICE AND DISCLAIMER

This document and all of the information contained in it, including without limitation all text, data, graphs, charts (collectively, the “Information”) is the property of MSCI Inc. or its
subsidiaries (collectively, “MSCI”), or MSCI’s licensors, direct or indirect suppliers or any third party involved in making or compiling any Information (collectively, with MSCI, the
“Information Providers”) and is provided for informational purposes only. The Information may not be modified, reverse-engineered, reproduced or redisseminated in whole or in part
without prior written permission from MSCI.

The Information may not be used to create derivative works or to verify or correct other data or information. For example (but without limitation), the Information may not be used to
create indexes, databases, risk models, analytics, software, or in connection with the issuing, offering, sponsoring, managing or marketing of any securities, portfolios, financial products
or other investment vehicles utilizing or based on, linked to, tracking or otherwise derived from the Information or any other MSCI data, information, products or services.
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INFORMATION.
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not exclude or limit any liability that may not by applicable law be excluded or limited, including without limitation (as applicable), any liability for death or personal injury to the extent
that such injury results from the negligence or willful default of itself, its servants, agents or sub-contractors.

Information containing any historical information, data or analysis should not be taken as an indication or guarantee of any future performance, analysis, forecast or prediction. Past
performance does not guarantee future results.

The Information should not be relied on and is not a substitute for the skill, judgment and experience of the user, its management, employees, advisors and/or clients when making
investment and other business decisions. All Information is impersonal and not tailored to the needs of any person, entity or group of persons.

None of the Information constitutes an offer to sell (or a solicitation of an offer to buy), any security, financial product or other investment vehicle or any trading strategy.

It is not possible to invest directly in an index. Exposure to an asset class or trading strategy or other category represented by an index is only available through third party investable
instruments (if any) based on that index. MSCI does not issue, sponsor, endorse, market, offer, review or otherwise express any opinion regarding any fund, ETF, derivative or other
security, investment, financial product or trading strategy that is based on, linked to or seeks to provide an investment return related to the performance of any MSCI index (collectively,
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an investment adviser or fiduciary and MSCI makes no representation regarding the advisability of investing in any Index Linked Investments.

Index returns do not represent the results of actual trading of investible assets/securities. MSCI maintains and calculates indexes, but does not manage actual assets. Index returns do
not reflect payment of any sales charges or fees an investor may pay to purchase the securities underlying the index or Index Linked Investments. The imposition of these fees and
charges would cause the performance of an Index Linked Investment to be different from the MSCI index performance.

The Information may contain back tested data. Back-tested performance is not actual performance, but is hypothetical. There are frequently material differences between back tested
performance results and actual results subsequently achieved by any investment strategy.

Constituents of MSCI equity indexes are listed companies, which are included in or excluded from the indexes according to the application of the relevant index methodologies.
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