COPULAS

Definind variables

for copulas

Select cell, click Define Distribution

=] -
FILE HOME INSERT PAGE LAYOUT
.

A

@RISK Example File List [Read-Only] - Excel
FORMULAS DATA REVIEW VIEW ADD-INS Capital IQ ¥ Direct Datastream @RIk

K 4 48 TN N 100 2 clamh . o
E e ff “| | &/ @RISK - Define Distribution: AL [=[=]ae ] @h
Dist[::::;ieons Oj([::du( Fugziigw Correlati| | V™ = rfﬁ:f
Model| | Cell 05 £ To
Define Distributions o
Add or edit ;_lrobabmty distributions in Select the distribution to use in this formula to replace the value 0.5: E‘
theformulain the current cell. Comman |Favormes | Discrete | Continuous | Alt. Parameters | Special | @RISK Library | Al L
[ Riskbxcell2_EN .
A U A L L A
4 BetaGeneral Binomial Cumul Discrete Expan Gamma General Histogrm
5
: L A A A ANA
5 Lognorm Normal Pert Paisson Triang Trigen Uniform Vary
: A
10
11 Weibul
12
12
14
15 @l Make Favorite Select Distribution Cancel
16
Equivalent of typing this formula in the cell:
=RiskUniform(0.45,0.55,RiskStatic(0.5))
Drag distribution to other cells
Select the 3 cells containing the variables, then click define copulas
H ©- - @RISK Exar

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW

& # A

Define Add Insert

Iterations 100 -

AN N

Define Distribution Meodel Data

Simulations |1 -

Distributions Output Function - [Correlations = Fitting - Window Viewer Settings r -4 Sir

Define Correlation Matrix... Simulation
c1 - LATrEES T 0.55,RiskStatic{0.5))
A B - i ~ Define Copula 1
1 0.5 0.5 0.5] [& RiskExcel12_EN
2 Tell me more
3
4

Select t copula and type

in 0.7 (correlations)



| Mame [Copulat
0.5 0.5

ljj @RISK - Define Copula = | B [

Location [
Copula Type [:] v-Parameter 2 =

Cell A1 Cell B1 CellC1

Cell A1

Cell B1

Cell C1

C D E F G H I J K L M N Q P
0.5
illy @RISK - Define Copula = = &
Name |CODula1
Location |
Copula Type 8-Parameter 2.00000 =
Cell A1 Cell B1 Cell C1 N
=
=
5]
=)
=
a

2o, T, ed r
RV 8 \fa&)ﬁg'g
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A B C D E F G H 1

1 0.5 D.5| D.SII @RISK Copula: Copulal]
2 Type GumbelR
3 Dimensicn 3
4 Parameter 2.000
5
3]
7

Then when you click on the cells, they are linked with the copula by their formula
Al: =RiskUniform(0.45,0.55,RiskStatic(0.5),RiskCopula(Copulal,l))
=RiskUniform(0.45,0.55,RiskStatic(0.5),RiskCopula(Copulal,2))
=RiskUniform(0.45,0.55,RiskStatic(0.5),RiskCopula(Copulal,3))

Set # iterations to 5000 then start simulation

Reverse engineer correlations if given results
Click Excel reports / Simulation data inputs: Shows you input data

H v Book2 - Excel
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ADD-INS Capital IQ) M* Direct

‘j ﬂ J(.-;:_ L.;.‘_J‘.E‘: & é% % Tterations 5000 : K ﬂ ﬂ ¥ summa

Simulations |1

Define Add Insert Define Distribution. Model  Data Start Excel Browse
Distributions Output Function ~ Correlations =~ Fitting = Window Viewer ngs A Simulation Reports Results
Model Fit... Simulation Results
c10 - fr Bati gy
Fit [
I B C |_—$. RiskExcell2_EN B H 1 J ]
. @RISK Input Data =Y Telmemore
2 Performed By: Kingf00
3 _Date: April-05-16 7:40:16 PM
4
5 |name
6 |Description RiskUniform/(0.45,0.5¢ RiskUniform(0.45,0.5¢ RiskUniform/(0.45,0.55, RiskStatic(0.5),RiskCopula(Copulal,3))
7 |iteration fCell 5451 5851 scs1
a |1 0.523540688 0.54541077 0.546378829
a |2 0.528176714 0.5467465982 0.532025839
103 0.508073235 0.540775351 0.521681319
11 |2 0.535883581 0.521726422 0.488145771
1215 0.528207372 0.514806403 0.481488884
13 |8 0.480172355 0.471915826 0.470473693
14 |7 0.484488309 0.45664034 0.454334564
15 |2 0.484053165 0.4714855¢6 0.4585937383
15 |2 0.471922468 0.47754231 0.50638331
17 |10 0.504068215 0.438545021 0.507445888
18 |11 0.46240074 0.466022802 0.468732663
19 |12 0.534967192 0.485014765 0.50706208%
20 |12 0.486292885 0.467562227 0.502195779

Tells you best fit is uniform distribution (which is what was originally inputted into the variable
Fit then write to cell

Select second column/Distribution fitting

Could also fit copula:



H :
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW
ﬁ gﬁ f-r I:.;’.: & é% lterations ~ [5000 -
Simulations |1 -
Define Insert Define Distribution Maodel  Data
Distributions Output Function = Carrelations=  Fitting = Window Viewer Settings f = E <
Define Correlation Matrix... Simulation
D4977 - Define Copula...
Fit Copula...
i B < — F G
4955|4948 0.548296691 [} FitCopuIa
4056 [49a9 0.487135406 )
4057 [49s0 0.5165922367 [ Riskxcell2 EN
2053|4951 0465454357 Tell me more
4950 4952 0.515251225 0.488754383 0.49614343
4050|4953 0.470274405 0.500827372 0.475564727
4051 [4954 0.457023431 0.545124126 0.545320648
4057 | 4955 0.48538866 0.458434246 0.467370206
4073|4956 0.460340786 0.451500949 0.463724031
4054|4957 0.507820427 0.507772731 0.51068444
4055|4958 0.527405843 0.5035316732 0.50378744
4066 |4959 0.422426138 0.483091629 0.502655303
A0/7 |4360 0.526493455 0.480531927 0.487077414
4055 |4961 0.515281103 0.457300711 0.545285781
4050|4962 0.435022616 0.535167368 0.452342712
4a70 |4963 0.4739216332 0.467016026 0.468965211
4071|4964 0.48324685019 0.519930314 0.493948599
4072|4965 0.487341532 0.485301812 0.457363522
4073 |4%es 0.545776341 0.537332524 0.500142518
4074|4967 0.451432721 0.473375428 0.454172407
4075|4968 0.4852447 0.481773886 0.45294173%
4975|4969 0.53342751 0.521517275 0.538808536
40774970 0.456276715 0.457332601 0.4554051
4975|4971 0.532764113 0.53434D368 0.535174633
4070|4972 0.517616656 0.51535730% 0.4850558518
4980|4973 0.464368575 0.45675523 0.455128321
4051|4978 0.434381666 0.511556347 0.500646438
4052|4975 0.485815534 0.4577658759 0.426535635
4053|4976 0.518064826 0.5376316732 0.535673013
4054 |4377 0.495240564 0.490069133 0.509412049

Book2 - Excel
ADD-INS Capital IQ M* Direct D
. & : E{"J ¥ summary

- Y Define Filters
Start Excel Browse : —

Simulation Reports Results [x] [=] 4]
Results
H I J K

0.5
0.459995




@RISK - Fit Copulas to Data =]

5,0.5¢ RiskUniform(D.45,0.5¢ RiskUniform Data Set
SBS1 SC51

3 0.54541077 0. Range |c8:E5007

£ 0.546748382 . [#] Warizble Names in First Row

i Rl l:"E'Z:I“;I [] Data Already Demarginalized

1 0.521726422 0.42814)

2 0.514806403 u.4314'| Fitting

B 0471515828 047047 Method | Maximum Likelihood Estimation (High Accuracy) M

3 045664034 0.494_).II - —

! Gaussian Elliptical copula

H 0.47149556 n.4539'l t Elliptical copula

3 047754231 D.SDE-‘.II Clayton Archimedean copula

z O ARROAGOIT 0.5074Il ClaytonR ClaytonR copula with all variables reversed
Frank Archimedean copula

| 0.466022802 0. I Gumbel Archimedean copula

i 0.485014765 D.Sﬂ?[il GumbelR GumbelR copula with all variables reversed

3 0467562227 0.5031II

L 0.472752389 0.459:LII

3 0.460190674 0.43114|

5 0.462230463 0. |

3 0.471112874 0.47364

g e e | [ LoadFitFromFile |[ Ok |[ Cancel |

3 0.456940251 047609

0.465084298 0.452331003
A acoosoaca N Aoanoccan 1

Tells you Clayton is the best — retrieved all information that was originally inputted.
Write to spreadsheet — will write copula on excel

@RISK Copula: Copulalj

Type Clayton
Dimension 3
Parameter 1442

Application: Stocks, want to know correlation

Define Distributions:



- A @RISK - Define Distribution: H1T
HOME  INSERT  PAGELAYA [\ame  [10/ parameter
+ Cell =RiskNormal{10,30/
e Formula
Define dd Insert ne o
Distributions| Output Function - Correlations Il ormai(10,30) 10/ Parameter
Model Function  Normal -l
Parameters Standard -| Cell Input DatalH17 |
H17 - f_‘_ n 0.014 Mnmom o
a Maximum +oo I
B c ] 0012 Mean 10.00 N
: @RISK Input Data v Moce .00
2 Performed By: Kingfoo Median 10.00
3 _Date: April-05-16 7:40:16 PM 0.008 Std Dev 30.00
4 ) Skewness 0.0000
Kurtosis 3.0000
5 |Name 0.006 T i T
& -39,
& |oescription RiskUniform(0.45,0.5¢ RiskU Lefip 5.0%
.0%
7 |iteration / cell 5451 $851) 0004 Right X 59.3
N E 0.523540888 0.002 Right P 95.0%
g |2 0.538176712 o Dif. % 98.69
i E 0.508073235 ol 0.000 Dif. P 90.0%
11 |a 0.535883581 o 1% B9
5% -39.35
12| 0.528207572 W o (= A . | | _ o . =
=) i ancel
e sasrase oLl W] ) ] A )] R ST 66 Al
14 |7 0.424483505 [ (ECEEELE 1447
15 |8 0.484053165 0.47149556. 0.458937383
15 |9 0.471922468 0.47754231 0.50638331
17 |10 0.504068215 0.488943021 0.507445888
13 |11 0.45240074 0.466022802 0.468792663
19 |12 0.534967192 0.485014765 0.507062089
20 |12 0.425298885 0.467562227 0.503195779
21 |a 0.466801101 0.472752383 0.459155227
= A& @RISK - Define Distribution: H18 = & %
HOME INSERT PAGE LAYQ

Name ‘

| E
cell ‘ ‘ £

Formula

Define
Distributions

Correlations Select the distribution to add to this formula: @ i
Model 1 Is

H18 - i

: ST A I

Common | Faverites | Discrete | Contiuous | Alt. Parameters | Special | @Risk Library | al

"IL l

z

BetaGeneral Binomial Cumul Discrete Expon Gamma General Histogrm
1 @RISK Input Data
2 Performed By: Kingfoo /
3 _Date: Apri-05-16 7:40:16 PM i I
1 ..
s [w Lognorm Mormal Pert Poisson Triang Trigen Uniform Vary
ame
6 |oescription RiskUniform|(0.45,0.5¢ RiskU
7 |teration jCell 5451 SBS1
s 0.523340688 q Weibul
g |2 0538176714 [
103 0.508073235 [
11 |* 0.535383581 o.
125 0.528207972 o
(71 Make Favorite ‘ Select Distribution Cancel
1308 0.420172355
ul 0.234288908 0.45664034 0.434334564 o 1442
15 |8 0.234053165 0.47149556 0.453937383
16 |2 0.471922468 0.47756231 0.50638331
17 |0 0.504068215 0.488249021 0.507445888 10
18 0.46240072 0.466022802 0.465792669
"
1g |12 0.534967192 0.485014765 0.507062082
a0 |2 0.486298885 0.467562227 0.503195772




Input DatalH13

-10.000
10.000
0.000
0.000
0.000
4.082
0.0000
2.4000
-6.84
5.0%
6.84
95.0%
13.675
90.0%
-8.586
-6.838
Cancel

1
b
[l Triang(-10,0,10) 11/ Parameter [ statistics
odel Function Triang - | 684 6.84
Parameters Standard v| 0 [—== ] Cell
jl' Min i jj 0.2 5 Minimum
M. likely 0 Maximum
Max 10 0.10 4 Mean
! © 8| @ %] e
0.0e 4 Medizn
Std Dev
06 Skewness
1 Kurtosis
Leftx
45,0.5¢ RiskU| 0.04 4 Leftp
5851 Right X
=2 9 0.02 Right P
714 of Dif. X
235 ol 0.00 nif. P
581 ol o 2 ks o n 2 w 1%
5 a 5%
7
o | | (= = & =
e I NI BTN |y S [ [
TR T ™
165 0.47149556 0.458337383
168 047754231 0.50638331
215 0.488349021 0.507445888 10
74 0.466022802 0.468792669
132 0.485014765 0.507062083

Then select a uniform distribution
srformed By: Kingfoo e

ates: April-05-16 7:40: 16 PM

Tell me more

ime
I

sscription RiskUniform(0.45,0.5¢ RiskUniform(0.45,0.5¢ RiskUniform(0.45,0.55, RiskStatic(0.5), RiskCopuls(Copula1, )}

sration / Cell SA51 SBS1 SC51
0523340688 0.54541077 0.546572823
0538176714 0.546746582 0.532025839
0.508072225 0.540775351 0.521681218
0.535883581 0.521726422 0.488145771 @RISK Copula: Copulal]
0528207572 0.514806403 0.481483884 Type Clayton
0.480172355 0.471915826 0.470472692 Dimension| 3
0.484488502 0.45664034 0.434334564 Te=mm 1.442]
0484053165 047143556 0453537383
0471922468 047754231 0.50638321
0.504068215 0.482545021 0.507445882 10
046240074 0.466022802 0.468792669 0
0534367152 0.485014765 0.507062083 25
0.486298885 0.467562227 0.502185773
0.466801101 0.472752389 0.459155227
0505350268 0.460130674 0.481147482
0513634612 0.462220463 0.42630067

Now link them using the copula we just built.



Click in the copula

— | Name

1asg | e [Fina
Copula Type 8-Parameter 144205 =2

Missing - 1 Missing - 2 Missing - 3 =
i
= =
%- L2
=
i e | . ‘ ] ]
:Z; I [ Delete J[ ok ][ Cancal
T —— — -
Edit copula, then attachement editor
H - - - Book? - Excel
|_| il @RISK-Define Copula — - . ream
%
|| Mame [Copuiat ‘

| Locati b
o on [Frtae
Copula Type &-Parameter 1.44205 =

H17 - 10 { Parameter

H19 - 12 / Parameter

H18 - 11/ Parameter

I "nags73808s 471113872 aaraReo7AT |

Attach inputs — add cells just created



Select one of the input cells / Start simulation.

Jill, @RISK - Simulated Input: H17 - < - - | e ]
1 — —
10 / Parameter [Statstes _|
Comparison with Normal{10,30) :IW
) 39.4 59.3 Cell Input Data!H17 Inpu
M Minimum -101.13
] Maximum 133.65
0.014 7 Mean 10.00
Mode 8.12
021 Median 10.00 Jl
0.010 A Std Dev 30,01
Skewness 0.0026 H
U Kurtosis 3.0116
0.006 Values 5000
L Errors o]
0.0041 Filtered ]
q 0.002 A Left % -39.4
i LeftP 5.0%
o | 0.000 n - p : p ; pl Right X 59.3
o = o ] =1 [ |RightP 95.0% i
)( il l@ ﬂ Close |
L

£a
seee d1|_'Cdr“eal:ledflcdatter Plot in New Window|

4231 0.50638331

13021 0.507445888 10
12802 0.468792669 0
L4765 0.507062089 -25
32227 0.503195779

32389 0.459155227

W0ETS 0.481147482

10463 0.48630067

lick Scatter

lot / Select all 3 inoput cells:

RISK
atimize

Tot

4 Iteration i V1] LAl MY Jenral OF | aEell W N IMIMADS AY {
s, Al @RISK - Simulated Input: H17 (= [ = .2 $
St
istribuf Statistics = | R
Fitting 10 / Parameter | [PtimizEr
Comparison with Normal(1030) Toals
384 503 Cell Input Data!H17 Inpu
=RiskMN Minimum -101.13
Maximum 133.65 I
D Mean 10.00 M
Mode 8.12 i
Median 10.00 —
Std Dev 30.01
Skewness 0.0026
e Kurtosis 3.0116
Values 5000
Iniforml| Errars "]
Filtered 1]
0.54541 a Left X -39.4
i545745 7 - )
- @RISK - Scatter Plot: Input W17/ Input HISMING.. — o 0
1540775 s
ics vl
1521724 10 / Parameter Scatter Plots
0.0
150 cell Input Data!H18 In
X Mean 2.751E-005
D.45664034 100 % Std Dev 4,0829
I ¥ Mean 10,002
3.47754231 g 50 v Std Dev 30.010
e g Corr. {Pearson) 0.6055
15 Corr. (Rank) 0.5986
i1 & Delimiter ¥ 2.751E-005
rsane Il = . Delimiter Y 10.00
1467562227 — Quadrant I 36.1%
1472752389 Quadrant 11 13.9%
Py -0 Quadrant 111 6.1%
Quadrant IV 13.9%
1.462230463 150
1471112874 g 2 8 g 9§ § °© g g8 3 8
1485350308 | T
11 / Parameter, 12 / Parameter 0 b
Tassosazss ||| @| | = | Y @»I = —IC“’SE




Have 3 stocks.

Stock 1 Stock2  Stock 3
Mean Growth Rate 12% 18% 25%
Volatility 25% 35% 50%
S S S
Initial Stock Price 20 30 40
# Shares Bought 1000 750 500
S
Initial Portfolio Value 62,500
Set:
G1=RiskNormal(0,1)
H1= RiskNormal(0,1)
I1= RiskNormal(0,1)
Select cells / define copulas
& F

Set final stock price = [START_STOCK_PRICE]*exp(([GROWTH]-
5*[VOLATILITY]A2)*[TIME]+[VOLATILITY]*sqrt(TIME)A0.5*RISK_NORMAL)

Calculate ARR
Add output to the cell containing ARR:



BEH - <

FILE HOME INSERT PAGE LAYOUT FORMULAS
y ' + 5
Ll L E A

Iterations 5000 - .

Simulations |1 -

@RISK Example File List [Read-Only] - E
REVIEW VIEW ADD-INS Capital IQ

Define Add Insert Define Distribution Model Dat: Start Excel Browse
Distributions Qutput Function = Correlations ~  Fitting = Window Viewer Settings E @ E 1 Simulation Reports Results
Maodel Simulation Res
G11 Add Output /88)/2
Add the current selected spreadsheet
cell (or range of cells) as a simulation 8] F G H I
1 output. Stock 3 0 0 0
2 MeanG [} RiskExcel12 EN % 25%
3 Volatilil Tell me more % 50% Final Stock Prices
4 Initial Stock Price 5 2075 30 5 23.885 38.042 51361
5 #Shares Bought 1000 750
6
7 Final Portfolio Value
& Initial Portfolio Value $ 62,500 $§ 78,097
9
10 Annual Rate of Return
1|

-
%]

)

Start simulation

What is the probability to make a loss?

Probability of a loss
=RiskTarget(G11,0)

Value at Risk for 99%

4.84%
]

=RiskPercentile(ARR, 0.01)*INNITIAL_PORTFOLIO_VALUE

Change copula to Gaussian Copula. Chances of losing should be lower.

Click in the copula, define copula
HS & -

FILE HOME IMSERT PAGE LAYOUT FORMULAS

¥ £

= A 2

==

I%I Tterations 5000 - £

DATA

@RISK Example File List [Read-Only] - Excel
VIEW ADD-INS Capital 1Q M* Direct Datastrearm @RISK

] Summa & ¢
Iﬁl " Define F?\;ter; ‘ ﬁr

Define Add Insert Define Distribution Model Data Start Excel Browse Advanced RISK
Distributions OQutput Function - Correlations > Fitting - Window Viewer Seftings f 69 E 1 Simulation  Reports [Results g [Xi| (=] Bl Analyses - Optimizer~ §
Define Correlation Matrix... Simulation Results Tools
pa - Define Copula...
Eit Copula..
A o Define Copula G H 1 J K L M
t Stock1 S| [ RiskExcel12 EN o o 0
2 Mean Growth Rate 12%
Tell me more
3 |Volatility 25% — S— Final Stock Prices
4 |Initial Stock Price S 0 S 30 S 40 23.885 358.042 51.361
5 #Shares Bought 1000 750 500
[
7 Final Portfolio Value
& Initial Portfolio Value $ 62,500 5 78,097
9
10 Annual Rate of Return Probability of a loss
11 4.34% 0.2557401
12
13 VAR
14 -59,464,38
15
16

Change to Gaussian Copula



T and Gaussian copulas should be fairly similar in terms of probability of default. But looking at the tails
(99% VAR), should be more of a difference; Gaussian copula is more conservative (but t coppula is a
more accurate description of stock market.



