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TYPES OF DURATION: Start with Macaulay Duration

◦ The Macaulay duration is the weighted average term to maturity of the cash flows from a bond. .

◦ It is a measure of the time required for an investor to be repaid the bond’s price by the bond’s total cash flows.

◦ The Macaulay duration is measured in units of time (e.g., years).

◦ Macaulay duration is frequently used by portfolio managers who use an immunization strategy.

Where:
•ti – The time until the ith cash flow from the asset will be received
•PVi – The present value of the ith cash flow from the asset
•V – The present value of all cash flows from the asset

•Macauley duration is the point where
the weights ( cash flows) are in balance



TYPES OF DURATION: Modified Duration
◦ Relative to the Macaulay duration, the modified duration metric is a more precise 

measure of price sensitivity.

◦ The modified duration figure indicates the percentage change in the bond’s value 

given an X% interest rate change. Unlike the Macaulay duration, modified duration 

is measured in percentages.

◦ The modified duration is often considered as an extension of the Macaulay duration. 

It is supported by the following mathematical formula:

• YTM – The yield to maturity of a bond

• n – The frequency of compounding

◦



Duration and concepts of convexity
◦ Duration:

◦ Simplified:  modified duration gives an idea of how the price of a bond will be affected should interest rates change. A higher 
duration implies greater price volatility should rates move. Duration is quoted as the percentage change in price for each given
percent change in interest rates. For example, the price of a bond with a duration of 2 would be expected to increase (decline) 
by about 2.00% for each 1.00% move down (up) in rates.

◦ The duration of a bond is primarily affected by its coupon rate, yield, and remaining time to maturity. The duration of a bond 
will be higher the lower its coupon. Duration will be higher the lower its yield. Duration will also be higher the longer its
maturity.



What does it look like in Basis Point Value?

$1,000,000 Yield +- BPV 

1 year T 1.125% 1/31/2023 1 $   -103.91

-1 $   103.92

2 year T .125% 1/15/24 1 $   (193.86)

-1 $      198.20 

3 year T 1.125% 1/15/25 1 $   (292.58)

-1 $      292.68 

4 year T .375% 1/31/26 1 $   (382.18)

-1 $      382.35 

5 year T 1.50% 1/31/27 1 $   (483.41)

-1 $      483.67 



WHAT IS NEGATIVE CONVEXITY?
◦ Negative convexity exists when the shape of a bond's yield curve is concave. A bond's convexity 

is the rate of change of its duration, and it is measured as the second derivative of the bond's 

price with respect to its yield.

◦ For example, with a callable bond, as interest rates fall, the incentive for the issuer to call the 

bond at par increases; therefore, its price will not rise as quickly as the price of a non-callable 

bond. The price of a callable bond might actually drop as the likelihood that the bond will be 

called increases. This is why the shape of a callable bond's curve of price with respect to yield is 

concave or negatively convex.



TYPES OF DURATION: Effective Duration

◦ Effective duration is a measure of the duration for bonds with embedded options (e.g., callable bonds).

◦ Unlike the modified duration and Macaulay duration, effective duration considers fluctuations in the bond’s 

price movements relative to the changes in the bond’s yield to maturity (YTM). In other words, the measure 

takes into account possible fluctuations in the expected cash flows of a bond.

• V–Δy – The bond’s value if yield falls by y%

• V+Δy – The bond’s value if yield rises by y%

• V0 – The present value of all cash flows of the bond

• Δy – The yield change



IF RATES MOVE. BULLET VERSUS CALLABLE



CHANGES IN MARKET VALUE AS INTEREST RATES 
SHIFT ON A CALLABLE (OPTION) SECURITY

◦ 5 YEAR, NON CALL 1 YEAR, QUARTERLY CALLABLE ( BERMUDA CALL)

◦ FHLB 1.70% 1/27/2027, CALLABLE 1/27/23

◦ Purchase $1,000,000.00 face at par (100.00)

◦ Negative Convexity

5YR NONCALL 1YR QTRLY CALL Yield +/- GAIN/LOSS BPV 

FHLB 1.70% 1/27/27 (1/27/23) 50 $ (23,552.00) $  (471.04) 

-50 $      4,955.36 $    99.10 



FED FUNDS, 1 YR BILL, 2, 3, 5 YEAR TREASURY NOTES



Yields over time comparing 1’s, 2’s, 3’s, 5’s
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KEY TAKAWAYS:
◦ Stable duration over time will produce higher returns over time.

◦ Generally, a larger stable duration will outperform a lower duration over long time horizons.

◦ When explaining unrealized losses and or gains, the move up or down in portfolio market value 

is in direct proportion to changes in interest rates multiplied by the Duration and size of your 

portfolio. 

◦ Unrealized losses should be celebrated with a laddered portfolio as you will be reinvesting in a 

higher rate environment thereby increasing the returns/cashflows over time.  

◦ Opposite may be said for unrealized gains.  As higher yielding bonds mature, they will be 

reinvested into a lower rate environment thereby reducing the returns/cashflows over time. 

◦ Ever-changing interest rates introduce uncertainty in fixed-income investing. Duration and 

convexity let investors quantify this uncertainty, helping them manage their fixed-income 

portfolios.





Hubert White, III, CFA, CTP

Chief Investment Officer

City and County of San Francisco

CMTA President 
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Assessing & Adjusting 
Portfolio Liquidity

CA Government 
Code 53600.5

Objectives 

When investing, reinvesting, purchasing, acquiring, exchanging, selling, or 
managing public funds, the primary objective of a trustee shall be to 
safeguard the principal of the funds under its control. The secondary 
objective shall be to meet the liquidity needs of the depositor. The third 
objective shall be to achieve a return on the funds under its control.
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Assessing & Adjusting 
Portfolio Liquidity

The Importance of 
a Cash Forecast

Primary Objectives:
• Liquidity Management – having sufficient cash available to meet cash outflows. Matching an 

investment maturity to a known future cash disbursement immunizes the cash flow and reduces the 

liquidity risk in the portfolio. Theoretically, if all cash disbursements are matched to a portfolio 

security maturity, liquidity risk is mitigated. 

• Managing Costs – cash forecasting can help minimize excess bank balances and increase portfolio 

returns. Idle cash creates cash drag on an investment portfolio. The impact of cash drag is not 

readily visible and can be difficult to quantify.

Higher degree of portfolio cashflow certainty can translate into longer portfolio average maturity 

and portfolio durations.
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Assessing & Adjusting 
Portfolio Liquidity

Developing a 
Cash Forecast – A 
Dynamic Process 

• Examine historical data to identify seasonality/trends

• Gather information on future cash disbursements and cash receipts from the pool 
participants 

• Use statistical extrapolation to predict a pattern of future cash flows (i.e. Moving 
Average, Exponential Smoothing)

• Create a model incorporating all cash disbursement, cash receipt, and portfolio 
information

• Update model as new information becomes available
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Assessing & Adjusting Portfolio Liquidity

City & County of San Francisco – End of Month Balances
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Assessing & Adjusting Portfolio Liquidity

CCSF Pooled Fund – Month to Month Portfolio Change
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Assessing & Adjusting Portfolio Liquidity

FORECASTING EXAMPLE – 6 Month Moving Average
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Assessing & Adjusting Portfolio Liquidity

CCSF TTX Historic Revenues – Developing a Forecast
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Assessing & Adjusting Portfolio Liquidity

Developing a Forecast – Assuming Normal Cash Inflows
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Assessing & Adjusting Portfolio Liquidity

Developing a Forecast – Assuming Zero Cash Inflows
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Assessing & Adjusting Portfolio Liquidity

Daily Cash Projection
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Assessing & Adjusting Portfolio Liquidity

Cash Forecast
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Assessing & Adjusting Portfolio Liquidity

CCSF Cash Flow Schedule By Day
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Assessing & Adjusting Portfolio Liquidity

Determining An Optimal Portfolio Duration – ALM Flow Selection
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Assessing & Adjusting Portfolio Liquidity

Determining An Optimal Portfolio Duration Model 
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Assessing & Adjusting 
Portfolio Liquidity

Mental & Visual 
Break
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Assessing & Adjusting 
Portfolio Liquidity

Short-Term Fixed 
Income Market 
Liquidity Options

Repurchase 

Agreements

Money Market 

Funds 

US Treasury 

Bills

Federal 

Agency 

Discount Notes

Commercial 

Paper

Certificates of 

Deposit / 

Yankee CDs
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Assessing & Adjusting 
Portfolio Liquidity

Repurchase 
Agreements

• Secured loan with collateral for a specified term and an agreed upon rate

• Counterparty is usually a bank or a broker-dealer

• Rate is based on the counterparty, the term of the repo, and the collateral 
backing it

• Deliverable versus Tri-Party

• Customizable to fit investor needs

• Illiquid, no secondary market
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Assessing & Adjusting 
Portfolio Liquidity

Repurchase 
Agreements

SIFMA  (Securities Industry and Financial Markets Association) –

www.sifma.org

Master Repurchase Agreement (MRA)

Last updated September 1, 1996

An agreement for use when parties may enter into transactions in which one 

party (a “Seller”) agrees to transfer to the other (a “Buyer”) securities or 

other assets against the transfer of funds by the Buyer, with a simultaneous 

agreement by the Buyer to transfer to the Seller such securities at a date 

certain or on demand, against the transfer of funds by the Seller.
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Assessing & Adjusting 
Portfolio Liquidity

Master 
Repurchase 
Agreements
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Assessing & Adjusting 
Portfolio Liquidity

Custodial 
Undertaking –
Tri-Party Repo
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Assessing & Adjusting Portfolio Liquidity

BONY Custodial Undertaking Schedule I
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Assessing & Adjusting Portfolio Liquidity

Repurchase Agreement Outstanding Balances

$500,000

$1,000,000

$1,500,000

$2,000,000

$2,500,000

$3,000,000

12/15/2004 11/30/2005 11/15/2006 10/31/2007 10/15/2008 9/30/2009 9/15/2010 8/31/2011 8/15/2012 7/31/2013 7/16/2014 7/1/2015 6/15/2016 5/31/2017 5/16/2018 5/1/2019 04/15/2020 03/31/2021

overnight and continuing term



40

Assessing & Adjusting 
Portfolio Liquidity

Money Market 
Funds - Overview

• Per CA Government code, a money market fund must either attain the 
highest ranking by not less than two NRSROs or retain an investment 
advisor registered or exempt from registration with the SEC with not 
less than 5 years experience managing money market mutual funds 
with AUM in excess of $500 million.

• US Treasury and Government Money Market Funds can use amortized 
investment accounting and trade at a stable NAV of $1.00
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Assessing & Adjusting 
Portfolio Liquidity

Money Market 
Funds – Overview 
(continued)

• Institutional Prime Money Market Funds have floating NAVs, can be 
subject to liquidity fees and redemption gates

• Provide same day liquidity

• Transactions can be executed over the telephone, online, or on a portal

• Increased transparency into holdings/risk exposures

• Prospectus/Statement of Additional Information

• Different Share Classes/Expense Ratios

• Pays monthly interest
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Assessing & Adjusting 
Portfolio Liquidity

Money Market Funds –
Institutional Prime 
Funds & Floating NAVs

• Offers same day liquidity with some funds offering intra-day liquidity

• Most funds have multiple NAV strike times (4 decimals) with as many 
three times a day

• Subject to gates and fees

• Due diligence – monitoring daily and weekly liquidity, % of fund held, 
and fund composition (i.e. country exposure, asset allocation)
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Assessing & Adjusting Portfolio Liquidity

Money Market Funds – Last Changes to Rule 2(a)-7 By SEC
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Assessing & Adjusting Portfolio Liquidity

Money Market Funds – Institutional Prime vs. Government 

Source: iMoneyNet as of 12/31/2021
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Assessing & Adjusting Portfolio Liquidity

Money Market Funds – Institutional Prime vs. Government 
Yield Spread Difference
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Assessing & Adjusting 
Portfolio Liquidity

US Treasury Bills -
Overview

• Issued for terms of 4, 8, 13, 26 and 52 weeks. Cash management bills 
are periodically issued for short periods

• Bills, except cash management bills, are auctioned on a regular 
schedule – 4, 8, 13, & 26 week bills auctioned every week, 52 week 
bill every 4 weeks

• Bids are submitted as either competitive or noncompetitive

• Sold at a discount rate, Act/360 basis
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Assessing & Adjusting 
Portfolio Liquidity

US Treasury Bills –
Credit & Liquidity

• Guaranteed by the full faith and credit of the United States

• Highly liquid

• Bid/ask spread very tight – at or less than 1 basis point

• www.treasurydirect.gov
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Assessing & Adjusting Portfolio Liquidity

US Treasury Bills – Amount Outstanding
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Assessing & Adjusting 
Portfolio Liquidity

Federal Agency 
Discount Notes -
Overview

• US Dollar-denominated unsecured general obligation with a maturity less 
than 365 days

• Federal Farm Credit Bank (FFCB), Federal Home Loan Banks (FHLB), Federal 
Home Loan Mortgage Corp (FHLMC), Federal National Mortgage 
Association (FNMA), Federal Agricultural Mortgage Corp (FAMCA), 
Tennessee Valley Authority (TVA), International Bank for Reconstruction and 
Development (IBRD), International Finance Corporation (IFC), Inter-American 
Development Bank (IADB)

• Not a mortgage-backed security – no collateral backing issuance

• Quoted on a discount basis/Act/360  (same as T-Bills)

• In the market daily with date flexibility

• Open for reverse inquiry
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Assessing & Adjusting 
Portfolio Liquidity

Federal Agency 
Discount Notes –
Credit & Liquidity

• High degree of safety – Very low degree of default risk

• High degree of liquidity

• Bid/ask spread usually very tight – 0.5 to 2 bps
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Assessing & Adjusting Portfolio Liquidity

Federal Agency Discount Notes – Information Matrix



52

Assessing & Adjusting Portfolio Liquidity

Federal Issuance – Discount Notes
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Assessing & Adjusting 
Portfolio Liquidity

Commercial Paper 
- Overview

• Short-term unsecured promissory note

• Issuing corporation must be organized and operating in the US, have assets in 
excess of $500 million, and debt other than CP rated “A”

• Asset backed commercial paper must be organized as a special purpose 
corporation, trust, or LLC within the US, have program wide credit enhancements, 
and has CP rated “A-1” or higher by a NRSRO

• Maturities range from 1 day to a max of 270 days

• Minimum ratings must be the highest letter and number by an NRSRO

• Sold both at a discount or as interest bearing

• Offered direct or through a broker/dealer 

• 3(a)3 versus 4(2) 144a

• Issued direct or by Authorized Program Dealers
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Assessing & Adjusting Portfolio Liquidity

Commercial Paper – Historical US Market Outstandings



55

Assessing & Adjusting 
Portfolio Liquidity

Negotiable Certificates 
of Deposit / Yankee 
CDs

• Certificate of Deposit with a minimum face value of $100,000 by 
Banks

• Cannot be cashed in before maturity but are traded in the highly liquid 
secondary market

• Issued with maturities ranging from 2 weeks to 5 years

• Flexible maturity dates/reverse inquiry

• Issued at par in both fixed and floating rate structures

• A Yankee CD is a negotiable CD issued by a domestic branch of a 
foreign bank
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Assessing & Adjusting 
Portfolio Liquidity

Negotiable Certificates 
of Deposit / Yankee 
CDs
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FINRA – Financial Industry 
Regulatory Authority
• www.finra.org

• Dedicated to investor protection and market integrity 
through effective regulation of broker-dealers

• A not-for-profit authorized by Congress

• Great resource for market and broker-dealer 
information

• Has authority to fine, suspend, or bar brokers for rule 
infractions

http://www.finra.org/
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Assessing & Adjusting 
Portfolio Liquidity

FINRA – Financial 
Industry Regulatory 
Authority

FINRA Mission

• Writing and enforcing rules governing the activities of 3,700 broker-
dealers with 634,000 brokers

• Examining firms for compliance with those rules

• Fostering market transparency

• Educating investors
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Assessing & Adjusting Portfolio Liquidity

FINRA | www.finra.org |Tools, Calculators, Market Data 
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Assessing & Adjusting Portfolio Liquidity

FINRA | www.finra.org |Tools, Calculators, Market Data 
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Assessing & Adjusting Portfolio Liquidity

FINRA | Price Transparency
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Assessing & Adjusting Portfolio Liquidity

FINRA | Price Transparency
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Questions? 

Don Collins

Vice President of Capital Markets 

Wedbush Securities

Don.Collins@wedbush.com | (866) 579-2871

Hubie White, CFA, CTP

Chief Investment Officer

City and County of San Francisco

Hubert.White@sfgov.org | 415-554-4776



We look forward to your participation in the next 

webinar in this series:

Cash Flow and Cash Flow Forecasting 

THANK YOU
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