
 



 
 

𝐴𝑅𝐼𝑀𝐴 (𝐴𝑅 = 𝑎𝑢𝑡𝑜𝑟𝑒𝑔𝑟𝑒𝑠𝑖𝑣𝑜, 𝐼 = 𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑑𝑜 𝑦 𝑀𝐴 = 𝑚𝑒𝑑𝑖𝑎 𝑚ó𝑣𝑖𝑙)

(𝑦𝑡)

(𝑦𝑡)

 

𝐸(𝑦𝑡) = 𝜇  ∀ 𝑡 = 1, 2, 3, … . . ∞

 (𝑦𝑡)

𝑣𝑎𝑟(𝑦𝑡) = 𝐸(𝑦𝑡 − 𝜇 )(𝑦𝑡 − 𝜇 ) = 𝐸(𝑦𝑡 − 𝜇)2 = 𝜎2  ∀ 𝑡

 

𝐸(𝑦𝑡1
− 𝜇 )(𝑦𝑡2

− 𝜇 ) = 𝛾𝑡2−𝑡1
  ∀  𝑡2, 𝑡1

𝐴𝑅𝐼𝑀𝐴 (𝑝, 𝑑, 𝑞)

𝐴𝑅(𝑝)

𝐼(𝑑)

𝑀𝐴(𝑞)

                                                           


mailto:rogerbanegas@uagrm.edu.bo


 

𝐴𝑅𝐼𝑀𝐴(𝑝, 𝑑, 𝑞

𝑦𝑡

𝑦𝑡 = 𝜇 + 𝜙1𝑦𝑡−1 + 𝜙2𝑦𝑡−2 + ⋯ 𝜙𝑝𝑦𝑡−𝑝 + 𝜃1𝜀𝑡−1 + 𝜃2𝜀𝑡−2 𝜃𝑞𝜀𝑡−𝑞 +

𝜀𝑡

𝜙1 < 1  ⋀  𝜃1 < 1

(𝐼 = 𝑑 = 0, 1, 2)

 𝐼 = 0 (𝑦𝑡)

 𝐼 = 1

(Δ𝑦𝑡 = 𝑦𝑡 − 𝑦𝑡−1)

 𝐼 = 2

(∆∆𝑦𝑡)

𝐴𝑅𝐼𝑀𝐴 (𝑝, 𝑑, 𝑞)

𝑦𝑡 = 𝜇 + ∑ 𝜙𝑖𝑦𝑡−𝑖
𝑝
𝑖=0 ∑ 𝜃𝑗𝜀𝑡−𝑗

𝑞
𝑗=0 + 𝜀𝑡

𝐴𝑅𝐼𝑀𝐴 (𝑝, 𝑑, 𝑞)

𝐿𝑖𝑦𝑡  𝑦𝑡−𝑖

 𝑦𝑡−1 = 𝐿𝑦𝑡

 𝑦𝑡−2 = 𝐿2𝑦𝑡

 𝑦𝑡−3 = 𝐿3𝑦𝑡

 𝑦𝑡−4 = 𝐿4𝑦𝑡

(𝐿𝑖)

𝐿𝑖𝜀𝑡  𝜀𝑡−𝑖

𝜀𝑡−1 = 𝐿𝜀𝑡

𝜀𝑡−2 = 𝐿2𝜀𝑡

𝜀𝑡−3 = 𝐿3𝜀𝑡

𝜀𝑡−4 = 𝐿4𝜀𝑡



 

𝑦𝑡 = 𝜇 + 𝜙1𝐿𝑦𝑡 + 𝜙2𝐿2𝑦𝑡 + ⋯ 𝜙𝑝𝐿𝑝𝑦𝑡 + 𝜃1𝐿𝜀𝑡 + 𝜃2𝐿2𝜀𝑡 𝜃𝑞𝐿𝑞𝜀𝑡 + 𝜀𝑡

𝑦𝑡 − 𝜙1𝐿𝑦𝑡 − 𝜙2𝐿2𝑦𝑡 − ⋯ − 𝜙𝑝𝐿𝑝𝑦𝑡 = 𝜇 + 𝜃1𝐿𝜀𝑡 + 𝜃2𝐿2𝜀𝑡 + ⋯ +  𝜃𝑞𝐿𝑞𝜀𝑡 + 𝜀𝑡

𝑦𝑡(1 − 𝜙1𝐿 − 𝜙2𝐿2 − ⋯ −𝜙𝑝𝐿𝑝) = 𝜇 + (𝜃1𝐿 + 𝜃2𝐿2 + ⋯ + 𝜃𝑞𝐿𝑞 + 1)𝜀𝑡

 

𝐴𝑅(𝑝) 𝑀𝐴(𝑞)

𝐴𝑅(1)

𝑦𝑡 = 𝜇 + 𝜙1𝑦𝑡−1 + 𝜀𝑡 𝜇 = 0, 𝜙1 = 0.7

𝑦𝑡 = 0.7 𝐿𝑦𝑡 + 𝜀𝑡

𝑦𝑡 − 0.7 𝐿𝑦𝑡 = 𝜀𝑡

𝑦𝑡(1 − 0.7 𝐿) = 𝜀𝑡

𝐿

1 − 0.7 𝐿 = 0

 𝐿 =
1

0.7
= 1.43 → |𝐿| > 1  ∨    |𝐿|−1 < 1;  ∴ 𝐸𝑙 𝑚𝑜𝑑𝑒𝑙𝑜 𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑜     

𝑀𝐴(1)



 

𝑦𝑡 = 𝜇 + 𝜃1𝜀𝑡−1 + 𝜀𝑡 𝜇 = 0, 𝜃1 = 1.2

𝑦𝑡 = 1.2𝐿𝜀𝑡 + 𝜀𝑡

𝑦𝑡 = 𝜀𝑡(1.20𝐿 + 1)

𝐿

1.20𝐿 + 1 = 0

 𝐿 = −
1

1.2
= 0.83 → |𝐿| < 1  ∨    |𝐿|−1 > 1;  ∴ 𝐸𝑙 𝑚𝑜𝑑𝑒𝑙𝑜 𝑛𝑜 𝑒𝑠 𝑖𝑛𝑣𝑒𝑟𝑡𝑖𝑏𝑙𝑒     

 𝑆𝐴𝑅𝐼𝑀𝐴

𝐴𝑅𝐼𝑀𝐴

𝑆𝐴𝑅𝐼𝑀𝐴

𝐴𝑅 (𝑝)

𝐼 (𝑑)

𝑀𝐴 𝑞)

𝑺

𝑆𝐴𝑅𝐼𝑀𝐴 (𝑝, 𝑑, 𝑞)(𝑃, 𝐷, 𝑄)𝑀

(𝑝, 𝑑, 𝑞) < −𝑝𝑟𝑜𝑐𝑒𝑠𝑜𝑠 𝑎𝑟𝑖𝑚𝑎

(𝑃, 𝐷, 𝑄)𝑀 < −𝑝𝑟𝑜𝑐𝑒𝑠𝑜𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑙𝑒𝑠

𝑀 = 12; 𝑑𝑎𝑡𝑜𝑠 𝑚𝑒𝑛𝑠𝑢𝑎𝑙𝑒𝑠

𝑀 = 4; 𝑑𝑎𝑡𝑜𝑠 𝑡𝑟𝑖𝑚𝑒𝑠𝑡𝑟𝑎𝑙𝑒𝑠

𝑀 = 2; 𝑑𝑎𝑡𝑜𝑠 𝑠𝑒𝑚𝑒𝑠𝑡𝑟𝑎𝑙𝑒𝑠

𝑀 = 3; 𝑑𝑎𝑡𝑜𝑠 𝑐𝑢𝑎𝑡𝑟𝑖𝑚𝑒𝑠𝑡𝑟𝑎𝑙𝑒𝑠

𝑀 = 365; 𝑑𝑎𝑡𝑜𝑠 𝑑𝑖𝑎𝑟𝑖𝑜𝑠

𝑆𝐴𝑅𝐼𝑀𝐴



 

𝐸𝑗𝑒𝑚𝑝𝑙𝑜: 𝑆𝐴𝑅𝐼𝑀𝐴 (2,0,1)(1,0, 0)12

𝑦𝑡 𝜇 + 𝜙1𝑦𝑡−1 + 𝜙1𝑦𝑡−2 + 𝜃1𝜀𝑡−1 + 𝜑𝑠𝑦𝑡−12 + 𝜀𝑡

 

(𝑦𝑡)

𝜏𝑡

𝜍𝑡

𝑠𝑡 =

𝜀𝑡

 

𝑦𝑡 = 𝜏𝑡 + 𝜍𝑡 + 𝑠𝑡 + 𝜀𝑡

 

𝑦𝑡 = 𝜏𝑡 ∗ 𝜍𝑡 ∗ 𝑠𝑡 ∗ 𝜀𝑡

𝑦𝑡 𝑦𝑡 > 0

 

𝑦𝑡 = 𝜏𝑡 ∗ (1 + 𝜍𝑡)(1 + 𝑠𝑡) + 𝜀𝑡

 



 

 

 

𝐴𝑅𝐼𝑀𝐴 (𝑝, 𝑑, 𝑞)

𝑀𝐴(𝑞)

𝐼 = {0, 1, 2}

𝐴𝑅(𝑝)

  

 



 

  

 

  (𝑀𝐸).

 

𝑅𝑀𝑆𝐸)

 

(𝑀𝐴𝐸)

 

(𝑀𝑃𝐸)

 

(𝑀𝐴𝑃𝐸)

 

(𝑀𝐴𝑆𝐸)



 

(𝑆𝑐𝑟𝑖𝑝𝑡 1)

#### Script 1####################################### 

#### Paqueterías y librerías en RStudio############ 

library(psych)   #Para análisis estadístico previo 

library(colorspace) #Para gráficos y colores 

library(ggplot2)  #Para gráficos 

library(tseries) #Para series de tiempo 

library(forecast)#Para pronósticos y fanchart 

library(fpp)#Para pronósticos y fanchart 

library(seasonal) # Para ARIMA estacional 

library(seasonalview)#Para ARIMA estacional 

 

𝐴𝑅𝐼𝑀𝐴

 𝐴𝑅𝐼𝑀𝐴 (1,0,0) 𝐴𝑅(1)

(𝜙) (𝑆𝑐𝑟𝑖𝑝𝑡 2)

𝑦𝑡̂(1 − 𝜙̂𝐿) = 𝜖𝑡̂

𝜖𝑡~ 𝑁𝑖𝑖𝑑(0,1)

𝜙̂ = 0.50;  𝜙̂ = −0.50; 𝜙̂ = 0.90;  𝜙̂ = −0.90

#### Script 2####################################### 

#### Simulación de AR(1) en RStudio################# 

set.seed(124) 

y1_sim <- arima.sim(list(order = c(1,0,0), ar = 0.50), n = 100) 

ts.plot(y1_sim) 

##### Ejemplo, no ejecute############################ 

 

#### Script 3####################################### 

#### Correlogramas en RStudio###################### 

#Gráfica en niveles 

par(mfrow=c(2,1)) 

acf(y1_sim); pacf(y1_sim) 

 

#Gráfica en primera diferencia 

acf(diff(y1_sim)); pacf(diff(y1_sim)) 

par(mfrow=c(1,1)) 

##### Ejemplo, no ejecute############################ 

 

 

 

 

 

 

 



 

 

 

 

 

𝐴𝑅(1)



 

𝝓̂ = 𝟎. 𝟓𝟎

𝝓̂ = −𝟎. 𝟓𝟎



 

𝝓̂ = 𝟎. 𝟗𝟎

𝝓̂ = −𝟎. 𝟗𝟎



 

 

(𝑆𝑐𝑟𝑖𝑝𝑡 3)

𝑦𝑡̂(1 − 𝜙1̂𝐿 − 𝜙2̂𝐿2 − 𝜙3̂𝐿3) = 𝜖𝑡̂

𝜖𝑡~ 𝑁𝑖𝑖𝑑(0,0.2)

𝜙1̂ = 0.10;  𝜙2 = 0.20; 𝜙3 = 0.10

 
#### Script 3######################################### 

#### Simulación ARIMA (3,0,0) en RStudio############## 

# Construcción de una serie 

# 1000 valores simulados de  media 0 y sd. 0.2 asumiendo un modelo 

AR (3) 



 

error.model=function(n){rnorm(n, mean=0, sd=.2)} 

y5_sim=arima.sim(model=list(ar=c(0.1, 0.2, 0.1)), n=1000, 

             rand.gen=error.model ) 

##### Ejemplo, no ejecute############################ 

 

(𝑆𝑐𝑟𝑖𝑝𝑡 4)

𝑦𝑡̂ = 𝜖𝑡̂(1 + 𝜃1̂𝐿 + 𝜃2̂𝐿2)

𝜖𝑡~ 𝑁𝑖𝑖𝑑(0,0.5)

𝜃1̂ = 0.80;  𝜃2 = 0.70



 

#### Script 4######################################### 

#### Simulación ARIMA (0,0, 2) en RStudio############ 

# Se estima un modelo=list(MA=c(0.8, 0.7)) 

# con desv. Est. de .5 

error.model=function(n){rnorm(n, mean=0, sd=.5)} 

y6_sim=arima.sim(model=list(ma=c(0.8, 0.7)), n=1000, 

              rand.gen=error.model ) 

##### Ejemplo, no ejecute############################ 



 

 

(𝑆𝑐𝑟𝑖𝑝𝑡 5)

𝑦𝑡̂(1 − 𝜙1̂𝐿 − 𝜙2̂𝐿2 − 𝜙3̂𝐿3)̂ = 𝜖𝑡̂(1 + 𝜃1̂𝐿 + 𝜃2̂𝐿2)

𝜖𝑡~ 𝑁𝑖𝑖𝑑(0,0.3)

𝜙1̂ = 0.10;  𝜙2 = 0.20; 𝜙3 = 0.10;

𝜃1̂ = 0.80;  𝜃2 = 0.70

#### Script 5######################################### 

#### Simulación ARIMA (3,0,2) en RStudio############## 

# Se simula un ARIMA(3,0,2) con ruido blanco y DS de 0.3, 

# con phi=0.1, 0.2, 0.1 and theta=0.8, 0.7 

error.model=function(n){rnorm(n,mean=0, sd=.3)} 

y7_sim=arima.sim(model=list(ar=c(0.1, 0.2, 0.1), ma=c(0.8, 0.7)), 

n=1000, rand.gen=error.model) 

##### Ejemplo, no ejecute############################ 

 

 



 

 

𝜖𝑡~ 𝑁𝑖𝑖𝑑(0,1)

𝐷𝑡 = {
1 ∀ 𝑜𝑏𝑠.  𝐴𝑡í𝑝𝑖𝑐𝑎
0 𝐸𝑛 𝑜𝑡𝑟𝑜 𝑐𝑎𝑠𝑜

}



 

 

 

 

 (𝑆𝑐𝑟𝑖𝑝𝑡 6)

 

(𝑆𝑐𝑟𝑖𝑝𝑡 6)

 

𝐴𝐼𝐶 = ln(𝜎̂2) + 2𝑘/𝑇

𝑆𝐵𝐼𝐶 =  ln(𝜎̂2) + 𝑘/𝑇 ln 𝑇

𝐻𝑄𝐼𝐶 = 𝑆𝐵𝐼𝐶 =  ln(𝜎̂2) + 2𝑘/𝑇 ln(ln 𝑇)

𝑘 = 𝑝 + 𝑞 + 1; 𝑇 =

𝑛° 𝑑𝑒 𝑂𝑏𝑠; (𝜎̂2) 𝑐𝑜𝑟𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑒 𝑎 𝑙𝑎 𝑣𝑎𝑟𝑖𝑎𝑛𝑧𝑎 𝑑𝑒 𝑙𝑜𝑠 𝑒𝑟𝑟𝑜𝑟𝑒𝑠 𝑑𝑒𝑙 𝑚𝑜𝑑𝑒𝑙𝑜. 

 

 



 

𝑀𝑆𝐸 =
1

𝑁
∑ (𝑦𝑡+𝑠 − 𝑓𝑡,𝑠)

2𝑁
𝑡=1

𝑀𝐴𝐸 =
1

𝑁
∑ |𝑦𝑡+𝑠 − 𝑓𝑡,𝑠|𝑁

𝑡=1

𝑀𝐴𝑃𝐸 =
1

𝑁
∑

|𝑦𝑡+𝑠−𝑓𝑡,𝑠|

𝑦𝑡+𝑠

𝑁
𝑡=1 𝑥100

% 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑜 𝑑𝑒 𝑠𝑖𝑔𝑛𝑜𝑠 𝑑𝑒 𝑝𝑟𝑒𝑑𝑖𝑐𝑐𝑖ó𝑛 =
1

𝑁
 ∑ 𝑧𝑡+𝑠

𝑁
𝑡=1

𝑧𝑡+𝑠 = {1 𝑆𝑖 (𝑦𝑡+𝑠, 𝑓𝑡,𝑠) > 0

0 𝐸𝑛 𝑜𝑡𝑟𝑜 𝑐𝑎𝑠𝑜
}

𝑦𝑡+𝑠 = 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑑𝑎 𝑒𝑛 𝑠 𝑝𝑒𝑟í𝑜𝑑𝑜𝑠 ℎ𝑎𝑐í𝑎 𝑎𝑑𝑒𝑙𝑎𝑛𝑡𝑒; 

𝑓𝑡,𝑠 = 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑝𝑟𝑜𝑛ó𝑠𝑡𝑖𝑐𝑎𝑑𝑎 𝑒𝑛 𝑠 𝑝𝑒𝑟í𝑜𝑑𝑜𝑠 ℎ𝑎𝑐í𝑎 𝑎𝑑𝑒𝑙𝑎𝑛𝑡𝑒. 

#### Script 6######################################### 

#### Prueba de normalidad de residuos en RStudio###### 

#### Prueba de Ljung-Box y Box-Pierce################# 

jarque.bera.test(Resid3) 

shapiro.test(Resid3) 

Box.test(Resid3, type="Ljung-Box") 

Box.test(Resid3, type="Box-Pierce") 

##### Ejemplo, no ejecute############################ 

 

 

𝐴𝑅𝐼𝑀𝐴 (𝑝, 𝑑, 𝑞)

𝑅𝑆𝑡𝑢𝑑𝑖𝑜 𝑆𝑐𝑟𝑖𝑡𝑝 7

 

 

 



 

#### Script 7######################################### 

#### Pronóstico de 10 períodos hacía adelante###### 

fit_ajus3 <- auto.arima(Ex3)  

summary(fit_ajus3) 

 

plot(forecast(fit_ajus3, h=10, level = c(10, 50, 75,90)), xlim= 

c(980, 1010), ylim= c(-2,2), main= "Pronóstico de 10 períodos", col 

= 1) 

abline(h = 0., lty=2)   

abline(h = 1, lty=2)   

abline(h = -1, lty=2) 

##### Ejemplo, no ejecute############################ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

 

 



 

 



 

(𝑆𝑐𝑟𝑖𝑝𝑡 8)

#### Script 8########################################## 

#### Ajuste estacional y descomposición de series###### 

#### de tiempo usando X11############################## 

inf_sa <- seas(inf,x11 = "") 

inf_sa 

inf_sa$data 

inf_componen<-inf_sa$data 

 

plot(inf_componen) 

inf_componen2<-as.data.frame(inf_componen) 

inf_componen2 

inf_ajus<-ts(inf_componen2$seasonaladj, start=c(2015, 1), freq=12) 

plot(inf_ajus) 

 

view(inf_sa) 

plot(inf) 

##### Ejemplo, no ejecute############################ 

 

 

 

 



 

𝐴𝑅𝐼𝑀𝐴 (1,1,0) 𝐴𝑅𝐼𝑀𝐴(0,1,1) (𝑆𝑐𝑟𝑖𝑝𝑡 9)

 

#### Script 9########################################## 

#### Correlogramas de la inflación###### 

#En niveles 

par(mfrow=c(2,1)) 

acf(inf); pacf(inf) 

 

#En primera diferencia 

acf(diff(inf)); pacf(diff(inf)) 

par(mfrow=c(1,1)) 

##### Ejemplo, no ejecute############################ 

 

 

 

 



 

 

𝐴𝑅𝐼𝑀𝐴 (1,1,0)

𝐴𝑅(1)

(𝑆𝑐𝑟𝑖𝑝𝑡 10 𝑦 11)



 

#### Script 10########################################## 

#### Estimación ARIMA(1,1,0) ###### 

inf_f<-window(inf, end=c(2021,08))  # Seis meses fuera de muestra 

 

arima1<-Arima(inf_f, order=c(1,1,0), seasonal = c(0,0,0),  

              xreg = NULL, include.mean = TRUE) 

 

jarque.bera.test(arima1$residuals) 

shapiro.test(arima1$residuals) 

Box.test(arima1$residuals, type="Ljung-Box") 

accuracy(arima1) 

plot(arima1$residuals) 

##### Ejemplo, no ejecute############################ 

 

 

 

 

f



 

#### Script 11########################################## 

#### Creando variables de impulso/intervención ###### 

 

 # Identificando Outlier 

 myboxplot1 <- boxplot(arima1$residuals) 

names(myboxplot1) 

myboxplot1$out  # dos valores atípicos 

3*sd(arima1$residuals) 

max(arima1$residuals) 

min(arima1$residuals) 

plot(arima1$residuals) 

arima1$residuals   

 

 

# Creamos variables de impulso en el archivo excel 

d19_12<- ts(d19_12, start=c(2015, 01), freq=12) 

d20_12<- ts(d20_12, start=c(2015, 01), freq=12)  

 

exogen<-ts.intersect(d19_12, d20_12) 

plot(exogen) 

 

exogen1<-window(exogen, start=c(2015,01), end=c(2021, 08)) 

exogen2<-window(exogen, start=c(2021,09), end=c(2022,02)) 

exogen2 

 

##### Modelo 2, corrigiendo problemas de normalidad ##### 

 

arima2<-Arima(inf_f, order=c(1,1,0), seasonal = c(0,0,0), xreg = 

exogen1, include.mean = TRUE) 

arima2 

summary(arima2) 

jarque.bera.test(arima2$residuals) 

shapiro.test(arima2$residuals) 

Box.test(arima2$residuals, type="Ljung-Box") 

plot(arima2$residuals) 

arima2$residuals 

##### Ejemplo, no ejecute############################ 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

(𝑆𝑐𝑟𝑖𝑝𝑡 12)

#### Script 12########################################## 

#### Modelo de pronóstico para 16 meses hacía adelante ###### al 90% 

de confianza####### 

 

arima3<-Arima(inf_comp, order=c(1,1,0), seasonal = c(0,0,0), xreg = 

exogen1f, include.mean = TRUE) 

 

forecast(arima3, h=16, xreg=exogen2f, level = c(10,25,50,75,90))%>% 

  autoplot(main="Pronóstico de la inflación en Bolivia 

(Jun/2023)")+ 

  ylab("En porcentaje") + xlab("Año")+ 

  xlim(2020, 2023)+ ylim(-4, 6) 

 ##### Ejemplo, no ejecute############################ 
 

 

 

 

 

 

 

 



 

 

 

f f

l l

l l



 

 

 

∆𝜋𝑡 +0.24 𝑦 + 0.28% ∆𝜋𝑡−1

 



 

 

 

 

 



 



 

(𝑃𝐼𝐵)

                                                           


mailto:rogerbanegas@uagrm.edu.bo


 

 



 

 

 



 

 

 



 

 

 

 

𝑦𝑡~𝐼(1)

𝒚𝒕

𝑥𝑡~𝐼(1)

𝑥𝑡 =

𝑦𝑡 = 𝛼 + 𝛽𝑥𝑡 + 𝜀𝑡



 

∆𝑦𝑡 = 𝛼 + 𝛽∆𝑥𝑡 + 𝜀𝑡

𝛽 = 0

𝑥𝑡 𝑦𝑡

 (𝜀𝑡)

 (𝜀𝑡)

 (𝜀𝑡)

 

 

 

 



 

𝑦𝑡 = 𝜙𝑦𝑡−1 + 𝜀𝑡

𝜙 < 1 𝑦𝑡

𝜙 = 1 𝑦𝑡

𝜙 > 1 𝑦𝑡

𝑦𝑡−1

𝑦𝑡−𝑦𝑡−1 = 𝜙𝑦𝑡−1 − 𝑦𝑡−1 + 𝜀𝑡

∆𝑦𝑡 = (𝜙 − 1) 𝑦𝑡−1 + 𝜀𝑡

𝜓 = (𝜙 − 1)

∆𝑦𝑡 =  𝜓𝑦𝑡−1 + 𝜀𝑡

𝐻𝑜 = 𝐿𝑎 𝑠𝑒𝑟𝑖𝑒 𝑦𝑡 𝑡𝑖𝑒𝑛𝑒 𝑢𝑛𝑎 𝑟𝑎í𝑧 𝑢𝑛𝑖𝑡𝑎𝑟𝑖𝑎 𝑜 𝑛𝑜 𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑎 

𝐻1 = 𝐿𝑎 𝑠𝑒𝑟𝑖𝑒 𝑦𝑡  𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑎

𝐻𝑜 =  𝜓 = 0          𝑜  𝜙 = 1

𝐻1 =  𝜓 < 0          𝑜  𝜙 < 1



 

∆𝑦𝑡 =  𝜓𝑦𝑡−1 + ∑ 𝜌𝑖∆𝑦𝑡−𝑖
𝑝
𝑖=1 + 𝜀𝑡

 

∆𝑦𝑡 =  𝜓𝑦𝑡−1 + ∑ 𝜌𝑖∆𝑦𝑡−𝑖
𝑝
𝑖=1 + 𝜀𝑡

 

∆𝑦𝑡 =  𝛼 + 𝜓𝑦𝑡−1 + ∑ 𝜌𝑖∆𝑦𝑡−𝑖
𝑝
𝑖=1 + 𝜀𝑡

𝛼 > 0

𝛼 < 0

 

∆𝑦𝑡 =  𝛼 + 𝜓𝑦𝑡−1 + 𝛽𝑡 + ∑ 𝜌𝑖∆𝑦𝑡−𝑖
𝑝
𝑖=1 + 𝜀𝑡

𝛼 > 0

𝛼 < 0

𝛽 > 0

𝛽 <

𝐻𝑜 = 𝐿𝑎 𝑠𝑒𝑟𝑖𝑒 𝑦𝑡 𝑡𝑖𝑒𝑛𝑒 𝑢𝑛𝑎 𝑟𝑎í𝑧 𝑢𝑛𝑖𝑡𝑎𝑟𝑖𝑎 𝑜 𝑛𝑜 𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑎 

𝐻1 = 𝐿𝑎 𝑠𝑒𝑟𝑖𝑒 𝑦𝑡  𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑎

𝐻0 = 𝐿𝑎 𝑠𝑒𝑟𝑖𝑒 𝑦𝑡  𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑎

𝐻1 = 𝐿𝑎 𝑠𝑒𝑟𝑖𝑒 𝑦𝑡 𝑡𝑖𝑒𝑛𝑒 𝑢𝑛𝑎 𝑟𝑎í𝑧 𝑢𝑛𝑖𝑡𝑎𝑟𝑖𝑎 𝑜 𝑛𝑜 𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑎 



 

𝐼(𝑑),

𝐼(0), 𝑙𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑎 𝑒𝑛 𝑛𝑖𝑣𝑒𝑙𝑒𝑠, 𝑦𝑡

𝐼(1), 𝑙𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑎 𝑑𝑒𝑠𝑝𝑢é𝑠 𝑑𝑒 𝑢𝑛𝑎 𝑝𝑟𝑖𝑚𝑒𝑟𝑎 𝑑𝑖𝑓𝑒𝑟𝑒𝑛𝑐𝑖𝑎, ∆𝑦𝑡

𝐼(2), 𝑙𝑎 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑒𝑠 𝑒𝑠𝑡𝑎𝑐𝑖𝑜𝑛𝑎𝑟𝑖𝑎 𝑑𝑒𝑠𝑝𝑢é𝑠 𝑑𝑒 𝑢𝑛𝑎 𝑠𝑒𝑔𝑢𝑛𝑑𝑎 𝑑𝑖𝑓𝑒𝑟𝑒𝑛𝑐𝑖𝑎, ∆∆𝑦𝑡

[𝐼(𝑑)]

 

𝑦𝑡 =   𝛼0̂ + 𝛼1 ̂𝑥1𝑡 + 𝛼2 ̂𝑥2𝑡 + 𝑢𝑡

𝑦𝑡~𝐼(0) 𝑥1𝑡~𝐼(0)  𝑥2𝑡~𝐼(0)

𝑢𝑡~𝐼(0)

 𝑦𝑡~𝐼(0) 𝑥1𝑡~𝐼(1)  𝑥2𝑡~𝐼(1)

𝑢𝑡~𝐼(1)

 𝑦𝑡~𝐼(1) 𝑥1𝑡~𝐼(1)  𝑥2𝑡~𝐼(2)

𝑢𝑡~𝐼(2)

 𝑦𝑡~𝐼(1) 𝑥1𝑡~𝐼(1)  𝑥2𝑡~𝐼(1)

𝑢𝑡~𝐼(1)



 

 𝑦𝑡~𝐼(1) 𝑥1𝑡~𝐼(1)  𝑥2𝑡~𝐼(1)

𝑢𝑡~𝐼(0)

 𝑦𝑡~𝐼(2) 𝑥1𝑡~𝐼(2)  𝑥2𝑡~𝐼(2)

𝑢𝑡~𝐼(0)

(𝐻𝑜) (𝐻1)

 

∆𝑦𝑡 =   𝛽0̂ + 𝛽1 ̂∆𝑥1𝑡 + 𝛽2 ̂∆𝑥2𝑡 + 𝛾𝑢𝑡−1 + 𝜖𝑡

𝑢𝑡−1 = 𝑦𝑡−1 −   𝛼0̂ − 𝛼1 ̂𝑥1𝑡−1 − 𝛼2 ̂𝑥2𝑡−1 𝛾 < 0

𝑦𝑡~𝐼(1) 𝑥1𝑡~𝐼(1)  𝑥2𝑡~𝐼(1) 𝑢𝑡~𝐼(0), 𝜖𝑡~𝐼(0)

∆𝑦𝑡 =   𝛽0̂ + 𝛽1 ̂∆𝑥1𝑡 + 𝛽2 ̂∆𝑥2𝑡 + +𝛾(𝑦𝑡−1 −   𝛼0̂ − 𝛼1 ̂𝑥1𝑡−1 − 𝛼2 ̂𝑥2𝑡−1) + 𝜖𝑡

𝑢𝑡 , 𝑒𝑥𝑝𝑟𝑒𝑠𝑖ó𝑛 



 

(𝑢𝑡−1)

𝛾

(𝛾 < 0

 

(𝑀𝐸𝐿𝐼 𝑜 𝐵𝐿𝑈𝐸)

 

 

[𝐼(1)] [𝐼(1)]



 

𝐼(1)

 [𝐼(0)]

𝑛 + 1 {𝑦𝑡, 𝑋′𝑡}

𝑦𝑡 = 𝑋′𝑡 𝛽 +  𝐷′1𝑡 𝛾1 + 𝑢1𝑡

{𝐷′1𝑡,  𝐷′2𝑡} 𝑛

𝑋𝑡

𝑋𝑡 = Γ21
′ 𝐷1𝑡 + Γ22

′ 𝐷2𝑡 + 𝜀2𝑡

Δ𝜀2𝑡 = 𝑢2𝑡

𝑝1 𝐷1𝑡

𝑝2 𝐷2𝑡

𝐷1𝑡 𝐷2𝑡



 

𝑢𝑡 = {𝑢1𝑡, 𝑢2𝑡′ }′ Σ

Λ Ω

𝑢𝑡

Σ = {𝑢𝑡, 𝑢𝑡′ } =  [
𝜎11 𝜎12

𝜎21 Σ22
]

Λ = ∑ {𝑢𝑡 𝑢𝑡−𝑗′ }∞
𝑗=0 =  [

𝜆11 𝜆12

𝜆21 Λ22
]

Ω = ∑ {𝑢𝑡  𝑢𝑡−𝑗′ }∞
𝑗=−∞ =  [

𝜔11 𝜔12

𝜔21 Ω22
] = Λ − Λ′ − Σ

𝑛

Ω Ω22

𝑦𝑡 𝑋𝑡 𝐼(1)

𝑋𝑡

𝛽

                                                           
1 

 



 

(𝜔12)

𝑋𝑡

𝜔12 = 0 𝜆12 = 0

𝜒2.

(𝑝2)

𝑛

𝑚2 = max  (𝑛 − 𝑝2, 0 )

𝑚2 = 0



 

 

𝜒2

 

𝑦𝑡 = 𝛼0 + 𝛼1𝑥𝑡 + 𝑢𝑡

𝑦𝑡  ⋀ 𝑥𝑡  ~ 𝐼(1); 𝑢𝑡~𝐼(0)

𝑦𝑡 = 𝛼0 + 𝛼1𝑥𝑡+𝛼3∆𝑥𝑡 + 𝑢𝑡

∆𝑥𝑡

𝛼1



 

(𝐻𝐴𝐶).

 

𝑦𝑡 = 𝜇 + 𝑥′𝑡𝛽 + 𝑢𝑡

𝑥𝑡 = 𝑥𝑡−1 + 𝜈𝑡

𝜂𝑡 = [𝑢𝑡 , 𝜈𝑡′]′~𝐼(0)

(Ω)



 

 

(≈ 50 𝑎ñ𝑜𝑠)

 

 

 

𝑃𝑡 =  𝐸𝑡 𝑃𝑡
∗

(𝑃𝑡) (𝑃𝑡
∗)

(𝐸𝑡)

(𝐸𝑡)

𝐸𝑡 = 𝑃𝑡/𝑃𝑡
∗

 𝐿𝑜𝑔 (𝑒𝑥) = 𝐿𝑜𝑔 𝑑𝑒𝑙 𝑡𝑖𝑝𝑜 𝑑𝑒 𝑐𝑎𝑚𝑏𝑖𝑜 𝑑𝑒𝑙 𝑈𝑆𝐷𝐶𝐴𝐷.

 𝐿𝑜𝑔 (𝑝𝑐𝑎𝑑𝑡) = 𝐿𝑜𝑔 𝑑𝑒𝑙 𝐼𝑃𝐶 𝑑𝑜𝑚é𝑠𝑡𝑖𝑐𝑜 (𝐶𝑎𝑛𝑎𝑑á).

 𝐿𝑜𝑔 (𝑝𝑢𝑠𝑡) = 𝐿𝑜𝑔 𝑑𝑒𝑙 𝐼𝑃𝐶 𝑒𝑥𝑡𝑒𝑟𝑛𝑜(𝐸𝐸𝑈𝑈. )

 

[𝐼(𝑑)]



 

𝑰(𝟏)

∆𝐿𝑜𝑔(𝑒𝑥𝑡) =   𝛼0̂ + 𝛼1 ̂∆𝐿𝑜𝑔 (𝑝𝑐𝑎𝑑𝑡) + 𝛼2 ̂∆𝐿𝑜𝑔 (𝑝𝑢𝑠𝑡) + 𝜖𝑡

𝛼1 ̂ 𝛼2 ̂

𝛼1 ̂ < 0 𝛼2 ̂ > 0

 

𝑰(𝟏)

𝑰(𝟎)

𝐿𝑜𝑔(𝑒𝑥𝑡) =   𝛿0̂ + 𝛿1 ̂𝐿𝑜𝑔 (𝑝𝑐𝑎𝑑𝑡) + 𝛿2 ̂𝐿𝑜𝑔 (𝑝𝑢𝑠𝑡) + 𝑢𝑡

𝛿1 ̂ 𝛿2 ̂

𝛿1 ̂ < 0 𝛿2 ̂ > 0

𝑰(𝒅)

𝐿𝑜𝑔(𝑝𝑐𝑎𝑑𝑡) =   𝜏0̂ + 𝜏1 ̂𝐿𝑜𝑔 (𝑝𝑢𝑠𝑡) + 𝑢𝑡

𝛾1 ̂ 𝜏1 ̂ > 0



 

 

∆𝐿𝑜𝑔(𝑒𝑥𝑡) =   𝛼0̂ + 𝛼1 ̂∆𝐿𝑜𝑔 (𝑝𝑐𝑎𝑑𝑡) + 𝛼2 ̂∆𝐿𝑜𝑔 (𝑝𝑢𝑠𝑡) + 𝛾𝑢𝑡−1 + 𝜖𝑡

𝑢𝑡−1 = 𝐿𝑜𝑔(𝑒𝑥𝑡−1) −   𝛿0̂ − 𝛿1 ̂𝐿𝑜𝑔 (𝑝𝑐𝑎𝑑𝑡−1) − 𝛿2 ̂𝐿𝑜𝑔 (𝑝𝑢𝑠𝑡−1) 𝛾 < 0

𝑌𝑡

(𝑋𝑡) (𝛾 < 0)

 

 

𝑅𝑆𝑡𝑢𝑑𝑖𝑜

(𝑆𝑐𝑟𝑖𝑝𝑡 1)

#### Script 1######################################### 

#### Paqueterías y librerías en RStudio############## 

library(PerformanceAnalytics) 

library(urca) 

library(aTSA) 

library(cointReg) 



 

[𝐼(0)] [𝐼(1)] [𝐼(2)]

(𝑆𝑐𝑟𝑖𝑝𝑡𝑠: 2, 3 𝑦 4)

#### Script 2######################################## 

#### Ejemplo de prueba DFA en RStudio################ 

help("ur.pp") 

# Ho: La serie no es estacionaria/ presenta una raíz unitaria 

# H1: La serie es estacionaria 

#Tipos de tendencias “none”, “constant”, “trend” 

 

log_ex.pp <- ur.pp(log_ex, type="Z-tau", model="constant", 

lags="long") 

summary(log_ex.pp) 

##### Ejemplo, no ejecute############################ 

 

 

 



 

#### Script 3######################################### 

#### Ejemplo de prueba Ph-P en RStudio################ 

help("ur.df") # <- Nos ayuda a conocer los argumentos de la función 

a utilizar 

 

ur.df.log_ex<-ur.df(log_ex, type='drift', lags=12, selectlags = 

'AIC') 

summary(ur.df.log_ex) 

##### Ejemplo, no ejecute############################ 

 

 

#### Script 4######################################### 

#### Ejemplo de prueba KPSS en RStudio################ 

help("ur.kpss")# <- Nos ayuda a conocer los argumentos de la 

función a utilizar 

 

log_ex.kpss <- ur.kpss(log_ex, type="tau", lags="long") 

summary(log_ex.kpss)  

 ##### Ejemplo, no ejecute############################

𝐿𝑜𝑔 𝑈𝑆𝐷/𝐶𝐴𝐷 𝐼(1)

𝐿𝑜𝑔 𝐼𝑃𝐶 𝐶𝐴𝐷 𝐼(2)  𝐿𝑂𝐺 𝐼𝑃𝐶 𝑈𝑆

𝐼(2)



 

[𝐼(𝑑)]

 (= 1)



𝑆𝑐𝑟𝑖𝑝𝑡𝑠 5 𝑦 6

#### Script 5######################################### 

#### Ejemplo de estimación de corto plazo ############ 

 

muestra3<-ts.intersect(dlog_ex,ddlog_pcad, ddlog_pus, d08q4, d03q2) 

View(muestra3) 

 

mod_cp2 <- lm(dlog_ex ~ ddlog_pcad+ ddlog_pus + d08q4 +d03q2, 

muestra3) 

summary(mod_cp2) 

 

 

resid2 <- mod_cp2$residuals 

resid2 <- ts(resid2, end=c(2021,4), freq=4) 

plot(resid2) 

 

# Pruebas de normalidad 

jarque.bera.test(resid2) 

shapiro.test(resid2) 

 

 

 

 

 

 

 

 

                                                           






 

#### Script 6######################################### 

#### Presentación de resultados econométricos, corto plazo 

############ 

 

library(stargazer) 

 

stargazer(mod_cp2, type="text", title="Modelos de regresión de 

corto plazo") 

##### Ejemplo, no ejecute############################ 

D

DD

DD



 



 

(𝑃. 𝑉𝑎𝑙𝑢𝑒 > 0.10;  𝑉𝑎𝑙𝑜𝑟 𝑒𝑠𝑡𝑎𝑑í𝑠𝑡𝑖𝑐𝑜 <  𝑉𝑎𝑙𝑜𝑟𝑒𝑠 𝑐𝑟í𝑡𝑖𝑐𝑜𝑠)

(𝑆𝑐𝑟𝑖𝑝𝑡𝑠: 7, 8 𝑦 9)

 

#### Script 7######################################### 

#### Ejemplo de estimación de largo plazo ############ 

mod_lp <- lm(log_cad ~ log_us)  

summary(mod_lp) 

 

res_lp <- residuals.lm(mod_lp) 

res_lp <- ts(res_lp, end=c(2021,4), freq=4) 

plot(res_lp) 

 

#analizamos la normalidad de los residuos 

jarque.bera.test(res_lp)   

shapiro.test(res_lp) 

##### Ejemplo, no ejecute############################ 

 

#### Script 8######################################### 

#### Evaluación de cointegración###################### 

#### Engle & Granger ################################# 

 

coint.df <- ur.df(y=res_lp, type='none',lags=8, 

selectlags=c("AIC"))  

summary(coint.df) 

 

X<-ts.intersect(log_pus) 

 

coint.test(log_pcad, X, d = 0) 

##### Ejemplo, no ejecute############################ 

 

#### Script 9######################################### 

#### Evaluación de cointegración###################### 

#### Phillips-Ouliaris ############################### 

 

help("ca.po") 

z<-ts.intersect(log_pcad, log_pus) 

test.po<-ca.po(z, demean = 'constant', lag = 'long', type = 'Pu', 

tol = NULL) 

summary(test.po) 

##### Ejemplo, no ejecute############################ 



 



 

(𝑃. 𝑉𝑎𝑙𝑢𝑒 <

0.10;  𝑉𝑎𝑙𝑜𝑟 𝑒𝑠𝑡𝑎𝑑í𝑠𝑡𝑖𝑐𝑜 >  𝑉𝑎𝑙𝑜𝑟𝑒𝑠 𝑐𝑟í𝑡𝑖𝑐𝑜𝑠)

𝐸𝐶𝑀 <  0

𝑆𝑐𝑟𝑖𝑝𝑡 10)

#### Script 10######################################### 

#### Mecanismo corrector de error (ECM)############### 

help("ecm") 

 

mod_ecm<-ecm(log_pcad,X) 

mod_ecm 

 

res_ecm <- mod_ecm$residuals 

 

jarque.bera.test(res_ecm) 

shapiro.test(res_ecm)##### Ejemplo, no 

ejecute############################ 

𝐿𝑜𝑔 𝑃 𝐶𝐴𝐷

𝐿𝑜𝑔 𝑃 𝑈𝑆 𝐼(2) 𝑅𝑆𝑡𝑢𝑑𝑖𝑜

𝐼(1)

D

D



 

𝑆𝑐𝑟𝑖𝑝𝑡𝑠: 11, 12 𝑦 13)

#### Script 11######################################## 

#### Estimación de largo plazo, FM-OLS################ 

help("cointRegFM") 

xfm<-cbind(log_pus) 

xfm 

 

# Rumbo 

const<-ts(1, start=c(1971,1), end=c(2021,4), freq=4) 

length(const) 

 

# Rumbo y tendencia determinstica 

const_trend <- cbind(level = 1, trend = 1:204) 

 

 

# Especificación con rumbo 

eq_fm1 <- cointRegFM(xfm, log_pcad, deter=const, kernel = "ba", 

bandwidth = "and") 

print(eq_fm1) 

plot(eq_fm1) 

 

 

# Especificación con rumbo y tendencia 

eq_fm2<- cointRegFM(xfm, log_pcad, deter = const_trend, kernel = 

"ba", bandwidth = "and") 

print(eq_fm2) 

plot(eq_fm2) 

##### Ejemplo, no ejecute############################ 

 

 

#### Script 12####################################### 

#### Estimación de largo plazo, D-OLS################ 

help("cointRegD") 

 

# Especificación con rumbo 

eq_D <- cointRegD(xfm, log_pcad, deter=const, kernel = "ba", 

bandwidth = "and") 

print(eq_D) 

plot(eq_D) 

 

# Especificación con rumbo y tendencia 

eq_D2<- cointRegD(xfm, log_pcad, deter = const_trend, kernel = "ba", 

bandwidth = "and") 

print(eq_D2) 

plot(eq_D2) 

 

##### Ejemplo, no ejecute############################ 

 

 

 



 

#### Script 13######################################### 

#### Estimación de largo plazo, IM-OLS################ 

help("cointRegIM") 

 

# Especificación con rumbo 

eq_IM <- cointRegIM(xfm, log_pcad, deter=const, kernel = "ba", 

bandwidth = "and") 

print(eq_IM) 

plot(eq_IM) 

 

#Especificación con rumbo y tendencia 

eq_IM2<- cointRegIM(xfm, log_pcad, deter = const_trend, kernel = 

"ba", bandwidth = "and") 

print(eq_IM2) 

plot(eq_IM2) 

##### Ejemplo, no ejecute############################ 

 



 



 

 

 



 

 

 



 

 

 



 

 



 

 

 



 



𝛽1, 𝛿1, 𝛾1

(𝑀𝑅𝑁𝐿) 𝛽1/2, 𝛿2, 𝛾3/2

𝑀𝑅𝑁𝐿

𝑅2 > 0.70

(𝑀𝐶𝑅𝐿),

                                                           

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𝑦𝑡̂ = 𝐴𝑡̂𝑘𝑡
𝛽̂

𝑙𝑡
𝛿𝑡̂𝑒𝜖𝑡̂

𝑦𝑡̂ (𝑃𝐼𝐵) 𝑘𝑡  

𝑙𝑡 𝐴𝑡̂

𝛽𝑡̂ 𝛿𝑡̂ = 1 − 𝛽𝑡̂

𝜖𝑡̂

(𝑀𝑅𝑁𝐿)



 

𝛽𝑡̂ + 𝛿𝑡̂ = 1)

𝛽𝑡̂ + 𝛿𝑡̂ < 1)

𝛽𝑡̂ + 𝛿𝑡̂ > 1)

ln (
𝑦

𝑙
)

̂

𝑡
= 𝛼̂ + 𝛽̂ ln (

𝑘

𝑙
)

𝑡
+ 𝜖𝑡̂

(
𝑦

𝑙
)

̂

𝑡
(

𝑘

𝑙
)

𝑡
𝛽̂

(𝐶𝐸𝑆)

𝑦𝑡̂ = 𝑒 𝜆̂𝑡 [𝛽̂𝑘𝑡
−𝜌̂

+ (1 − 𝛽̂)𝑙𝑡
−𝜌̂

]
−𝜈̂/𝜌̂

𝑦𝑡̂ = 𝑒 𝜆̂𝑡 [𝛽̂ (𝛽1̂𝑘𝑡
−𝜌̂1 + (1 − 𝛽1̂)𝑙𝑡

−𝜌̂1)
−𝜌/𝜌1

+ (1 − 𝛽̂)𝑟𝑟𝑛𝑛𝑡
−𝜌̂

]
−𝜈̂/𝜌̂

(3) (4) (𝐶𝐸𝑆) 𝑠 =
1

1+𝜌

𝜆,̂  𝜌̂, 𝜈̂, 𝜌̂1 𝑦  𝛽1̂



 

𝑀𝑅𝑁𝐿

 

 (𝑀𝐶𝑁𝐿):

 

 

(𝑀𝑅𝑁𝐿)



 

#### Script 1######################################### 

#### Paqueterías y librerías en RStudio############## 

install.packages("easynls") 

library(easynls) 

 

install.packages("micEconCES") 

library( "micEconCES" ) 

 

install.packages("tidyverse") 

library(tidyverse) 

install.packages("ggplot2") 

library(ggplot2) 

 

install.packages("colorspace") 

library(colorspace) 

  

(𝑴𝑹𝑳)

(𝑴𝑹𝑵𝑳)

 𝐲𝐭 = 𝐒𝐚𝐥𝐚𝐫𝐢𝐨𝐬 𝐞𝐧 𝐔𝐒𝐃/𝐌𝐞𝐬
𝐱𝐭 = 𝐄𝐝𝐚𝐝  𝐝𝐞𝐥 𝐭𝐫𝐚𝐛𝐚𝐣𝐚𝐝𝐨𝐫 (𝐞𝐧 𝐚ñ𝐨𝐬) 𝑅2 = 0.7289

𝑅2 = 0.3322

 𝐲𝐭 =
𝐏𝐞𝐬𝐨 𝐝𝐞 𝐫𝐚𝐳𝐚 𝐛𝐨𝐯𝐢𝐧𝐚 𝐀𝐧𝐠𝐮𝐬 (𝐄𝐧 𝐤𝐠)

𝐱𝐭 = 𝐄𝐝𝐚𝐝 𝐝𝐞𝐥 𝐠𝐚𝐧𝐚𝐝𝐨(𝐞𝐧 𝐦𝐞𝐬𝐞𝐬)
𝑅2 = 0.993

𝑅2 = 0.986

 𝐲𝐭 = 𝐂𝐚𝐧𝐭𝐢𝐝𝐚𝐝 𝐝𝐞 𝐥𝐚𝐜𝐭𝐚𝐧𝐜𝐢𝐚
𝐱𝐭 = 𝐄𝐝𝐚𝐝 𝐝𝐞𝐥 𝐛𝐞𝐛é (𝐞𝐧 𝐝í𝐚𝐬) 𝑅2 = 0.9396

 𝐲𝐭 = 𝐃𝐞𝐠𝐫𝐚𝐝𝐚𝐜𝐢ó𝐧 𝐱𝐭 = 𝐓𝐢𝐞𝐦𝐩𝐨

𝑅2 = 0.966



 

 𝐲𝐭 = 𝐏𝐫𝐨𝐝𝐮𝐜𝐜𝐢ó𝐧 𝐝𝐞 𝐠𝐚𝐬 𝐱𝐭 =
𝐓𝐢𝐞𝐦𝐩𝐨 𝑅2 = 0.99

(𝑆𝑐𝑟𝑖𝑝𝑡 2)

#### Script 2######################################### 

#### Bases de datos############## 

# data1 representa edad (años) y salarios (USD/mes) 

salarios=c(280,400,800,1000,2000,2500,1800,1900,1500,1300) 

edad=c(21,25,30,36,38,40,45,48,50,55) 

data1=data.frame(edad, salarios) 

 

# data2 represent weights of an Angus cow at ages from 8 to 108 

months (Kaps and Lamberson, 2009) 

weight=c(280,340,430,480,550,580,590,600,590,600) 

age=c(8,12,24,36,48,60,72,84,96,108) 

data2=data.frame(age, weight) 

 

# data3 

milk=c(25,24,26,28,30,31,27,26,25,24,23,24,22,21,22,20,21,19, 

       18,17,18,18,16,17,15,16,14) 

days=c(15,15,15,75,75,75,135,135,135,195,195,195,255,255,255, 

       315,315,315,375,375,375,435,435,435,495,495,495) 

data3=data.frame(days,milk) 

 

#data4 

time=c(2,6,9,24,48,72,96) 

deg=c(20,33,46,55,66,72,76) 

data4=data.frame(time,deg) 

 

# data5 (gas production) 

time=c(0,12,24,36,48,60,72,84,96,108,120,144,168,192) 

gas=c(0.002,3.8,8,14.5,16,16.5,17,17.4,17.9,18.1,18.8, 

      19,19.2,19.3) 

data5=data.frame(time,gas) 

##### Ejemplo, no ejecute############################ 

 

 (𝑆𝑐𝑟𝑖𝑝𝑡 3)



 

 

#### Script 3######################################### 

#### Estimaciones en RStudio############## 

 

# linear 

nlsfit(data1, model=1) 

 

nlsplot(data1, model = 1, start = c(a = -320.93342981,  

                                    b = 43.01374819),  

        xlab = "Edad (años)" ,  

        ylab = "Salario/ Mes en USD", position = 7)    

# quadratic 

nlsfit(data1, model=2) 

nlsplot(data1, model = 2, start = c(a = -5.057174e+03, 

                                    b = 3.151726e+02, 

                                    c=-3.603665e+00),  

        xlab = "Edad (años)" , ylab = "Salario/ Mes en USD", 

        position = 7) 

 

# linear plateau 

nlsfit(data2, model=3) 

 

nlsplot(data2, model = 3, start = c(a = 592.00000000, b = 6.38728325, 

                                    c=53.15475108),  

        xlab = "X" , ylab = "Y", position = 7) 

 

# logistic 

nlsfit(data2, model=7, start=c(600,4,0.05)) 

nlsplot(data2, model = 7, start = c(a = 600, b = 4, c=0.05),  

        xlab = "X" , ylab = "Y", position = 7) 

 

# quadratic plateau 

nlsfit(data1, model=4) 

nlsplot(data1, model = 4, start = c(a = -4287.5170228,  

                                    b = 269.6214416, 

                                    c=-3.0130196),  

        xlab = "Edad (años)" , ylab = "Salario (USD/mes)", position = 

7) 

 

# two linear 

nlsfit(data2, model=5, start=c(250,6,2,50)) 

nlsplot(data2, model = 5, start = c(a = 250, b = 6, 

                                    c=2, d=50),  

        xlab = "X" , ylab = "Y", position = 7) 

 

 

# exponential 

nlsfit(data1, model=6, start=c(450,0.05)) 

nlsplot(data1, model = 6, start = c(a = 450, b = 0.05),  

        xlab = "Edad (años)", ylab = "Salario (USD/mes)", position = 7) 

 

 

# logistic 

nlsfit(data2, model=7, start=c(600,4,0.05)) 

nlsplot(data2, model = 7, start = c(a = 600, b = 4, c=0.05),  



 

        xlab = "X" , ylab = "Y", position = 7) 

 

# van bertalanffy 

nlsfit(data1, model=8, start=c(1.785964e+03,8.157733e+01,2.057388e-01)) 

nlsplot(data1, model = 8, start = c(a = 1.785964e+03, 

                                    b = 8.157733e+01,  

                                    c=2.057388e-01),  

        xlab = "Edad (años)" , ylab = "Salario (USD/mes)",  

        position = 7) 

 

# brody 

nlsfit(data1, model=9, start=c(1.785964e+03,8.157733e+01,2.057388e-01)) 

nlsplot(data1, model = 9, start = c(a =1.860069e+03, b = 7.995949e+00, 

c=1.008199e-01),  

        xlab = "Edad (años)" , ylab = "Salario (USD/mes)", 

         position = 7) 

 

# gompertz 

nlsfit(data2, model=10, start=c(600,4,0.05)) 

nlsplot(data2, model = 10, start = c(a = 600, b = 4, c=0.05),  

        xlab = "X" , ylab = "Y", position = 7) 

 

 

#lactancy 

nlsfit(data3, model=11, start=c(16,0.25,0.004)) 

 

nlsplot(data3, model = 11, start = c(a = 16, b = 0.25, c=0.004),  

        xlab = "días" , ylab = "lactancia", position = 7) 

#ruminal degradation 

nlsfit(data4, model=12) 

 

#ruminal degradation 

nlsplot(data4, model = 12, start = c(a = 17, b = 56, c=0.06),  

        xlab = "X" , ylab = "Y", position = 7) 

 

 

# logistic bi-compartmental (gas production) 

nlsfit(data5, model=13, start=c(19,4,0.025,0.004,5)) 

nlsplot(data5, model = 13, start = c(a = 19, b = 4, c=0.025, 

                                     d= 0.004, e=5),  

        xlab = "X" , ylab = "Y", position = 7) 

 

##### Ejemplo, no ejecute############################ 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 𝑦 = 𝛼 + 𝛽𝑥 + 𝜖 (𝑀𝑅𝐿)

 𝑦 = 𝛼 + 𝛽1𝑥 + 𝛽2𝑥2 + 𝜖 (𝑀𝑅𝐿)



 

 𝑦 = 𝛼 + 𝛽(𝑥 − 𝛿) ∗ (𝑥 ≤ 𝛿) + 𝜖 (𝑀𝑅𝐿)

 𝑦 = 𝛼 + 𝛽𝑥 + 𝛿𝐼(𝑥2) ∗ [(𝑥 ≤ −0.5
𝛽

𝛿
) + (𝛼 + 𝐼(−𝛽2)/(4𝛿)] ∗ (𝑥 > −0.5

𝛽

𝛿
) + 𝜖

(𝑀𝑅𝐿𝑁)

 



 

 𝑆𝑖 (𝑥 ≥ 𝛾, (𝛼 − 𝛿𝛾) + (𝛽 + 𝛿)𝑥 + 𝜖, 𝛼 + 𝛽𝑥 + 𝜖)

(𝑀𝑅𝐿)

 𝑦 = 𝛼𝑒(𝛽𝑥) + 𝜖 (𝑀𝑅𝑁𝐿)

 



 

 𝑦 = 𝛼[1 + 𝛽𝑒(−𝛿𝑥)]
−1

+ 𝜖 (𝑀𝑅𝑁𝐿)

 𝑦 = 𝛼 ∗ [1 − 𝛽𝑒(−𝛿𝑥)]
3

+ 𝜖 (𝑀𝑅𝑁𝐿)



 

 𝑦 = 𝛼[1 − 𝛽𝑒(−𝛿𝑥)] + 𝜖 (𝑀𝑅𝑁𝐿)

 𝑦 = 𝛼𝑒(−𝛽𝑒(−𝛿𝑥)) + 𝜖 (𝑀𝑅𝑁𝐿)



 

 𝑦 = (𝛼𝑥𝛽)𝑒(−𝛿𝑥) + 𝜖 (𝑀𝑅𝑁𝐿)

 𝑦 = 𝛼 + 𝛽(1 − 𝑒(−𝛿𝑥)) + 𝜖 (𝑀𝑅𝑁𝐿)



 

 𝑦 =
𝛼

1+𝑒(2−4𝛿(𝑥−𝑒)) +
𝛽

1+𝑒(2−4𝛾(𝑥−𝑒)) + 𝜖

(𝑀𝑅𝑁𝐿)

(𝑀𝑅𝐿): 

(𝑀𝑅𝑁𝐿)

(𝑀𝑅𝑁𝐿)

(𝑀𝑅𝑁𝐿)



 

 

𝑚𝑜𝑑𝑒𝑙 = 10

𝑒𝑎𝑠𝑦𝑛𝑙𝑠

𝑦𝑡̂ = 𝑎𝑒(−𝑏𝑒(−𝑐𝑡−𝑡0)) + 𝜖𝑡̂

𝑦𝑡

𝑎 𝑏

𝑐 𝑡

𝑡0

𝑛𝑙𝑠𝑓𝑖𝑡

𝑎 𝑏 𝑐 𝑠𝑐𝑟𝑖𝑝𝑡 4

#### Script 4######################################### 

#### Modelo de Gompertz aplicado al COVID-19########## 

 

d<-cbind(day, casos) 

d<-as.data.frame(d) 

d

model = nlsfit(d, model = 10, start = c(a = 775000, b = 2, c = 0.05)) 

model 

nlsplot(d, model = 10, start = c(a = 775000, b = 2, c = 0.05),  

          xlab = "Days" , ylab = "infectados por COVID en Bolivia", 

position = 7)     

##### Ejemplo, no ejecute############################ 



 

𝛼

𝛽

𝛿

𝑅2 = 0.98)
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

(𝜏𝑡)

(𝜍𝑡)

𝜏𝑡

𝜍𝑡

𝑠𝑡 =

                                                           
 
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𝜀𝑡

 

𝑦𝑡 = 𝜏𝑡 + 𝜍𝑡 + 𝑠𝑡 + 𝜀𝑡

(> 0; < 0 𝑑𝑒𝑓𝑙𝑎𝑐𝑖ó𝑛 𝑒𝑛 𝑐𝑎𝑠𝑜 𝑐𝑜𝑛𝑡𝑟𝑎𝑟𝑖𝑜).

 

𝑦𝑡 = 𝜏𝑡 ∗ 𝜍𝑡 ∗ 𝑠𝑡 ∗ 𝜀𝑡

𝑦𝑡 𝑦𝑡 > 0

 

𝑦𝑡 = 𝜏𝑡 ∗ (1 + 𝜍𝑡)(1 + 𝑠𝑡) + 𝜀𝑡

 

(𝑦𝑡)

(𝜍𝑡) 𝜏𝑡)

𝑦𝑡 = 𝜍𝑡 + 𝜏𝑡



 

 (𝐻𝑃)

[𝐻𝑃]

𝑚𝑖𝑛{𝜏𝑡} ∑ (𝑦𝑡 − 𝜏𝑡)2 + 𝜆 ∑ [(𝜏𝑡+1 − 𝜏𝑡) − (𝜏𝑡 − 𝜏𝑡−1)]2𝑇−1
𝑡=2

𝑇
𝑡=1

𝜍𝑦𝑡
= 𝑏𝑟𝑒𝑐ℎ𝑎 𝑦𝑡 = 𝑙𝑦𝑡 − 𝑙𝑦𝑡

∗

𝑙𝑦𝑡 𝑙𝑦𝑡
∗

𝜆

(𝑦𝑡) (𝜏𝑡)

𝜆

𝜆

𝝀

𝐻𝑃



 

 (𝐶𝐹)

 

𝜏𝑡

𝑦𝑡

𝐸[(𝑦𝑡 − 𝜏𝑡)2 ∣ 𝑥], 𝑥 ≡  [𝑥1, 𝑥2, … . . , 𝑥𝑇  ]

𝜏𝑡 𝑦𝑡

𝑥𝑡 𝑡

(𝜍𝑡)

 

 

(𝜍𝑡) (𝑦𝑡)

(𝜏𝑡)

𝜍𝑡 = 𝑎(𝐿)𝑦𝑡

𝑎(𝐿)−𝑟
𝑠 = 𝑎−𝑟𝐿−𝑟 + ⋯ + 𝑎0 + 𝑎1𝐿 + 𝑎𝑠𝐿𝑠

                                                           

 𝑗



 

𝜏𝑡 = [1 − 𝑎(𝐿)]𝑦𝑡

a(L) L

[– r, s]

(𝜏𝑡)

 (𝑁𝑊)

 

(𝑁𝑊)

(𝑚) (𝐾)

𝑚ℎ(𝑥) =
∑ 𝐾ℎ(𝑥−𝑋𝑖)𝑛

𝑖=1 𝑌𝑖

∑ 𝐾ℎ(𝑥−𝑋𝑖)𝑛
𝑖=1

𝐾

𝑓(𝑥, 𝑦) 𝑓(𝑥)

𝐸 (
𝑦

𝑥
) = ∫ 𝑦 

𝑓(𝑥,𝑦)

𝑓(𝑥)
𝑑𝑦

𝑓(𝑥) = 𝑛−1ℎ−1 ∑ 𝐾𝑛
𝑖=1 (

𝑥−𝑋𝑖

ℎ
)

 (𝐻𝐴)

 

𝐻𝑃

 



 

 

 

𝑡 + ℎ

𝐻𝑃

 

𝑦𝑡+ℎ = 𝑦𝑡 + 𝑤𝑡
(ℎ)

𝑤𝑡
(ℎ)

 

𝑦𝑡+ℎ = 𝛽0 + 𝛽1𝑦𝑡 + 𝛽2𝑦𝑡−1 + 𝛽3𝑦𝑡−2 + 𝛽4𝑦𝑡−3 + 𝜈𝑡+ℎ

ℎ

𝑝 𝑇

ℎ

𝑝 = 4 ℎ = 8



 

 𝑅𝑆𝑡𝑢𝑑𝑖𝑜

 

𝑅𝑆𝑡𝑢𝑑𝑖𝑜

(𝑆𝑐𝑟𝑖𝑝𝑡 1)

#### Script 1######################################### 

#### Paqueterías y librerías en RStudio############## 

library(fpp)// Ej. Para descomposición aditiva de series de tiempo 

library(Ecdat)// Ej. Para descomposición multiplicativa  

library(seasonal)// Para Desestacionalización ARIMA Census-X11 

library(mFilter)// Para filtros de series de tiempo 

library(neverhpfilter)// Para el filtro de Hamilton 

 

 

𝑃𝐼𝐵 𝑟𝑒𝑎𝑙

𝐴𝑅𝐼𝑀𝐴 𝐶𝑒𝑛𝑠𝑢𝑠 𝑋 − 11



 

𝐿𝑜𝑔 𝑑𝑒𝑙 𝑃𝐼𝐵 𝑟𝑒𝑎𝑙 𝑑𝑒 𝐵𝑜𝑙𝑖𝑣𝑖𝑎

𝐴𝑅𝐼𝑀𝐴 𝐶𝑒𝑛𝑠𝑢𝑠 𝑋 −

11

 

𝑆𝑐𝑟𝑖𝑝𝑡𝑠 2, 3 𝑦 4

𝑙𝑝𝑖𝑏𝑟

adjust_lpibr, 

adjust_lpibr2   lpibr_sa corresponden

 

 

 

 

 

 

 

 



 

#### Script 2######################################### 

#### Descomposición aditiva RStudio############## 

library(fpp) 

decompose_lpibr = decompose(lpibr, "additive") 

adjust_lpibr = lpibr - decompose_lpibr$seasonal 

plot(adjust_lpibr) 

 

adjust_lpibr  #serie desestacionalizada 

plot(decompose_lpibr) 

 

s<-decompose_lpibr$seasonal 

trend_cycle<-decompose_lpibr$trend 

e<-decompose_lpibr$random 

 

plot(s, main="Componente estacional del PIB real") 

plot(trend_cycle, main = "Componente cíclico y tendencial") 

plot(e, main="componente irregular") 

##### Ejemplo, no ejecute############################ 

#### Script 3########################################### 

#### Descomposición multiplicativa RStudio############## 

library(Ecdat) 

 

decompose_lpibr2 = decompose(lpibr, "multiplicative") 

adjust_lpibr2 <- lpibr / decompose_lpibr2$seasonal 

plot(adjust_lpibr2) #serie desestacionalizada 

 

 

s2<-decompose_lpibr2$seasonal 

trend_cycle2<-decompose_lpibr2$trend 

irreg2<-decompose_lpibr2$random 

##### Ejemplo, no ejecute############################ 

 

 

#### Script 4############################################### 

#### Desestacionalización con ARIMA CENSUS-X11 en RStudio### 

 

library(seasonal) 

 

# seasonal adjust time series using X11.  

lpibr<-log(pibr) 

 

lpibr_sa <- seas(lpibr,x11 = "") 

lpibr_sa 

 

view(lpibr_sa) 

plot(lpibr_sa) 

 

# plot original and seasonally adjusted series. 

plot(lpibr, main= "PIB real de Bolivia", 

     ylab= "En escala logarítmica", 



 

     sub="Método ARIMA CENSUS x-11", 

     lwd=3) 

lines(final(lpibr_sa),col="red", lwd=3, lty=1) 

legend("topleft", c("Rojo= serie desestacionalizada", 

                    "negro=serie original"), lwd=3) 

##### Ejemplo, no ejecute############################ 

 

 

 

 

 



 



 

(𝑙𝑝𝑖𝑏𝑟_𝑠𝑎)

(𝑡𝑟𝑒𝑛𝑑)

𝑆𝑐𝑟𝑖𝑝𝑡 5

#### Script 5############################################ 

#### Filtro Hodrick-Prescott en RStudio################# 

lpib_ra.hp <- hpfilter(lpibr_sa) 

lpib_ra.hp 

plot(lpib_ra.hp) 

plot(lpib_ra.hp$cycle*100, 

     main="Filtro HP, PIB Bolivia",col=1,ylab="Desv. %") 

 

# Tasa de crecimiento potencial, filtro HP 

GDP_pot_HP<-diff(lpib_ra.hp$trend,lag=4, differences = 1)*100 

##### Ejemplo, no ejecute############################ 

 

 



 

 

 

#### Script 6############################################ 

#### Filtro Baxter-King en RStudio####################### 

 

GDP_bk<-mFilter(lpibr_sa,filter = "BK", nfix=8) #recomendable 1 

GDP_bk2<-mFilter(lpibr_sa,filter = "BK", nfix=8, root=TRUE) 

#recomendable 2 

GDP_bk3<-mFilter(lpibr_sa,filter = "BK", nfix=12, root=TRUE, pl=6, 

pu=32)  

 

plot(GDP_bk$cycle, col="blue",  

     lwd=3,  

     main="Filtro BK, PIBR Bolivia", 

     ylab="Desviaciones % de la tendencia") 

abline(h=0) 



 

 

 

#Tasa de crecimiento potencial 

 

GDP_bk_pot<-diff(GDP_bk$trend, lag=4, differences = 1)*100 

 

library(psych) 

describe(GDP_bk_pot) 

##### Ejemplo, no ejecute############################ 

 

lpibr_sa, 

(𝑆𝑐𝑟𝑖𝑝𝑡 7): 

 

#### Script 7############################################ 

#### Filtro Christiano-Fitzgeerald en RStudio############ 

 

# Simétrico 

GDP.cf.sym <- cffilter(lpibr_sa, type = "symmetric", nfix=8, 

root=TRUE)   

 

# Asimétrico 

GDP.cf <- mFilter(lpibr_sa,filter="CF", root=TRUE)   

 

# Tasa de crecimiento potencial, filtro CF, simétrico y asimétrico 

GDP_pot_CFsym<-diff(GDP.cf.sym$trend, lag=4, differences = 1)*100 

GDP_pot_CF<- diff(GDP.cf$trend, lag=4, differences = 1)*100 

##### Ejemplo, no ejecute############################ 

 

𝑆𝑐𝑟𝑖𝑝𝑡 8 𝑦 9 𝑁𝑎𝑑𝑎𝑟𝑎𝑦𝑎 −

𝑊𝑎𝑡𝑠𝑜𝑛 (𝑁𝑊) 𝐻𝑎𝑚𝑖𝑙𝑡𝑜𝑛 (𝐻𝐴) 𝑁𝑊

lpibr_sa 𝐻𝐴

h = 8)

(p = 4)

lpibr_sa

 

 

 

 

 



 

#### Script 8############################################ 

#### Filtro Nadaraya-Watson en RStudio############ 

 

plot(lpibr_sa) 

k <- kernel("daniell", 1)  # for lags 

plot(k) 

k 

w <- kernapply(lpibr_sa, k) 

plot(w) 

lines(lpibr_sa, col="red") 

df.kernel(k) 

bandwidth.kernel(k) 

is.tskernel(k) 

plot(lpibr_sa-w) 

 

GDP_NW.cycle<-lpibr_sa-w 

plot(GDP_NW.cycle) 

 

#Tasa de crecimiento potencial NW 

GDP_pot_NW<-diff(w,lag=4,differences = 1)*100 

 

plot(GDP_pot_NW, 

     main="Crec. Potencial Bolivia, NW", 

     ylab="En %") 

##### Ejemplo, no ejecute############################ 

 

#### Script 9############################################ 

#### Filtro Hamilton en RStudio############ 

 

library(psych) 

library(neverhpfilter) 

library(xts) 

 

t<-seq(as.Date("1980/3/1"), as.Date("2018/9/1"), by = "quarter") 

t        

describe(t) 

 

xts1<-xts(x=lpibr_sa, order.by=t) 

xts1 

 

GDP_hamil<-xts::to.quarterly(xts1["1980/"], OHLC = FALSE) 

GDP_hamil 

GDP_hamil4 <- xts(x = GDP_hamil) 

GDP_hamil4 

 

GDP_cycle_hamilton <- yth_filter(GDP_hamil4, h = 8, p = 4, output = 

c("cycle", "random"),  

                        family = gaussian) 

main <- "Log del ciclo del GDP y la caminata aleatoria" 

plot(GDP_cycle_hamilton, grid.col = "white", legend.loc = 

"topright", main = main) 

 

GDP_cycle_hamilton 



 

 

GDP_trend_hamilton <- yth_filter(GDP_hamil4, h = 8, p = 4, output = 

c("x", "trend"),  

                        family = gaussian) 

GDP_trend_hamilton 

plot(GDP_trend_hamilton$x.trend, grid.col = "white", legend.loc = 

"topleft",  

     main = "Descomposición del lpib, Filtro de Hamilton, en 

millones de USD") 

 

GDP_hamilton_cycle_stochas<-GDP_trend_hamilton$x.cycle 

# Tasa de crecimiento potencial 

GDP_pot_HA<-diff(GDP_trend_hamilton$x.trend, lag=4, differences = 

1)*100 

GDP_pot_HA<-ts(GDP_pot_HA, end=c(2018,3), freq=4) 

 

 

GDP_hamilton_cycle_stochas<-ts(GDP_hamilton_cycle_stochas, 

start=c(1982, 4), freq=4) 

 

plot(GDP_hamilton_cycle_stochas) 

 

plot(GDP_pot_HA, 

     main="Crec. Potencial PIB Bolivia, Filtro de Hamilton") 

##### Ejemplo, no ejecute############################ 



 

(𝜌)

([𝜌] > 0.70) ([𝜌] ≥ 0.50)

([𝜌] < 0.50)

base_m’ 

base_potf’

 

#### Script 10############################################ 

#### Comparamos los filtros en RStudio#################### 

 

#Componente cíclico 

base<-ts.intersect(lpib_ra.hp$cycle, 

                   GDP.cf$cycle, 

                   GDP.cf.sym$cycle, 

                   GDP.bk$cycle, 

                   GDP_hamilton_cycle_stochas, 

                   GDP_NW.cycle ) 

 

 

base<-window(base, start=c(1985,3), end=c(2016,3)) 

 

cor(base) 

describe(base) 

t0<-seq(as.Date("1985/9/1"), as.Date("2016/9/1"), by = "quarter") 

length(t0) 

 

 

base_m<-as.data.frame(base) 

base_m 

 



 

a<-ggplot(base_m, aes(t0)) + 

  geom_line(aes(y = base_m$`lpib_ra.hp$cycle`*100, colour = 

"Hodrik-Prescott"), size = 1.5) + 

  geom_line(aes(y = base_m$`GDP.cf$cycle`*100, colour = "CF 

asímetrico"), size = 1.5) + 

  geom_line(aes(y = base_m$`GDP.cf.sym$cycle`*100, colour = "CF 

simétrico"), size = 1.5) + 

  geom_line(aes(y = base_m$`GDP.bk$cycle`*100, colour = "Bakter-

King"), size = 1.5) + 

  geom_line(aes(y = base_m$GDP_hamilton_cycle_stochas*100, colour = 

"Hamilton"), size = 1.5) + 

  geom_line(aes(y = base_m$GDP_NW.cycle*100, colour = "Nadaraya-

Watson"), size = 1.5) + 

  scale_colour_hue("Filtro")+ 

  ggtitle("Ciclos económicos de Bolivia")+ 

  xlab("tiempo") + ylab("Desv. % (brecha del producto)") 

a 

 

 

library(PerformanceAnalytics) 

chart.Correlation(base_m[1:6]) 

 

#Componente tendencial o potencial 

 

base_pot<-ts.intersect(GDP_pot_BK, 

                       GDP_pot_CF, 

                       GDP_pot_CFsym, 

                       GDP_pot_HP, 

                       GDP_pot_NW, 

                       GDP_pot_HA) 

 

base_potf<-window(base_pot, start=c(2006,1), end=c(2016,3)) 

base_potf<-as.data.frame(base_potf) 

 

describe(base_potf) 

quantile(base_potf$GDP_pot_HP, 1:9/10) 

quantile(base_potf$GDP_pot_BK, 1:9/10) 

quantile(base_potf$GDP_pot_CF, 1:9/10) 

quantile(base_potf$GDP_pot_CFsym, 1:9/10) 

quantile(base_potf$GDP_pot_NW, 1:9/10) 

quantile(base_potf$GDP_pot_HA, 1:9/10) 

 

chart.Correlation(base_potf[1:6]) 

 

t1<-seq(as.Date("2006/1/1"), as.Date("2016/9/1"), by = "quarter") 

length(t1) 

 

b<-ggplot(base_potf, aes(t1)) + 

  geom_line(aes(y = base_potf$GDP_pot_HP, colour = "Hodrik-

Prescott"), size = 1.5) + 

  geom_line(aes(y = base_potf$GDP_pot_CF, colour = "CF 

asímetrico"), size = 1.5) + 



 

  geom_line(aes(y = base_potf$GDP_pot_CFsym, colour = "CF 

simétrico"), size = 1.5) + 

  geom_line(aes(y = base_potf$GDP_pot_BK, colour = "Bakter-King"), 

size = 1.5) + 

  geom_line(aes(y = base_potf$GDP_pot_HA, colour = "Hamilton"), 

size = 1.5) + 

  geom_line(aes(y = base_potf$GDP_pot_NW, colour = "Nadaraya-

Watson"), size = 1.5) + 

  scale_colour_hue("Filtro")+ 

  ggtitle("Crecimiento potencial del PIB real en Bolivia")+ 

  xlab("tiempo") + ylab("En porcentaje") 

b 

##### Ejemplo, no ejecute############################ 

(𝑣𝑒𝑟𝑠𝑖ó𝑛 𝑎𝑠𝑖𝑚é𝑡𝑟𝑖𝑐𝑎 𝑦 𝑠𝑖𝑚é𝑡𝑟𝑖𝑐𝑎)

𝑐𝑜𝑛 𝑔𝑟𝑎𝑑𝑜 𝑑𝑒 𝑎𝑠𝑜𝑐𝑖𝑎𝑐𝑖ó𝑛 𝑓𝑢𝑒𝑟𝑡𝑒 ([𝜌] > 0.70)

𝑔𝑟𝑎𝑑𝑜 𝑒𝑛𝑡𝑟𝑒 𝑚𝑜𝑑𝑒𝑟𝑎𝑑𝑜 𝑦 𝑓𝑢𝑒𝑟𝑡𝑒

𝑑é𝑏𝑖𝑙 𝑦 𝑚𝑜𝑑𝑒𝑟𝑎𝑑𝑜 𝐻𝑃 𝑁𝑊



 



 

𝐻𝑃, 𝐶𝐹

𝐵𝐾 𝑁𝑊 𝐻𝐴



 



 

𝐴𝑅𝐼𝑀𝐴 𝐶𝑒𝑛𝑠𝑢𝑠 𝑋 − 11 𝑅𝑆𝑡𝑢𝑑𝑖𝑜,

‘𝑓𝑝𝑝’ ‘𝐸𝑐𝑑𝑎𝑡’

‘𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙’

(𝐻𝑃) 𝐶𝐹

(𝐵𝐾) (𝑁𝑊)



 

(𝐻𝐴)

𝑅𝑆𝑡𝑢𝑑𝑖𝑜,

‘𝑚𝐹𝑖𝑙𝑡𝑒𝑟 ‘𝑛𝑒𝑣𝑒𝑟ℎ𝑝𝑓𝑖𝑙𝑡𝑒𝑟′

(𝐶𝐹) (𝐵𝐾)

(𝐻𝑃) (𝑁𝑊) 

(𝐻𝐴)



 


