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Motivation

• The recent implosion of the FTX cryptocurrency exchange has reminded investors 
that there are two kinds of risk. 

– There are always elements of both market risks and operational risks to every 
investment process. 

– The economic loss due to operational risks are greatly minimized through organized 
securities exchanges whose transactional integrity is guaranteed through a clearing 
operation that is independently capitalized. 

• The general solvency of financial institutions has been de facto supported by 
governments and central banks as in the “bailouts” of the Global Financial Crisis of 
2007-2009, 

– However, investor losses associated with the collapse of Lehman Brothers and other 
financial institutions during the GFC were certainly substantial.

– SEC Act of 1934 Rule 15c3-1, CFTC Rule 1.17(a)1(i) are relevant for investors
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Investor Joint Risk

• There are several common investment situations such as “over the counter” 
derivatives and digital assets where calculations of financial risk assessments 
where the joint consideration of market risk and counterparty risk is necessary, and 
often required by regulation (e.g. Counterparty Valuation Adjustments in banking).

• In this presentation we will provide a computational framework to combine market 
risk and operational risks into a single numeric magnitude to be used in risk 
assessment and decomposition. 

• We will illustrate the methodology using the example of the digital asset token 
called a “stablecoin” that were designed to have fixed dollar values (i.e. no market 
risk) but where design flaws in their financial engineering amplified operational 
risks to the point of widespread collapse.
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FTX and Archegos Are Reminders of Lehman Bros. 

• Since the GFC there have been many “counterparty” risk incidents where the 
stability of financial institutions has been brought into question. 

– Collapse of cryptocurrency exchange FTX and numerous other “operational risk events” 
(theft by hackers, lost passwords) impacting digital assets

– Not including FTX, theft losses increased from $1.7B in 2017 to $3.8B in 2022

• In 2021, the prime broker units of Credit Suisse, Nomura, Morgan Stanley, UBS and 
Goldman Sachs lost an aggregate of approximately $11 Billion dollars on failed 
margin calls for “swaps” with the Archegos fund.  

– About $5.5 Billion was lost by Credit Suisse whose future as a prominent global bank is 
very much in doubt.  

– The prime broker unit of CS was a Northfield client from 2007 to 2014 (including the 
GFC), having suffered zero losses on “contingent market risks”. 

– The terms of OTC derivatives are still largely unregulated, and so are often subject to 
CVA rules 
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Basic Framework for Joint Risk Estimation

• Our framework assumes that there are 2 to N states of the world
– The predominant state with probability P1 is one where there is market risk on financial 

asset but no relevant “operational risk” events occur
– In another state of the world with probability P2 market risk is unchanged, but there is 

an “operational risk event” (e.g. theft) that endangers investor assets. 

• There may be situations where the two risk sources reinforce each other
– A third state with probability P3 where market risk events spillover and cause an 

operational risk event, such as January 2021 when retail broker Robinhood had to 
restrict client trading in fifty stocks (e.g. Game Stop) because they could not meet SEC 
capital requirements for normal operation. 

– A fourth state with probability P4 where an operational risk event triggers a large 
market risk event, such as the October 1987 market crash that became much worse 
when “dot matrix printers” on the floor of NYSE could not keep up with the flow of 
orders. 
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Normal Mixture Distributions

• Within each state, we will assume that the distribution of return outcomes is 
normal, with an estimated mean and standard deviation. 

• For each state we need to assume a probability value along with the parameters of 
the outcome distribution.  

– This process is like estimating the probability of default for a bond or the bankruptcy of 
a company. 

– If nothing bad happens, we have our usual risk assessment process. 
– There is a finite probability of default (PD) and a conditional distribution of losses the 

investor might experience (Loss Given Default)

• Combining multiple normal distributions is algebraically tractable
– See fm.dvi (princeton.edu) for derivation and details covering both independent and 

correlated states
– Robertson and Fryer (1969) 

http://assets.press.princeton.edu/chapters/s10259.pdf
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Four Lines to Mix N Normal Distributions

υ =  Σ(i=1 to n) [pi υi]

σ2 = Σ(i=1 to n) [pi (σi
2 + pi

2) – υ2]

skew = (1/ σ3) Σ(i=1 to n) pi (υi-υ)[3σi
2 + (υi-υ)2]

kurt =(1/ σ4) Σ(i=1 to n) pi [3σi
4 + 6 (υi-υ)2σi

2 + = (υi-υ)4]
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Edgeworth Expansions and CF

• The mixture distribution process will generally result in an oddly shaped 
distribution with four moments

– For an intuitive solution for investors, we will now convert the four-moment distribution 
to the “closest economically equivalent” normal distribution.  

• We will use the method of Cornish and Fisher (1938) that is a set of Hermite 
polynomials in the class of Edgeworth expansions

– Similar to “Taylor Series” from introductory calculus
– Widely used in financial risk assessment for measures like VaR and CVaR to account for 

non-normal distributions
– CF functions are not monotonic, so several papers such as Chernozuckov, Fernandez-Val, 

and Galichon (2009), and Martin and Arora (2017) propose smoothing enhancements.
– See Cornish–Fisher expansion – Wikipedia for algebraic expressions 

https://en.wikipedia.org/wiki/Cornish%E2%80%93Fisher_expansion
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Cornish Fisher Illustrated 

• Assume a normal distribution with mean 10 and variance 25
– The 95th percentile value (upper tail) is about 18.22
– 95th percentile lower tail is widely used in financial regulation (e.g. VaR) 

• Assume a non-normal distribution coming out of mixture process
– Mean 10, variance 25 (standard deviation = 5), skew 5, excess kurtosis 2
– Since both skew and excess kurtosis are positive, we would expect that the upper tail of 

the distribution to be “fatter” meaning that the 95th percentile value would be greater, 
which it is at about 22.78. 

• We can also work the process backward to compute an adjusted value of variance that 
would give 22.78 as the 95th percentile of a normal for mean 10.  

CF Normal Variance = ((22.78-10)/1.645)2 = 60.35 
CF Normal Standard deviation = 60.35.5 = 7.77
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A Crypto Example of Joint Risk

• An illustration of assessment of joint market and operational risk is presented in 
Blackburn, diBartolomeo, and Zieff (2022).

– Published at Assessment of Cryptocurrency Risk for Institutional Investors - GCARD 
(jpmcc-gcard.com)

• The presumed volatility of a digital asset (e.g. Bitcoin) is 5% per trading day (about 
80% per year), with an expected return of .1% per day.  

– We assume LGD at an 80% loss with confidence interval of 3%
– If the daily probability of event loss (PD) is .0001 (once in roughly 40 years), the joint 

volatility is 5.07%
– If PD = .001 (once in 4 years) the daily joint volatility increases to 9.08% (about 144% 

per year) 
– A realistic daily PD for crypto theft losses only is about .00003 based on observations 

from 2017 through 2022, so theft alone is a small effect on daily volatility or VaR

https://www.jpmcc-gcard.com/gcard-article/assessment-of-cryptocurrency-risk-for-institutional-investors/
https://www.jpmcc-gcard.com/gcard-article/assessment-of-cryptocurrency-risk-for-institutional-investors/
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Stablecoins and FTX

• While investigations are still ongoing there is considerable evidence that what 
collapsed “house of cards” in operation at FTX, was a massive reduction in the 
value of a digital asset known as a “stable coin”, which FTX asserted which 
comprised large portion of the firm’s capital. 

• When the stable coin fell in value, FTX clients could clearly see the situation via 
analysis of public blockchains, triggering a “run on the bank”. 

• This is curious as “stable coins” were designed to be a digital asset with a fixed 
dollar value, having no market risk in the same way that conventional investors 
would view a money market fund. 

• Standard and Poor’s is working on a stablecoin rating process.   
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Stablecoin Design #1

• Three basic designs have been utilized to try to create a digital asset with no 
market risk and hence a stable value in fiat currency (e.g. US$)

• The first is for a custodian to hold traditional assets (cash in fiat currency, gold, 
government bonds) as a capital reserve.

– This is similar to the means by which regulated entities like banks and broker dealers 
can ensure solvency of customer accounts, especially cash balances. 

– In some jurisdictions banks can still issue own paper currency (Scotland, HK)
– However, in the crypto world there is no regulation (or transparency) of what traditional 

assets are acceptable or how large the reserves must be.  
– Gary Gorton (Yale) was among the first to express concern about the quality and 

quantity of capital reserves.   An analysis appears in Taming Wildcat Stablecoins by 
Gary B. Gorton, Jeffery Zhang :: SSRN

• One can apply our joint risk framework to estimate PD and LGD given information on the 
nature and level of capital reserves. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3888752
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3888752
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Stablecoin Design #2

• The second type of stablecoin design is similar to the first, except that the assets 
held as capital reserves (collateral value) are other digital assets (e.g. Bitcoin, 
Ether, other stablecoins) 

– The purported benefit of this design is that due to the public nature of blockchain 
transactions, the amount and nature of collateral assets should be transparent.  

– Some stablecoins claim to be overcollateralized, with more than $1 of digital assets for 
each $1 stablecoin issued.  

– If we estimate volatility of the digital assets held as reserves, we can compute capital 
adequacy along the lines of the SEC net capital rule for broker-dealers, but no rules 
exist in the US or most other countries as to how much capital is sufficient

– Again, we can compute PD and LGD in the somewhat unusual circumstance of market 
risk being assumed very small but operational risk being dominant. 
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Stablecoin Design #3

• The last category of stablecoin is the so-called “algorithmic” coin.  
– In this case, the issuer creates two stablecoins, with linked values. 
– The original “Terra” was legally convertible to one US$ worth of Luna irrespective of the 

current price of Luna in US$, wherein unlimited numbers of new units of Luna can be 
created on demand. If the market price of Luna is above one US dollar, the price of Terra 
should be stable.  

– If the market price of Luna goes below one US$, the whole process will collapse which 
it did. 

• A revised version of the process Terra/Luna 2.0 was launched May 27th, 2022, with 
a launch price of around $4.81

– It traded at high of $9.24 on May 29th, then crashed to around $2 about a week later.  
– Since then, the Terra/Luna (2.0) has traded in a narrow range around $2
– The stability of this design requires external capital reserves be involved, so again we 

can estimate PD, LGD and investor risk measures.   



www.northinfo.com Slide 15

Conclusions

• In almost every action undertaken by an investor to hold an asset, a variety of 
financial intermediaries, such as custodians, brokers, and exchanges are involved. 

– Each of the efforts involves some risk that standard processes to ensure the integrity 
and accuracy of transactions and ownership records may fail, but such risks are small 
due to the presence of capitalized clearing agents. 

• A wide variety of common financial structures such as margin accounts, and “over 
the counter” derivatives involve non-negligible operational risks so assessments of 
investment portfolio risk need to be inclusive.

– We have presented a framework for joint assessment of operational and market risk for 
financial assets. 

– We have illustrated the process with examples from the realm of digital assets where 
recent experience has shown the clear necessity.   


	Joint Consideration of Market Risk �and Operational Risks�
	Motivation
	 Investor Joint Risk
	 FTX and Archegos Are Reminders of Lehman Bros. 
	Basic Framework for Joint Risk Estimation
	Normal Mixture Distributions
	Four Lines to Mix N Normal Distributions
	Edgeworth Expansions and CF
	 Cornish Fisher Illustrated 
	A Crypto Example of Joint Risk
	Stablecoins and FTX
	Stablecoin Design #1	
	Stablecoin Design #2
	Stablecoin Design #3		
	Conclusions	


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



