Module 7.4

Static Risk Management

Stocks

Central Finance Concepts

= Dividend discount models

= Practical consideration for rates of return

= Sample statistics
= SRMs and the LSC model
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N-Stage DDM and SRMs

= More variables to shock with NDDM

= Generality of the NDDM affords the capacity
to incorporate analysts’ viewpoints within the

SRMs

= Apply SRMs to present value of expected

dividends function

v © Financial Risk Management, LLC
FE S

5

Overview

= Explore static risk measures applications
with various stock valuation models

= Review technical details of return
calculations

= Identify sample statistics and related R
code applied to stock data
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Gordon DDM and SRMs

= Gordon dividend discount model
= Changes in the investor’s required rate of return

= First and second derivatives with respect to the
assumed discount rate

= Estimate the modified stock duration, the
Macaulay stock duration, and standard stock
convexity

= Similar analysis with respect to growth rate
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Rates of Return

= GIPS compliance
“2.A.1 TOTAL RETURNS MUST be used.
2.4.2 FIRMS MUST calculate TIME-WEIGHTED RATES OF RETURN that adjust for EXTERNAL
CASH FLOWS. Both periodic and sub-period returns MUST be geomeirically LINKED. .
2.4.6 COMPOSITE returns MUST be 1 by a: hting the i PORTFO][OH.IIH ns|
using beginning-of-period mlucs or a method //mIlLﬂch both bngmmng ufpulud\u/um and
EXTERNAL CASH FLOWS.”

= Review basic statistics
= SRM and the LSC model
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Quantitative Finance Materials

= SRMs and DDMs
= LSC model applied to PVD
= Technical review of RoRs

= HPR stock statistics with illustrations
using rolling data

= SRMs and the LSC model
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Influence of Growth

= Modified duration (g):

ModDurg; =— al !

Vi 0g (1+g)(k—g)
= Macaulay duration (g):
1+k

MacDurgg = ModDurg (I + k) = m
gN\k=8

= Convexity (g):

19° 2(1+k)
Convexityg,=——=3=—" ")
nmexnjng VS gz (]+g)(k_g)2
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DDM with CAPM

= CAPM:k=r+ B[ E(r,)~r]=r(1-B) + (1)
«Valuation: v,=—— 2ol*e)
r(1=B)+BE(r,)-g R

=Modified duration (r): MedDur, =-3-2 20 =1—

LV, _2(1-p)

= Convexity (r): Comexivr =355 == %
=HPR:x.. _Y —‘Vs

Vs Wi pgs L[ OV g, L[V,
=G zv(a i {5 e

1
=—ModDurryAk — ModDurg Ag + Ec(;m exityryAr’ + ElevexirygsAgz
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Gordon DDM and SRM

= Gordon dividend discount model:

V.= Dy(1+g)
. S ks
= Modified duration (k):
Ly, 1
ModDurkszfva—k—k 2
= Macaulay duration (k):
MacDurkg = ModDurkg(1+ k)= /l:rfk
- .ConveXIty( ) Convexitykg _LG_V_ 2 5
% Vs 0k (k-g)
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HPRs and SRMs

=Based on Taylor Series

P
Vs 11(2%, , 1 1(2%, 2
Ag+——| —2 A +—— S 1Ag?
(Bg] R+2‘/.s(ak‘) 2V\(332 ]Ag

s =
=—ModDurk,Ak — ModDurg Ag + %Convexiryk\Akz + %Convexiryg\Agz

n

1 (v,
2D Ak
V\(ak) A
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N-Stage DDM (Review)

= Stub: suw=n. ie#;M‘

4=1

Vs = Stub + Series + Final
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= Series: |
Y an N[ g S le[“J
Series=D_e = = } () 1 A | et 4y
eries=D_,e Z{[Ha [ +e ™y +] T
= Final:
msm [ fAe) | hide(2) . fusell) !
Final=D_e [H Jisi ][ AT | QIebT2) . pluaell +1:|e(/"”"‘)7l
= Value:
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N-Stage DDM and SRM

= Numerical derivatives of underlying
parameters
= LSC application of forward rates

= Potential LSC application of growth rates
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LSC Model of PVD

= LSC parameters and numerical

derivatives N
PYD,=3x, [,
j=0

T
i

= Allows time series analysis of changing
parameters
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E s —1,/s T /s, .
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Calculating Rates of Return

= Global Investment Performance
Standards (GIPS)

“2.4.1 TOTAL RETURNS MUST be used.

2.4.2 FIRMS MUST calculate TIME-WEIGHTED RATES OF RETURN that adjust for EXTERNAL
CASH FLOWS. Both periodic and sub-period returns MUST be geometrically LINKED. ...

2.4.6 COMPOSITE returns MUST be calculated by asset-weighting the individual PORTFOLIO returns)
using beginning-of-period values or a method that reflects both beginning-of-period values and
EXTERNAL CASH FLOWS.”

= Interim Rate of Return

EMV + Inc — BMV
BMV

IRoR =

.
= !l
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Averaging Methods

= Arithmetic Average: - Z‘R’

n

i
= Geometric Average: RGE[H(HR,)] -1

=1

EUE[ - (1+R,)]”—1:[(l+2)(1—0.5)]%—1:0
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Linking Method
Interim Interim Time-Weighted

Date Period Rate of Return Rate of Return
January 1
March 15 1 0.0600000 (1) 0.0600000
June 15 2 0.0571486 (2) 0.1205775 (7)
September 15 3 -0.0090909 (3) 0.1103905
October 1 4 -0.0370370 (4) 0.0692649
December 15 5 -0.0096154 (5) 0.0589835
December 31 6 -0.0196078 (6) 0.0382192 (8)

(1) (105 + 1 - 100)/100 = 0.06

(2) (110 + 1 - 105)/105 = 0.0571486

(3) (108 + 1 - 110/110 =—0.090909

(4) (2(52) - 108)/108 =-0.0370370

(5) (51 +0.5—52)/52 =—0.0096154

(6) (50— 51)/51 =-0.0196078

(7) (1 +0.06)(1 +0.0571486) — 1 = 0.1205775

(8) (1 +0.0589835)(1 —0.0196078) — 1 =0.0382192

15
Time-Weighted RoR lllustrated
Dollar Dividend Other Market
Date Per Share Events Price
January 1 $100
March 15 $1 $105
June 15 $1 $110
September 15 $1 $108
October 1 2-for-1 Stock Split $52 (post split price)
December 15 $0.5 $51
December 31 $50
b=
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Index Method

Dividend and Additional Number of
Date Other Events Shares Purchased Shares Owned
January 1 100
March 15 S1 0.952381 (1) 100.952381 (2)
June 15 $1 0.917749 (3) 101.870130 (4)
September 15 S1 0.943242 (5) 102.813372 (6)
October 1 2-for-1 Split 205.626744 (7)
December 15 $0.5 2.015948 (8) 207.642692 (9)
December 31 207.642692

(1) 1(100)/105 = 0.952381
(2) 100 +0.952381 = 100.0952381

(3) 1(100.952381)/110 = 0.917749

(4) 100.952381 +0.917749 = 101.870130
(5) 1(101.870130)/108 = 0.943242

(6) 101.870130 + 0.943242 = 102.813372
(7) 2(102.813372) = 205.626744

(8) 0.5(205.626744) = 2.015948

(9) 205.626744 + 2.015948 = 207.642692

Indexes

= General Approach: 1= 2Q,,R,
= Price-weighted Index: (’b\!IA)
Loy, :;Q,HP,J = ;g,,\f’,‘, :Q,,.EP.J
= Value-weighted Index: (SP 500)
Ly, = ZIQ,,,.R,, = cZNP

¢, =100

Y NPy

,‘4ﬁﬂ
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Equally-Weighted Indexes

= EW Arithmetic )
2R,

1+
n

I[:W,AMJ = ]I:W,AMJfl

= EW Geometric

n

i
Tow s = Low o ami |:H(1 +R, )}

i=1

= CRSP (both) and Value Line (geometric)
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HPR Stock Statistics

= Discretely compounded, periodic returns

__Profit_ _AV_ V.-V,
“~ Investment V.V,
= Continuously compounded, periodic
R_=In Viw

= Dollar profit, periodic
AV = Profit=V,,,, -V,

t

;W
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Index Choice

= Equally-weighted

= When account is small relative to size of smallest
available financial instruments

= Able to buy as much of any instrument as desired

= Value-weighted

= When account is large relative to size of smallest
available financial instruments

= Unable to buy as much of smaller instruments as

%;@g‘desired
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Using the zoo Package in R

= The zoo package makes time series
manipulations easier

CDate = mdy.date(Month, Day, Year)

ZDate <- zoo(CDate)

ZPrice <- zoo(Price)

LagPrice <- lag(ZPrice, -1, na.pad = TRUE)

CCReturn <- log(ZPrice) - log(LagPrice) # Continuously compounded rate of Return
DCReturn <- (ZPrice - LagPrice)/LagPrice # Discretely compounded rate of Return
ACPrice <- ZPrice - LagPrice # Actual change in Price (ABM measure)

,‘4ﬁﬂ
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Sample Statistics

=Mean
= Sample Average: R. =

liR.

n

= Geometric Average:

= Harmonic Average:

n ! -1
PE,=n ZL :5(L+l+£+i+ij
PE 10 50 40 70 30

i=1

% =5(034476)"' =14.5
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Rolling Statistics

= Remove NAs in first row, use rollapply()

dfStockRisk1$CCReturn <- CCReturn

dfStockRisk1$DCReturn <- DCReturn

dfStockRisk1$ACPrice <- ACPrice

dfStockRiskl <- dfStockRisk1[-1,] # Remove first line (NAs)

CCMean <- rollapply(dfStockRisk1$CCReturn, RollingWindow,
function(x)(mean(x)), align = "right")

CCStDev <- rollapply(dfStockRisk1$CCReturn, RollingWindow,
function(x)(sqrt(var(x))), align = "right")

CCSkewness <- rollapply(dfStockRisk1$CCReturn, RollingWindow,
function(x)(skewness(x)), align = "right")

CCKurtosis <- rollapply(dfStockRisk1$CCReturn, RollingWindow,
function(x)(kurtosis(x)), align = "right")
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Clearly, the onset of the pandemic resulted in a price movement that defies any sort of
predictability based on data analytics, regardless of level of sophistication.

Figure 8.4.1. Dividend adjusted market stock price of Wendy’s over a 4.5 year period
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Rolling means are very unstable and nearly the same for continuously compounded and
discretely compounded returns. Dollar changes also track very closely early but diverge

with higher prices.

Figure 8.4.2. Wendy’s rolling means for returns and dollar change
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Standard Deviation

= Population:
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Rolling standard deviations are nearly the same for continuously compounded and
discretely compounded returns. Dollar changes also track very closely early but diverge
with higher and more volatile prices.

Figure 8.4.3. Wendy’s rolling standard deviations for returns and dollar change
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Skewness

= Population: u,=E(R-R,)
_ M
Ysp =5

o,

Sample: m"lgk,‘ffﬂgle,l—(wz)ﬁi

(]
Some have categorized skewness in the following manner:
e Highly skewed: —1<y, or u, >+1
e Moderately skewed: —1<u,<-1/2 or 1/2> p, > +1
e Approximately symmetric: —1/2 < u, <1/2
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Positive Skewness
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Negative Skewness
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Rolling skewness is also very unstable and nearly the same for continuously compounded and
discretely compounded returns early. The three measures diverge after the onset of the pandemic.

Figure 8.4.5. Wendy’s rolling skewness for returns and dollar change
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Excess Kurtosis

= Population: . =E(R-R,)’
iy -3

Yekor = &
K.p 0.4

=Sample:

12&‘ 7ﬂ2Rﬁ+&ZRE +(n-4)R}
n-1 L= n S

= (n+])’1 il =
(13w-R)
<

Ve (nfz)(nfw
E
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Interpreting Kurtosis

= 7., =0 Mesokurtic (Normal and binomial)
= 7+, >0 Leptokurtic (Sharper peaks and
fatter tails, lognormal, Laplace, and
logistic)

= 7., <0 Platykurtic [Flatter peaks and

thinner tails, uniform and Bernoulli
distribution (p=1/2)]

,ﬁﬂ
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Rolling kurtosis is nearly the same for all three measures except after shocks. Again, the
three measures diverge after the onset of the pandemic.

[Figure 8.4.6. Wendy’s rolling kurtosis for returns and dollar change
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Note that a positive shock to LSC level growth is the same as a negative shock to LSC level
discount rate. The sensitivity of the LSC slope discount rate is greater is size than the LSC
slope growth. VCF denotes the value per dollar of cash flow.

Figure 8.4.7. First derivatives (expressed assuming a one percentage point move)

Industry Ticker  Deltalg DeltaLf Deltasg Deltast DeltaVCFLg  DeltaVCFL{  DeltaVCFSg  DeltaVCFSS

Broad Market spY 2480 -2.480 0311 0711 0.420 -0.420 0.053 -0.120
Technology XLK 0.657 0.092 0.201 0.529 0.529 0.074 0.162
Financial XLE 0.044 0013 0.023 0.071 0,071 0.020 0.038
Industrials XLI 0294 0054 0.113 0.186 0,186 0.034 0.072
Consumer Discretionary  XLY 0.905 0118 0.264 0.566 -0.566 0.074 0.165
Materials XLB 0.185 0.040 0.079 0.149 0.149 0.032 0.064
Healthcare XLV 0473 0.083 0.176 0201 0201 0.035 0.075
Utilities XLU 0.199 0.043 0.087 0.098 0.098 0.021 0.043
Consumer Stables XLP 0233 0.045 0.094 0.139 0.139 0.027 0.056
Energy XLE 0.081 0023 0.042 0.054 0.054 0015 0.029
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Clearly, Wendy’s and McDonalds generally move together but also diverge from time-to-time.

Figure 8.4.8. Wendy’s and McDonalds normalized price
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SRMs and the LSC model

= LSC valuation framework

Y _[ilﬂcf/s/_(igﬂvgjﬁ )}

= X
V,=CEY "
= SRMs w o AL Ee5m5)

= =—crNie
aL, u;u

W e Ak Sle s )
E—(I'DZIL B

i=l

P% o (i tr s, 5,56, 5,)
 __CF - e -
XSS, )

,and

J {13 (s, 5,-50,5,)
e . .

R Code Application

=Wendy’s and McDonalds
= Detailed analysis of HPR statistics
= Mean
= Standard deviation
= Skewness
= Excess kurtosis

,%ﬂ
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Again, Wendy’s and McDonalds rolling means are unstable. Sometimes one is higher than
the other. It would be very difficult to predict.

Figure 8.4.9. Wendy’s and McDonalds rolling means for periodic continuously compounded returns
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Again, Wendy’s rolling standard deviations is higher than McDonalds.

‘Wendy’s and McDonalds rolling standard deviations are much more predictable in terms of The magnitude of this difference varies, however.

ordinal ranking. Wendy’s simply has a higher standard deviation.
Figure 8.4.11. Wendy’s less McDonalds rolling standard deviations for periodic continuously

Figure 8.4.10. Wendy’s and McDonalds rolling standard deviations for periodic continuously compounded returns

compounded returns

Wendy's and McDonalds

(cC)
0.030
1

0.04
ard Deviation

0.020
1

Standard D

S —t <
— ‘ad < o . -, J
s o 22N - Ve~
g 4% N e o~ B
T T T T s N
1Jan2016 1Jan2017 1Jan2018 1Jan2019 1Jan2020 = r , - .
Pate 1Jan2016 1Jan2017 1Jan2018 17an2019 1Jan2020
ate
Date
© Financial Risk Management, LLC 43 © Financial Risk Management, LLC 44
‘Wendy’s less McDonalds rolling skewness is quite erratic defying predictability. ‘Wendy’s less McDonalds rolling kurtosis is also somewhat erratic defying predictability.

Figure 8.4.13. Wendy’s less McDonalds rolling kurtosis for periodic continuously compounded returns

K .

Fi 8.4.12. Wendy’s less 1l 0 iodi turns
igure ‘endy’s less rolling for periodic returns Wendy's and McDonalds
‘ N .
- T
e q
. \ \ | s =
- ¥ \.-\r | Mo~ ”~ 7 e ~
A ) | % ‘ ‘ A &(w
;- =~ ! V- - ™~
£ N\ L 4 v d \ . w
2 o | \
a ~ e «”
g P \ -
- “’ g 4
T T T T T rg
1Jan2016 11an2017 11an2018 17an2019 1an2020 . . 4 . . .
Date 1Jan2016 13an2017 1an2018 1an2019 1Jan2020
Date
b
- © Financial Risk Management, LLC 45 © Financial Risk Management, LLC 46
- -

45 46

Summary

= Explored static risk measures
applications with various stock valuation
models

= Reviewed technical details of return
calculations

= Identified sample statistics and related R
code applied to stock data
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