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OBJETIVO GENERAL

Aplicar una estrategia de arbitraje basada en las diferencias de precios entre las cotizaciones de
las acciones de la BVC y sus ADRs equivalentes en la bolsa de valores de Nueva York.




OBJETIVOS ESPECIFICOS

1- Analizar los precios de las acciones de la BVC y sus ADRs en la bolsa de nueva de York
en los periodos 2015 — 2019.

2- Determinar la correlacion entre los cambios de la cotizacion del Délar y los precios de las
acciones de la Bolsa de Valores de Colombia y sus ADRs en la Bolsa de Nueva de York.

3- Disefiar una estrategia de arbitraje en los mercados de Colombia y EEUU en el periodo
de tiempo establecido.

4- Evaluar la estrategia de arbitraje que mejor se ajuste a la oportunidad que esta indicando
el mercado, ya sea compra o venta, incluyendo los costos de transaccion.
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ANALISIS DEL COMPORTAMIENTO DE LA
ACCION DE ECOPETROL Y SU ADR
COTIZADO EN LA NYSE
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° o ‘e Nota. Fuente: elaboracion propia a partir de datos obtenidos de Bloomberg

Comportamiento de lo precios de
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CORRELACION ENTRE LOS CAMBIOS DE LA
COTIZACION DEL DOLAR, EL PRECIO DE LA
ACCION Y SU ADR
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COMPORTAMIENTO COP, EU Y DOLAR
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PRIMERAS DIFERENCIAS DE LOS PRECIO DE EU Y COP
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LOGARITMO PRIMERAS DIFERENCIAS DE LOS PRECIO DE EU Y COP
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TEST DE RAICES UNITARIAS EU

Null Hypothesis: LOG(EU) has a unit root
Exogenous: None
Lag Length: O (Automatic - based on SIC, maxlag=18)

t-Statistic
Augmented Dickey-Fuller test statistic 1.907671
Test critical values: 1% level -2.569011
5% level -1.941378
10% level -1.616327
*MacKinnon (1996) one-sided p-values.
IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(EU))
Method: Least Squares
Date: 05/28/20 Time: 14:32
Sample (adjusted): 2 573
Included observations: 572 after adjustments
Variable Coefficient Std. Error t-Statistic ~ Prob.
LOG(EU(-1)) 0.000201 0.000105 1.907671 0.0569
R-squared -0.000241 Mean dependent var  0.001570
Adjusted R-squared -0.000241 S.D. dependentvar  0.019320
S.E. of regression 0.019322 Akaike info criterion -5.053361

Sum squared resid 0.213185 Schwarz criterion -5.045758
Log likelihood 1446.261 Hannan-Quinn criter. -5.050395
Durbin-Watson stat ~ 1.992256

Null Hypothesis: D(LOG(EU)) has a unit root
Exogenous: None
Lag Length: 2 (Automatic - based on SIC, maxlag=18)

t-Statistic g
Augmented Dickey-Fuller test statistic -13.23042{ 0.0000
Test critical values: 1% level -2.569032
5% level -1.941381
10% level -1.616325

*MacKinnon (1996) one-sided p-values.

IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(EU),2)
Method: Least Squares

Date: 05/28/20 Time: 14:43

Sample (adjusted): 5573

Included observations: 569 after adjustments

Variable Coefficient Std. Error t-Statistic ~ Prob.
D(LOG(EU(-1))) -0.994802 0.075191 -13.23042 0.0000
D(LOG(EU(-1)),2) 0.017176 0.058770 0.292252 0.7702
D(LOG(EU(-2)),2) -0.114046 0.041890 -2.722552 0.0067,
R-squared 0.510605 Mean dependent var  4.89E-05
IAdjusted R-squared  0.508876 S.D. dependentvar  0.027338
S.E. of regression 0.019158 Akaike info criterion -5.066911

0.207743
1444.536
2.002934

Schwarz criterion -5.044009
Hannan-Quinn criter. -5.057975

Sum squared resid
Log likelihood
Durbin-Watson stat




TEST DE RAICES UNITARIAS COP

Null Hypothesis: LOG(COP) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic

1.937743
-2.569011
-1.941378
-1.616327

IAugmented Dickey-Fuller test statistic
Test critical values: 1% level

5% level

10% level

Null Hypothesis: D(LOG(COP)) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic

Augmented Dickey-Fuller test statistic -23.70893

*MacKinnon (1996) one-sided p-values.

IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(COP))
Method: Least Squares

Date: 05/28/20 Time: 14:29

Sample (adjusted): 2 573

Included observations: 572 after adjustments

-2.569018
-1.941379
-1.616327

Test critical values: 1% level
5% level
10% level

Variable Coefficient Std. Error t-Statistic  Prob.

*MacKinnon (1996) one-sided p-values.

IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(COP),2)
Method: Least Squares

Date: 05/28/20 Time: 14:30

Sample (adjusted): 3 573

Included observations: 571 after adjustments

LOG(COP(-1))  0.000200 0.000103 1.937743  0.0531

Variable Coefficient Std. Error t-Statistic  Prob.

-0.000243
-0.000243
0.018976
0.205608
1456.611
1.997510

0.001566
0.018974

R-squared
IAdjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
.Durbin-Watson stat

Mean dependent var
S.D. dependent var

Akaike info criterion -5.089550
Schwarz criterion -5.081947
Hannan-Quinn criter. -5.086584

D(LOG(COP(-1))) -0.994769 0.041958 -23.70893  0.0000

0.496516
0.496516
0.019045
0.206741
1451.996
1.996070

R-squared
IAdjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
Durbin-Watson stat

Mean dependent var  2.78E-05
S.D. dependent var ~ 0.026840
Akaike info criterion -5.082298
Schwarz criterion -5.074684
Hannan-Quinn criter. -5.079327




REGRESION LINEAL DE EU Y COP

Dependent Variable: LOG(EU)
Method: Least Squares

Date: 05/28/20 Time: 14:34
Sample: 1 573

Included observations: 573

Variable Coefficient Std. Error t-Statistic  Prob.
LOG(COP) 0.999943\ 4. 75E-05 21069.60 0.0000
R-squared 0.999492 \Mean dependent var  7.675905

Adjusted R-squared  0.999492 §.D. dependentvar  0.387225
S.E. of regression 0.008732 AXaike info criterion -6.641959
Sum squared resid 0.043611 Schwarz criterion -6.634365
Log likelihood 1903.921 HanNan-Quinn criter. -6.638997
Durbin-Watson stat  1.464507

\ BETA DE COINTEGRACION



TEST DE RAICES UNITARIAS ERRORES

Null Hypothesis: ERROR has a unit root
Exogenous: None
Lag Length: O (Automatic - based on SIC, maxlag=18)

Null Hypothesis: D(ERROR) has a unit root
Exogenous: None
Lag Length: 9 (Automatic - based on SIC, maxlag=18)

t-Statistic

-18.16052
-2.569011
-1.941378
-1.616327

IAugmented Dickey-Fuller test statistic
Test critical values: 1% level

5% level

10% level

*MacKinnon (1996) one-sided p-values.

IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(ERROR)

Method: Least Squares

Date: 05/28/20 Time: 14:36

Sample (adjusted): 2 573

Included observations: 572 after adjustments

Variable Coefficient Std. Error t-Statistic  Prob.

ERROR(-1) -0.732279  0.040323 -18.16052  0.0000

0.366122
0.366122
0.008420
0.040485
1921.372
2.015822

4.63E-06
0.010576

R-squared
IAdjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
Durbin-Watson stat

Mean dependent var
S.D. dependent var

Akaike info criterion -6.714586
Schwarz criterion -6.706983
Hannan-Quinn criter. -6.711620

t-Statistic
\IAugmented Dickey-Fuller test statistic -13.15548
Test critical values: 1% level -2.569083
5% level -1.941388
10% level -1.616321
*MacKinnon (1996) one-sided p-values.
IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(ERROR,2)
Method: Least Squares
Date: 05/28/20 Time: 14:36
Sample (adjusted): 12 573
Included observations: 562 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
D(ERROR(-1)) -5.105649 0.388101 -13.15548 0.0000
D(ERROR(-1),2)  3.409023 0.368954 9.239707  0.0000
D(ERROR(-2),2) 2.760806 0.339593 8.129759  0.0000
D(ERROR(-3),2) 2.204778 0.303338 7.268399  0.0000
D(ERROR(-4),2) 1.743288 0.261677 6.661979  0.0000
D(ERRORC(-5),2) 1.266899 0.217458 5.825939 0.0000
D(ERROR(-6),2) 0.877391 0.172547 5.084949 0.0000
D(ERROR(-7),2) 0.575211 0.126574 4.544467 0.0000
D(ERROR(-8),2) 0.296207 0.082186 3.604118 0.0003
D(ERROR(-9),2) 0.118922 0.041982 2.832691 0.0048
R-squared 0.765921 Mean dependent var -3.02E-06|
\IAdjusted R-squared  0.762105 S.D. dependent var 0.017630
S.E. of regression 0.008599 Akaike info criterion -6.656665
Sum squared resid 0.040818 Schwarz criterion -6.579592
Log likelihood 1880.523 Hannan-Quinn criter. -6.626574
Durbin-Watson stat 2.018951
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DETERMINACION DEL ERROR A LOS
DATOS A APLICAR LA ESTRATEGIA
DE ABRITRAJE

Dependent Variable: LOG(EU)
Method: Least Squares

Date: 05/28/20 Time: 14:34
Sample: 1573

Included observations: 573

Variable Coefficient  Std. Errw Prob.

LOG(COP) 0.99994 .7/5E-05 21069.60 0.0000
R-squared 0.999492 Mean dependent var  7.675905)
Adjusted R-squared  0.999492 S.D. dependent var ~ 0.387225
S.E. of regression 0.008732 Akaike info criterion -6.641959
Sum squared resid ~ 0.043611 Schwarz criterion -6.634365
Log likelihood 1903.921 Hannan-Quinn criter. -6.638997
Durbin-Watson stat ~ 1.464507

FECHA COP EU ERROR
14/03/2019| $ 3,320 | $ 3,314 |, -0.0006
15/03/2019| $ 3,400 | $ ; -0.0082
18/03/2019| $ 3,4 3,447 0.0005
19/03/2019 % $ 3,471 0.0003
20 19( $ 3,550 | $ 3,522 -0.0032
21/03/2019| $ 3,565 | $ 3,558 -0.0007
22/03/2019| $ 3,430 | $ 3,408 -0.0026
25/03/2019( $ 3,430 | $ 3,399 -0.0037
26/03/2019| $ 3,470 | $ 3,494 0.0032
27/03/2019( $ 3,370 | $ 3,396 0.0036

6/02/2020( $ 3,195 | $ 3,182 -0.0016

7/02/2020( $ 3,215 | $ 3,201 -0.0017
10/02/2020| $ 3,215 | $ 3,223 0.0012
11/02/2020| $ 3,290 | $ 3,285 -0.0005
12/02/2020| $ 3,375 | $ 3,372 -0.0002
13/02/2020| $ 3,360 | $ 3,344 -0.0019
14/02/2020| $ 3,325 | $ 3,313 -0.0014
17/02/2020| $ 3,355 | $ 3,317 -0.0047
18/02/2020| $ 3,365 | $ 3,352 -0.0015
19/02/2020| $ 3,460 | $ 3,450 -0.0010
20/02/2020| $ 3,460 | $ 3,480 0.0027
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DETERMINACION DE LA OPERACION SEGUN EL PUNTO DE CORTE DD
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_ PUNTOSDE o VALOR VALOR TOTAL VALOR pen il TOTAL
FECHA cor EU ERROR | copre |OPERACION]  yenta |commsion| operacion | compra GDD”;IISID OPERACION
127042009] § 327515 327130 -0.0003|N 0] 5 -15 -15 -15 -15 -5 -
15/042009] § 323005 322776 -00001|N 0] 5 -1 5 -15 -5 -15 -5 -
160420191 5 320515 326438%) -00038|N 0 5 -15 -15 -15 -15 -15 -
17/042009] § 30305 320821 $ 32082150|5 1604115 3192172015 30300000] 5 303000 § 30,603 000
1804720191 & 3030015 314221 § 34200015 1571115 312640901 S 30300000 ] & 303000 ] § 30,603,000
19042019 5 303005 314221 $ 314210005 1571115 31264909015 30300000 ] 5 303000 § 30,603 000
22042019 5 30055 328382 § 328381805 164101|S 326730805 30050000] 5 300500(S 31250500
1052095 29835 202124 5 20830000|5 1492505 2070075015 29212414]5 29214 ] § 20 504 533
306201015 27655 282310 $ 28231865|5 141150|5 28000706|5 27650000] 5 276300 ] § 27926 500
10720091 5 202015 300206 § 3002060215 150103 |5 208705065 20200000 ] 5 202000 | § 20,492 00(
307201915 3010]S 2092781 $ 30100000]5 150500)5 20049500|5 20278108]S5 202781]§ 20 570,880
4072019 § 30105 203263 § 30100000 (S 150500|S 200405005 20326200|§ 203263|S 20410552
200102019 5 320015 321936 S 32000000|5 1645005 3273550005 32198595 ]5 321986 5 32,520,579
2412720190 5 332005 341436 $ 4143383 |5 170743 |5 330774015 35200000] 5 332000 § 33,332,000
231220090 5 332005 341533 § MU S 170767 |5 339825771 S 33200000 ] &5 332000 5 33,532,000
60120201 5 33805 331113 $ 33800000|5 1690005 33631000|5 35111342]8 331113]§ 33 442 453




DETERMINACION DEL CIERRE DE LA OPERACION SEGUN EL PUNTO
DE CRUCE POR LA MEDIA CERO
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DETERMINACION DEL CIERRE DE LA OPERACION SEGUN EL PUNTO cee

* o 0 0

DE CRUCE POR LA MEDIA CERO °c o oo

* o o 0

B E O F L u v w X v z AA 2B
- " CIERRE VALOR VALOR rotaL |, VALOR TOTAL

FECHA  [ERROR OFERACION SENALDECIERRE | oprpacion | compra | conmsion | operacion | VAORVENTAL conmsion | operacion
17/042015] 00250 |VEUGCOP B s s s s s -
1/042015] oo160| [VECCcOP oS 15 15 s s 15 -
19042019] ooi60| [VECCCOP oS s s s s 15 -
20l 005y [VEGCGOR of's s s s s 15 -
2042019] 00021 0| [CERRAROPIR=CION|CEUVCOP |5 13529455(s 6176475 1A1A7102|5 124200000|5 6210005 123575000
10572019 .c-.c-c-g:]_ VCOP CEU oS s s s s 15 -
2/052015] 00010 0 N of's s s s s s -
3052019] 0,001 o| [CERRAROPERACION|CCOPVED |5 297500005 1463505 29306250|5 293118615 1465595 29165305
3062019000 [VEGCCO? oS s s s s 15 -
7062019] 00023 0| [CERRAR OPERACTON[CEUVCOP |5 28584169]s 1420015 28727050|5 28750000|5 1437505 28606250
1072015] oo12), |vECGCO oS s 15 s I s -
Yoo oot 0| [CERCROFFRAei|CEUVCOP |5 29056473 1@32m[S 292017555 29250000[5 14630 S 29103750
3072019] 00118y [VCOPCED of's 15 s s s 15 -
2072019 .[:-_0111]- VCOP CEU o[ s 15 15 s s s -
170772019] 00012 0| [CERRCROPFRAcON[CCOPVEU  [5 60000000 S 3000005 60300000[S 60134688 [ S 300673 |5 50834015
2911201900002y [VGORGED of's s 15 s s 15 -
0122019] 00012 0| [CERREROPEREeiifcCOPVEL |5 32800000S 1640005 32061000|5 3803 [s  teasel[s 3270788
24122019] _oona}, [TECCCoP oS s s s s 15 -
235122019 0_01:5]. VEU CCOP o[ s s s s s 15 -
26122015 00013 0| [CERREROPERaeieN|CEUVCOP [ 66667017 3333335 6700032 [5  66900000|5 3345005 66365300
€120 00Tl [VEORCED oS 15 B 5 s 15 .
13012020] __0.0009 0|  |[CEUCROrERACIQN [CCOPVEU |5 34700000 S DJL000| S 34371000|S 34510505 D11253 S 34079.095




VENTA - COMPRA

(V-C)+(C+V)=%"- °
e o
e o
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RESULTADO
PUNTOS DE : TOTAL TOTAL CIERRE TOTAL TOTAL !
FECHA corteE | OFEFACION | oppracion | oPERACION OPERACION | OPERACION | OPERACION v-c €y %%EGH
§ 31921720 S 30,603,000 o’ s .
S 31264000 S 30.603.000 o[s T3 -
S 31264000 |5 30.603.000 i[s s -
S 326730895 31250500 s 1 -
s 15 | [cGEovcor |5 meiir|s 1550000| |5 20785865 5105005 549008
S 97007505 29304558 s s -
s s - s s -
s 15 | [coorvEs |5 ma%s0|s Die5a05| |3 30005 39an ]S 305
S 28090706 |5 27.936500 s s -
s T3 - o[s T3 -
s s - i[s s -
s 1 - s 1 -
s s _ EUVCOP |5 207270005 28606250 |5 e%63sa|s ems0|s 23366
S 29870506 |5 29492000 s s -
s 1 | [cEovoor |5 w5 mams0| |3 sws0|s 38ss0|s 280500
S 20040500 |5 29.570.880 s 15 -
S 200405005 29.619.552 i[s s -
s s - COPVEU |5 603000005 59834055| [ a0i000|s 6853|5245
S 3355005 3150057 s 15 -
s s - COPVED |5 om0 s 02| |3 Tmso0|s s |5 aliw
§ 330778405 33532000 o[s T3 g
S 33080577 |5 35532000 i[s s -
s 1 | [cEovoor |5 eomis2|s 6565500| |5 9600665 4985005 361566
§ 33631000 S 3344045 B T3 :
13012020|N i[s I3 - COPVEU |5 33371000(5 33019795| |[§ 7400005 637380|5 102660
30022030 oS s - i[s s -
COMPRA + VENTA
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COMPORTAMIENTO DE LAS SERIES DE PRECIOS DE LA ACCION Y EL ADR
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PRIMERAS DIFERENCIAS Y LOGARITMOS
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TEST RAICES UNITARIAS EU

Null Hypothesis: LOG(EU) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

Null Hypothesis: D(LOG(EU)) has a unit root
Exogenous: None
Lag Length: O (Automatic - based on SIC, maxlag=18)

Du.rbin-Watson stat

t-Statistic ~ Prob.*
IAugmented Dickey-Fuller test statistic -0.030058 0.6724
Test critical values: 1% level -2.569011
5% level -1.941378
10% level -1.616327
*MacKinnon (1996) one-sided p-values.
IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(EU))
Method: Least Squares
Date: 06/09/20 Time: 19:25
Sample (adjusted): 2 573
Included observations: 572 after adjustments
Variable Coefficient Std. Error t-Statistic ~ Prob.
LOG(EU(-1)) -1.86E-06 6.17E-05 -0.030058 0.9760
R-squared 0.000001 Mean dependent var -6.15E-06
IAdjusted R-squared  0.000001 S.D. dependentvar  0.011824
S.E. of regression 0.011824 Akaike info criterion -6.035696
Sum squared resid ~ 0.079824  Schwarz criterion -6.028092
Log likelihood 1727.209 Hannan-Quinn criter. -6.032729
2.012387

t-Statistic ~ Prob.*
IAugmented Dickey-Fuller test statistic -24.16128  0.0000
Test critical values: 1% level -2.569018
5% level -1.941379
10% level -1.616327
*MacKinnon (1996) one-sided p-values.
IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(EU),2)
Method: Least Squares
Date: 06/09/20 Time: 19:28
Sample (adjusted): 3 573
Included observations: 571 after adjustments
Variable Coefficient Std. Error t-Statistic ~ Prob.
D(LOG(EU(-1))) -1.010106 0.041807 -24.16128 0.0000
R-squared 0.505960 Mean dependent var -5.99E-05
IAdjusted R-squared  0.505960 S.D. dependentvar  0.016787
S.E. of regression 0.011800 Akaike info criterion -6.039768
Sum squared resid 0.079360 Schwarz criterion -6.032154
Log likelihood 1725.354 Hannan-Quinn criter. -6.036797
Durbin-Watson stat ~ 2.004224




TEST RAICES UNITARIAS COP

Null Hypothesis: LOG(COP) has a unit root Null Hypothesis: D(LOG(COP)) has a unit root
Exogenous: None Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18) Lag Length: 0 (Automatic - based on SIC, maxlag=18)
t-Statistic ~ Prob.* t-Statistic ~ Prob.*
Augmented Dickey-Fuller test statistic -1.510764 0.1227 IAugmented Dickey-Fuller test statistic -24.85004  0.0000
Test critical values: 1% level -2.569011 Test critical values: 1% level -2.569018
5% level -1.941378 5% level -1.941379
10% level -1.616327 10% level -1.616327
*MacKinnon (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.
IAugmented Dickey-Fuller Test Equation IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(COP)) Dependent Variable: D(LOG(COP),2)
Method: Least Squares Method: Least Squares
Date: 06/09/20 Time: 19:29 Date: 06/09/20 Time: 19:30
Sample (adjusted): 2 573 Sample (adjusted): 3 573
Included observations: 572 after adjustments Included observations: 571 after adjustments
Variable Coefficient Std. Error  t-Statistic ~ Prob. Variable Coefficient Std. Error  t-Statistic ~ Prob.
LOG(COP(-1)) -0.000156 0.000104 -1.510764 0.1314 D(LOG(COP(-1))) -1.039501 0.041831 -24.85004 0.0000
R-squared 0.000158 Mean dependent var -0.001202 R-squared 0.520005 Mean dependent var -9.34E-05
IAdjusted R-squared  0.000158 S.D. dependentvar  0.019420 IAdjusted R-squared  0.520005 S.D. dependentvar  0.028034
S.E. of regression 0.019419 Akaike info criterion -5.043412 S.E. of regression 0.019422  Akaike info criterion -5.043061
,'Sﬁrn squared resid 0.215316 Schwarz criterion -5.035809 Sum squared resid 0.215014 Schwarz criterion -5.035447
Leg likelihood 1443.416 Hannan-Quinn criter. -5.040446 Log likelihood 1440.794 Hannan-Quinn criter. -5.040091
Dyrbir.]-Watson stat  2.080126 Durbin-Watson stat  1.996671




REGRESION LINEAL DE EU Y COP

Dependent Variable: LOG(EU)
Method: Least Squares

Date: 06/09/20 Time: 19:33
Sample (adjusted): 1 573

Included observations: 573 after adjustments

0.145392
12.09144
292.3763
0.022121

S.E. of regression
Sum squared resid
Log likelihood
Durbin-Watson stat

Variable Coefficient Std. Error  t-Statistic  Prob.
LOG(COP) 1.020916 0.000775 1318.021 0.0000
R-squared -3.163026 Mean dependent var  8.006455
Adjusted R-squared -3.163026 S.D. dependentvar  0.071258

Akaike info criterion -1.017020
Schwarz criterion -1.009427
Hannan-Quinn criter. -1.014058




®  Burbin-Watson stat
[ ] [ ]

TEST RAICES UNITARIAS ERROR

Null Hypothesis: ERROR has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

Null Hypothesis: D(ERROR) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic ~ Prob.*
IAugmented Dickey-Fuller test statistic -1.896043  [HI0SEA |
Test critical values: 1% level -2.569011
5% level -1.941378
10% level -1.616327
*MacKinnon (1996) one-sided p-values.
IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(ERROR)
Method: Least Squares
Date: 06/09/20 Time: 19:35
Sample (adjusted): 2 573
Included observations: 572 after adjustments
Variable Coefficient Std. Error  t-Statistic ~ Prob.
ERROR(-1) -0.011820 0.006234 -1.896043 0.0585
R-squared 0.003078 Mean dependent var  0.001221
I/Adjusted R-squared  0.003078 S.D. dependentvar  0.021609
S.E. of regression 0.021575 Akaike info criterion -4.832790
® Isum squared resid ~ 0.265796 Schwarz criterion -4.825186
Log likelihood 1383.178 Hannan-Quinn criter. -4.829824
2.197786

t-Statistic ~ Prob.*
IAugmented Dickey-Fuller test statistic -26.53635  0.0000
Test critical values: 1% level -2.569018
5% level -1.941379
10% level -1.616327
*MacKinnon (1996) one-sided p-values.
IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(ERROR,2)
Method: Least Squares
Date: 06/09/20 Time: 19:35
Sample (adjusted): 3 573
Included observations: 571 after adjustments
Variable Coefficient Std. Error  t-Statistic ~ Prob.
D(ERROR(-1)) -1.105465 0.041659 -26.53635 0.0000
R-squared 0.552652 Mean dependent var  3.54E-05
IAdjusted R-squared  0.552652 S.D. dependentvar  0.032203
S.E. of regression 0.021539 Akaike info criterion -4.836179

0.264433
1381.729
2.001618

Schwarz criterion -4.828565
Hannan-Quinn criter. -4.833208

Sum squared resid
Log likelihood
Durbin-Watson stat
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TEST RAICES UNITARIAS EU

Null Hypothesis: LOG(EU) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

Null Hypothesis: D(LOG(EU)) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic  Prob.*

Augmented Dickey-Fuller test statistic ~ -23.05907  0.0000

t-Statistic  Prob.*

Augmented Dickey-Fuller test statistic 1.061838  0.9250
Test critical values: 1% level -2.569011
5% level -1.941378
10% level -1.616327

Test critical values: 1% level -2.569018
5% level -1.941379
10% level -1.616327

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(EU))
Method: Least Squares

Date: 06/09/20 Time: 13:58

Sample (adjusted): 2 573
Included observations: 572 after adjustments

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(EU),2)
Method: Least Squares
Date: 06/09/20 Time: 14:08
Sample (adjusted): 3 573
Included observations: 571 after adjustments

Variable Coefficient Std. Error t-Statistic  Prob.

Variable Coefficient Std. Error t-Statistic  Prob.

LOG(EU(-1))  5.96E-05 5.62E-05 1061838 0.2888

D(LOG(EU(-1))) -0.968077 0.041982 -23.05907 0.0000

R-squared -0.000046
Adjusted R-squared -0.000046
+ S.E.of regression  0.013921

Qum squared resid  0.110653
» Log likelihood  1633.808
.Emr.bin—Watson stat 1.933591

Mean dependent var  0.000625
S.D. dependent var  0.013920
Akaike info criterion -5.709118
Schwarz criterion  -5.701514
Hannan-Quinn criter. -5.706152

R-squared 0.482626
Adjusted R-squared 0.482626
S.E. of regression  0.013935
Sum squared resid  0.110690
Log likelihood ~ 1630.358
Durbin-Watson stat 1.989565

Mean dependent var  3.15E-05
S.D. dependent var  0.019374
Akaike info criterion -5.707034
Schwarz criterion  -5.699421
Hannan-Quinn criter. -5.704064

[ ]



TEST RAICES UNITARIAS COP

Null Hypothesis: LOG(COP) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic  Prob.*

Augmented Dickey-Fuller test statistic 1.195851 0.9409
Test critical values: 1% level -2.569011
5% level -1.941378
10% level -1.616327

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(COP))
Method: Least Squares

Date: 06/09/20 Time: 14:09

Sample (adjusted): 2 573
Included observations: 572 after adjustments

Null Hypothesis: D(LOG(COP)) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic  Prob.*

Augmented Dickey-Fuller test statistic ~ -24.34993  0.0000
Test critical values: 1% level -2.569018
5% level -1.941379
10% level -1.616327

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(COP),2)
Method: Least Squares
Date: 06/09/20 Time: 14:10
Sample (adjusted): 3 573
Included observations: 571 after adjustments

Variable Coefficient Std. Error t-Statistic ~ Prob.

D(LOG(COP(-1))) -1.022863 0.042007 -24.34993 0.0000

Variable Coefficient Std. Error t-Statistic ~ Prob.
LOG(COP(-1)) 6.72E-05 5.62E-05 1.195851 0.2323
R-squared -0.000066 Mean dependent var  0.000704
Adjusted R-squared -0.000066 S.D. dependentvar  0.013903

Akaike info criterion -5.711564
Schwarz criterion  -5.703961
Hannan-Quinn criter. -5.708598

S.E. of regression  0.013904
Sum squared resid  0.110383

Log likelihood  1634.507
4 Durbin-Watson stat 2.044108

R-squared 0.509852
Adjusted R-squared 0.509852
S.E. of regression  0.013929
Sum squared resid  0.110587
Log likelihood  1630.624
Durbin-Watson stat 1.994094

Mean dependent var  3.98E-05
S.D. dependent var  0.019895
Akaike info criterion -5.707966
Schwarz criterion  -5.700353
Hannan-Quinn criter. -5.704996




REGRESION LINEAL DE EU Y COP

Dependent Variable: LOG(EU)

Method: Least Squares

Date: 06/09/20 Time: 14:11
Sample (adjusted): 1 573
Included observations: 573 after adjustments

Variable Coefficient Std. Error t-Statistic ~ Prob.
LOG(COP) 1.002552 0.000146 6883.492 0.0000
R-squared 0.790554  Mean dependent var  10.36605

Adjusted R-squared 0.790554  S.D. dependentvar  0.078769
S.E. of regression  0.036049  Akaike info criterion -3.806138
Sum squared resid  0.743327 Schwarz criterion  -3.798545

Log likelihood  1091.459 Hannan-Quinn criter. -3.803176

Durbin-Watson stat

0.094816




TEST RAICES UNITARIAS ERROR

Null Hypothesis: ERROR has a unit root
Exogenous: None

Lag Length: 3 (Automatic - based on SIC, maxlag=18)

Null Hypothesis: D(ERROR) has a unit root
Exogenous: None

Lag Length: 2 (Automatic - based on SIC, maxlag=18)

t-Statistic ~ Prob.*
Augmented Dickey-Fuller test statistic  -2.093100  [FISS8E |
Test critical values: 1% level -2.569032
5% level -1.941381
10% level -1.616325
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ERROR)
Method: Least Squares
Date: 06/09/20 Time: 14:13
Sample (adjusted): 5573
Included observations: 569 after adjustments
Variable Coefficient Std. Error t-Statistic ~ Prob.
ERROR(-1) -0.024881 0.011887 -2.093100 0.0368
D(ERROR(-1)) -0.449993 0.042235 -10.65452 0.0000
D(ERROR(-2)) -0.304338 0.044231 -6.880636 0.0000
D(ERROR(-3)) -0.134042 0.041581 -3.223620 0.0013
R-squared 0.197586 Mean dependent var -8.28E-05
Adjusted R-squared 0.193325  S.D. dependentvar  0.011129
S.E. of regression  0.009995  Akaike info criterion -6.366417
Sum squared resid  0.056446 Schwarz criterion  -6.335880
® Log likelihood  1815.246 Hannan-Quinn criter. -6.354502

®| Durbin-Watson stat 2.023718

t-Statistic ~ Prob.*
Augmented Dickey-Fuller test statistic ~ -19.96531  0.0000
Test critical values: 1% level -2.569032
5% level -1.941381
10% level -1.616325
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ERROR,2)
Method: Least Squares
Date: 06/09/20 Time: 14:13
Sample (adjusted): 5573
Included observations: 569 after adjustments
Variable Coefficient Std. Error t-Statistic ~ Prob.
D(ERROR(-1)) -1.922365 0.096285 -19.96531 0.0000
D(ERROR(-1),2) 0.455853 0.071855 6.344111 0.0000
D(ERROR(-2),2) 0.140369 0.041595 3.374686 0.0008
R-squared 0.699056  Mean dependent var -1.03E-05
Adjusted R-squared 0.697992  S.D. dependentvar  0.018242
S.E. of regression  0.010025 Akaike info criterion -6.362208
Sum squared resid  0.056884 Schwarz criterion ~ -6.339305
Log likelihood  1813.048 Hannan-Quinn criter. -6.353271

Durbin-Watson stat 2.025939




Fecha FRROR
2/01/2017 0.0546
3/01/2017 0.0590
4/01/2017 0.0500
5/01/2017 0.0555
6/01/2017 0.0568
9/01/2017 0.0638

10/01/2017 0.0574
11/01/2017 0.0657
12/01/2017 0.0548

13/01/2017 0.0522

28/02/2019 0.0072
1/03/2019 0.0095
4/03/2019 0.0157
5/03/2019 -0.0004
6/03/2019 0.0049
7/03/2019 0.0056
8/03/2019 0.0128

11/03/2019 0.0093

12/03/2019 0.0088

13/03/2019 0.0084

Desv Est 0.0360

CALCULO DE LIMITES

PISO

-0.0360

TECHO

0.0360
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TEST RAICES UNITARIAS EU

Null Hypothesis: LOG(EU) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

Null Hypothesis: D(LOG(EU)) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic ~ Prob.*

t-Statistic ~ Prob.*

Augmented Dickey-Fuller test statistic ~ -0.032334 0.6716
Test critical values: 1% level -2.569011
5% level -1.941378
10% level -1.616327

Augmented Dickey-Fuller test statistic ~ -24.16128 0.0000

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(EU))
Method: Least Squares

Date: 06/09/20 Time: 16:09

Sample (adjusted): 2 573
Included observations: 572 after adjustments

Test critical values: 1% level -2.569018
5% level -1.941379
10% level -1.616327

Variable Coefficient Std. Error t-Statistic ~ Prob.

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(EU),2)
Method: Least Squares
Date: 06/09/20 Time: 16:10
Sample (adjusted): 3 573
Included observations: 571 after adjustments

LOG(EU(-1)) -2.25E-06 6.97E-05 -0.032334 0.9742

R-squared 0.000002
Adjusted R-squared 0.000002
S.E. of regression  0.011824
eSUm squared resid  0.079824

Mean dependent var  -6.15E-06
S.D. dependent var  0.011824
Akaike info criterion -6.035696
Schwarz criterion  -6.028093

dLog likelihood  1727.209 Hannan-Quinn criter. -6.032730
Dtirbin-Watson stat 2.012387
L J L J

Variable Coefficient Std. Error t-Statistic  Prob.

D(LOG(EU(-1))) -1.010106 0.041807 -24.16128 0.0000

R-squared 0.505960
Adjusted R-squared 0.505960
S.E. of regression  0.011800
Sum squared resid  0.079360
Log likelihood  1725.354
Durbin-Watson stat 2.004224

Mean dependent var  -5.99E-05
S.D. dependent var  0.016787
Akaike info criterion -6.039768
Schwarz criterion  -6.032154
Hannan-Quinn criter. -6.036797




TEST RAICES UNITARIAS COP

Null Hypothesis: LOG(COP) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

t-Statistic ~ Prob.*

-0.078306  0.6563
-2.569011
-1.941378

-1.616327

Augmented Dickey-Fuller test statistic
Test critical values: 1% level
5% level
10% level

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(COP))
Method: Least Squares

Date: 06/09/20 Time: 16:11

Sample (adjusted): 2 573
Included observations: 572 after adjustments

Null Hypothesis: D(LOG(COP)) has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=18)

Variable Coefficient Std. Error t-Statistic  Prob.

LOG(COP(-1)) -5.50E-06 7.02E-05 -0.078306 0.9376

Mean dependent var  -2.90E-05
S.D. dependent var  0.011915
Akaike info criterion -6.020223
Schwarz criterion  -6.012620
Hannan-Quinn criter. -6.017257

R-squared 0.000005
Adjusted R-squared 0.000005
# S.E. of regression  0.011915
, Sum squared resid  0.081069
eLog likelihood  1722.784

'D.urtJiD-Watson stat 2.148854

t-Statistic ~ Prob.*
Augmented Dickey-Fuller test statistic ~ -25.73191  0.0000
Test critical values: 1% level -2.569018
5% level -1.941379
10% level -1.616327
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(LOG(COP),2)
Method: Least Squares
Date: 06/09/20 Time: 16:11
Sample (adjusted): 3 573
Included observations: 571 after adjustments
Variable Coefficient Std. Error  t-Statistic ~ Prob.
D(LOG(COP(-1))) -1.075630 0.041801 -25.73191 0.0000
R-squared 0.537386  Mean dependent var -2.90E-05
Adjusted R-squared 0.537386  S.D. dependentvar  0.017482
S.E. of regression  0.011891  Akaike info criterion -6.024391
Sum squared resid  0.080590 Schwarz criterion  -6.016778

Log likelihood  1720.964
Durbin-Watson stat 2.007084

Hannan-Quinn criter. -6.021421




REGRESION LINEAL DE EU Y COP

Dependent Variable: LOG(EU)
Method: Least Squares
Date: 06/09/20 Time: 16:12
Sample (adjusted): 1 573
Included observations: 573 after adjustments

Variable Coefficient Std. Error t-Statistic  Prob.

LOG(COP) 0.999638 6.06E-05 16484.21 0.0000

R-squared 0.979121 Mean dependent var  7.090164
Adjusted R-squared 0.979121  S.D. dependentvar  0.071258
S.E. of regression  0.010296  Akaike info criterion -6.312294
Sum squared resid 0.060642 Schwarz criterion  -6.304701
Log likelihood  1809.472 Hannan-Quinn criter. -6.309332
Durbin-Watson stat 1.246286




TEST RAICES UNITARIAS ERROR

Null Hypothesis: ERROR has a unit root
Exogenous: None

Lag Length: 2 (Automatic - based on SIC, maxlag=18)

Null Hypothesis: D(ERROR) has a unit root
Exogenous: None

Lag Length: 3 (Automatic - based on SIC, maxlag=18)

®Durbin-Watson stat 2.009257

t-Statistic ~ Prob.*
Augmented Dickey-Fuller test statistic ~ -8.362816  0.0000
Test critical values: 1% level -2.569025
5% level -1.941380
10% level -1.616326
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ERROR)
Method: Least Squares
Date: 06/09/20 Time: 16:13
Sample (adjusted): 4 573
Included observations: 570 after adjustments
Variable Coefficient Std. Error t-Statistic ~ Prob.
ERROR(-1) -0.410235 0.049055 -8.362816 0.0000
D(ERROR(-1)) -0.338672 0.050221 -6.743633 0.0000
D(ERROR(-2)) -0.118870 0.041581 -2.858729 0.0044
R-squared 0.364998 Mean dependent var -7.10E-06
Adjusted R-squared 0.362758  S.D. dependentvar  0.011502
M S.E. of regression  0.009182  Akaike info criterion -6.537911
pSum squared resid 0.047802  Schwarz criterion  -6.515039
eLog likelihood  1866.305 Hannan-Quinn criter. -6.528987

t-Statistic ~ Prob.*
Augmented Dickey-Fuller test statistic ~ -17.69431  0.0000
Test critical values: 1% level -2.569040
5% level -1.941382
10% level -1.616325
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ERROR,2)
Method: Least Squares
Date: 06/09/20 Time: 16:14
Sample (adjusted): 6 573
Included observations: 568 after adjustments
Variable Coefficient Std. Error t-Statistic ~ Prob.
D(ERROR(-1)) -2.418408 0.136677 -17.69431 0.0000
D(ERROR(-1),2) 0.750310 0.113834 6.591249 0.0000
D(ERROR(-2),2) 0.357956 0.080237 4.461232 0.0000
D(ERROR(-3),2) 0.129547 0.041675 3.108528 0.0020
R-squared 0.769225 Mean dependent var  5.42E-06
Adjusted R-squared 0.767997  S.D. dependent var  0.019860
S.E. of regression  0.009566  Akaike info criterion -6.454239
Sum squared resid  0.051608 Schwarz criterion  -6.423660
Log likelihood  1837.004 Hannan-Quinn criter. -6.442306

Durbin-Watson stat 2.006823




CALCULO DE LIMITES

PISO

-0.0103

TECHO

Fecha ERROR
2/01/2017| -0.0167
3/01/2017| 0.0005
4/01/2017 0.0004
5/01/2017| 0.0057
6/01/2017| 0.0023
9/01/2017 -0.0067

10/01/2017, 0.0042
11/01/2017, 0.0045
12/01/2017, 0.0009
13/01/2017, 0.0049
28/02/2019 0.0156
1/03/2019 -0.0002
4/03/2019 -0.0030
5/03/2019 0.0001
6/03/2019 -0.0117
7/03/2019 0.0065
8/03/2019 0.0081
11/03/2019 -0.0041
12/03/2019 -0.0033
13/03/2019 -0.0036
Desv Est 0.0103

0.0103




VARIACION ERROR
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RESUMEN DE LA APLICACION DE LA ESTRATEGIA DE ARBITRAJE

COINTEGRACION ARBITRAJE
series de precios Procede 2
con Raiz unitaria| Raiz unitaria |Raiz unitariaf . . | Crucede | No.ciclos |Resultados | Resultados
comportamiento - ADR (EU) [Accion (COP)| ERROR apllcacpn limites | arbitraje | positivos | Negativos
similiar estrategla
ECOPETROL Sl Sl Sl Sl Sl Sl 8 5=62.5% | 3=37.5%
AVIANCA NO SI SI NO NO N/A N/A N/A N/A
BANCOLOMBIA SI SI S| S| S| NO 0 0 0
AVAL SI SI SI SI SI SI 1 5=71% | 2=29%




COMPARATIVO DE EFECTIVIDAD DE LA ESTRATEGIA DE ARBITRAJE
FRENTE A OTROS ACTIVOS LIBRES DE RIESGO

ESTRATEGIA ARBITRAJE ACTIVOS LIBRES DE RIESGO
ECOPETROL AVAL Bono TFIT15240720 CDT 360
Periodo lafio 1afio 1afio 1afo
Inverison $100.000.000 | S 100.000.000 | S 100.000.000 [ S  100.000.000
Tasa libre de riesgo EA - - 4,53% 5,46%
Tasa oportunidad EA 4,34% 0,82% - -
utilidades S 4338500 (S 829.251 | S 4.530.000 | S 5.460.000




CONCLUSIONES

Al recolectar la informacion mediante la plataforma Bloomberg, se evidencio que las acciones y sus ADRs tuvieron
los mismos dias de cotizacion, lo cual facilito los procesos de andlisis y posterior aplicacion de la estrategia.

Para la correlacion de los datos, se uso el concepto de cointegracion el cual permitié corroborar que si existen una
dependencia entre la accion y el ADR, por lo que el comportamiento de una influenciaba la otra. Adicional en los
resultados obtenidos en los test de raices unitarias en que en su nivel que fueron inferiores al 90%, no fueron aptos para
la aplicacion de la estrategia debido a que la poca probabilidad de cointegracion pudo afectar el comportamiento de las
series de datos. Asi mismo, en el caso de Avianca Holdings, se observd desde un principio la accion y el ADR no
estaban cointegrados por lo cual la ampliacion de la estrategia de arbitraje hubiese sido ineficaz.



Se logro disefiar una estrategia de arbitraje que permitiera aprovechar los comportamientos atipicos
de las series de precios cointegradas.

De las 4 empresas que poseen ADRs, solo en Ecopetrol y Aval se pudo aplicar la estrategia de
arbitraje debido a que las series de precios presentaros la suficiente variacion o volatilidad en la linea de
tendencia para superar los puntos extremos, el cual fue el caso contrario de Bancolombia la cual cumplio
todas las condiciones, pero su variacion no supero los limites extremos.

Al momento de comparar los resultados de la estrategia frente a otros activos libres de riesgo
(CDT360, Bono), en un periodo de tiempo determinado, se evidencia que la accion de Ecopetrol en
cierta medida tuvo una rentabilidad igual al de los activos de riesgo, caso contrario con Aval la cual
presento una rentabilidad bastante baja, esto debido a posiblemente a la baja variacion o volatilidad de
los precios.
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