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R at Wealthfront
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§ We love R!
§ Statistical computing
§ 4 years of use at Wealthfront
§ Portfolio analytics, 

covariance estimation, 
optimization, …

PerformanceAnaly9cs,	  	  
xts,	  

blo=er,	  
fPor>olio,	  
quadprog,	  
quantmod,	  

tes=hat,	  
ggplot2,	  

lubridate,	  
MASS,	  
plyr,	  

9meDate,	  
9meSeries,	  

zoo,	  
…	  
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Improve After-Tax Return 
Using Tax-Loss Harvesting
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Salary	  

Employee	  
stock	  

Rental	  income	  

Angel	  
inves9ng	  

Spouse	  
investment	  

Investment	  
account	  

Investment	  
account	  

Other	  

Ordinary income
Capital gain
Capital loss

Tax 

Realize 
capital 
losses to 
offset other 
capital gains
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Begin by buying 100
shares of a stock (say 
WAG) at $65 per share in a 
taxable investment account.

Tax-Loss Harvesting: Example (1/4)
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2008 2009

Example data from one stock during this period. Not representative of your results.

WAG

$65 
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If the price drops to $41
(below $65 cost basis), 
sell and harvest the loss
of $24 per share.

6

2008 2009

Example data from one stock during this period. Not representative of your results.

$24 harvest

$41 

Tax-Loss Harvesting: Example (2/4)

WAG

$65 
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2008 2009

Example data from one stock during this period. Not representative of your results.

Tax-Loss Harvesting: Example (3/4)

$76 Now buy a different replacement
stock (say CVS) to maintain 
similar portfolio characteristics

CVS

§  Replace original stock with similar, but not identical, 
replacement stock

§  Maintain same risk / return portfolio profile

WAG
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* The tax benefit assumes that you can take advantage of the full credit.
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$65 $24 $41 – 100 = x = $2,400 51% x

Cost Basis Current Price Loss / Share # of Shares Total Loss Tax Rate

Tax Benefit: $1,224*

Tax-Loss Harvesting: Example (4/4)
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Stock-level Harvesting: Math (1/2)
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Maximize
        Tax alpha – Tracking error^2
Subject to

Long-only portfolio
Portfolio weights <= max weight parameter
|Portfolio weights – benchmark weights| <= drift parameter
Do not trade stocks in wash sale window
Exclude zero or more stocks



©2014	  Wealthfront,	  Inc.	  

Stock-level Harvesting: Math (2/2)

max	  w	  	  	  αT(w-‐w0)	  -‐	  (w-‐b)T	  Σ	  (w-‐b)	  λ	  /2	  	  	  	  	  	   	  =	  tax	  alpha	  –	  tracking	  error	  ^	  2	  
s.t.	  	  	  	  	  	  	  	  	  wT1	  =	  1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  weights	  add	  up	  to	  1	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  <=	  wi	  <=	  5%	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  for	  each	  stock	  i;	  long	  only	  and	  diversifica9on	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐1%	  <=	  wi	  -‐	  bi<=	  1%	  	  	  	  	  for	  each	  stock	  i;	  driY	  control	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  wj	  –	  w0j	  <=	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  for	  each	  stock	  j	  in	  Us	  =>	  sell	  trades	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  wj	  –	  w0j	  >=	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  for	  each	  stock	  j	  in	  Ub	  	  =>	  buy	  trades	  

Nota4ons	  
-‐  Unknown	  variable	  to	  be	  solved	  

-‐  w	  :	  target	  por>olio	  weights	  (Nx1)	  
-‐  Known	  informa9on	  

-‐  b	  :	  benchmark	  por>olio	  weights	  (Nx1)	  
-‐  w0	  :	  current	  por>olio	  weights	  (Nx1)	  
-‐  α	  :	  one-‐sided	  tax	  alpha	  for	  each	  stock	  (Nx1)	  
-‐  Σ	  :	  Covariance	  matrix	  (NxN)	  
-‐  λ	  :	  focus	  on	  tracking	  error	  

9
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Stock-level Harvesting: R
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§  Strategy simulation (daily)
§  Asset allocation
§  Covariance matrix estimation
§  Optimization
§  Lot-level execution simulation
§  Portfolio analytics

§  Designed for extension
§  Simulate any equity index
§  Flexible stock exclusions
§  Enhance portfolio and risk analytics
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Historical: After tax return

12

-‐50.00%	  

-‐40.00%	  

-‐30.00%	  

-‐20.00%	  

-‐10.00%	  

0.00%	  

10.00%	  

20.00%	  

30.00%	  

40.00%	  

WF500	  

SPY	  

After-tax return = S&P500 after-tax return + tracking difference + tax alpha
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Next Steps: Scaling R
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§  Scale R simulations in cloud
§ Millions of simulations per day
§ Few hour turnaround
§ Large data sets (many GB)
§ On-demand capacity

§  Exchange data with other languages



Thank you
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Disclosure
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Nothing in this presentation should be construed as a solicitation or offer, or recommendation, to buy or sell any security. Financial advisory services are only 
provided to investors who become Wealthfront clients pursuant to a written agreement, which investors are urged to read and carefully consider in 
determining whether such agreement is suitable for their individual facts and circumstances. Past performance is no guarantee of future results, and any 
hypothetical returns, expected returns, or probability projections may not reflect actual future performance.  Potential investors should review Wealthfront’s 
website for additional information about advisory services.  Wealthfront Inc. is an SEC registered investment advisor.   For more information please visit 
www.wealthfront.com

This presentation was prepared to support the marketing of Wealthfront’s investment products, as well as to explain its tax-loss harvesting strategies. This 
presentation is not intended as tax advice, and Wealthfront does not represent in any manner that the tax consequences described herein will be obtained or 
that Wealthfront’s tax-loss harvesting strategies, or any of its products and/or services, will result in any particular tax consequence. The tax consequences of 
the tax-loss harvesting strategy and other strategies that Wealthfront may pursue are complex and uncertain and may be challenged by the IRS. This white 
paper was not prepared to be used, and it cannot be used, by any investor to avoid penalties or interest.

Prospective investors should confer with their personal tax advisors regarding the tax consequences of investing with Wealthfront and engaging in these tax 
strategies, based on their particular circumstances. Investors and their personal tax advisors are responsible for how the transactions conducted in an 
account are reported to the IRS or any other taxing authority on the investor’s personal tax returns. Wealthfront assumes no responsibility for the tax 
consequences to any investor of any transaction.  Actual investors on Wealthfront may experience different results from the results shown. There is a potential 
for loss as well as gain that is not reflected in the hypothetical information portrayed. The advertised performance results shown do not represent the results 
of actual trading using client assets but were achieved by means of the retroactive application of a model designed with the benefit of hindsight.  When 
Wealthfront says it replaces investments with “similar” investments as part of the tax-loss harvesting strategy, it is a reference to investments that are 
expected, but are not guaranteed, to perform similarly and that might lower an investor’s tax bill while maintaining a similar expected risk and return on the 
investor’s portfolio. Expected returns and risk characteristics are no guarantee of actual performance.

The chart on page 12 showing potential after tax returns (“Historical: After tax return”) from the tax-loss harvesting strategies are historical simulated returns 
based on backtesting and do not rely on actual trading using client assets. The results are hypothetical only. Several processes, assumptions and data 
sources were used to create one possible approximations of how Wealthfront’s tax-loss harvesting strategy might have benefited investors in the past, and a 
different methodology may have resulted in different outcomes. These results were achieved by means of the retroactive application of a model designed with 
the benefit of hindsight. The results of the historical simulations are intended to be used to help explain possible benefits of the tax-loss harvesting strategy 
and should not be relied upon for predicting future performance.

While the data used for its simulations are from sources that Wealthfront believes are reliable, the results represent Wealthfront’s opinion only. The return 
information uses or includes information compiled from third-party sources, including independent market quotations and index information. Wealthfront 
believes the third-party information comes from reliable sources, but Wealthfront does not guarantee the accuracy of the information and may receive 
incorrect information from third-party providers. Unless otherwise indicated, the information has been prepared by Wealthfront and has not been reviewed, 
compiled or audited by any independent third-party or public accountant. Wealthfront does not control the composition of the market indices or fund 
information used for its calculations, and a change in this information could affect the results shown.



