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1. (a) 若𝚽的特征值模长小于 1，则 𝑿𝑡 平稳。

|𝚽 − 𝜆𝑰 | =
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解得 𝜆1 = 0.9,𝜆2 = 0.4,故满足平稳性要求。E𝑿𝑡 = 𝒄 +𝚽E𝑿𝑡−1,则有
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(b) 把 𝜆1 = 0.9代入得，
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同理，当 𝜆 = 0.4时，解得:

(𝚽 − 𝜆𝑰)𝒙1 =
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故 𝑨 =

[
𝒙1 𝒙2

]
=


1 1

4 −1

 ,𝑨−1 =


1
5

1
5

4
5 − 1

5


𝚽𝑖 = 𝑨𝚲𝑖𝑨−1 =
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𝑿𝑡 的 𝑀𝐴(∞)展开为 𝑿𝑡 = (𝑰 +𝚽 + · · · +𝚽𝑛)𝒄 +∑𝑛
𝑖=0 𝚽

𝑖𝜖𝑡−𝑖 , 𝑛 → ∞，则
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2. (a) 代码如下：

1 data<- read.xlsx("./hw9_data.xlsx")

2 library(forecast)

3 library(tseries)

构造 GDP季节同比增速序列 y

1 y<-c()

2 for (i in 1:120){

3 y[i]<-(exp(data$logrealGDP_nipa[i+4]-data$logrealGDP_nipa[i])-1)*100

4 }

5 y_a<-auto.arima(y,d=0,D=0,ic='aic',method='ML')

6 y_b<-auto.arima(y,d=0,D=0,ic='bic',method='ML')

7 y_a

8 y_b
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AIC准则下最优为 ARMA(2, 0, 1)，BIC准则下最优为 ARMA(1, 0, 1)

(b) 代码如下：

1 pi<-c()

2 for (i in 21:121){

3 pi[i-20]=(data$CPI[i+4]/data$CPI[i]-1)*100

4 }

5 pi_a<-auto.arima(pi,d=0,D=0,ic='aic',method='ML')

6 pi_b<-auto.arima(pi,d=0,D=0,ic='bic',method='ML')

7 pi_a

8 pi_b

AIC准则下最优为 ARMA(3, 0, 0)，BIC准则下最优也为 ARMA(3, 0, 0)

(c) 计算理论谱密度

1 ARMAspec(list(ar=c(y_a$coef[[1]],y_a$coef[[2]]),ma=y_a$coef[[3]]))

2 ARMAspec(list(ar=y_b$coef[[1]],ma=y_b$coef[[2]]))

3 ARMAspec(list(ar=c(pi_a$coef[[1]],pi_a$coef[[2]],pi_a$coef[[3]])))
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估计样本谱密度

1 spec.pgram(y, kernel("daniell", c(1,3)),taper = 0.1)

2 spec.pgram(pi, kernel("daniell", c(5,7)),taper = 0.1)

比较理论谱密度与样本谱密度可知，两者存在较为明显的差别，因此前两问中估计

所得 ARMA模型不能充分刻画两个序列的周期波动特征。

(d) 对 y建模

1 y_ols_a<-auto.arima(y,max.q=0,,d=0,D=0,ic='aic',method='CSS')

2 y_ols_b<-auto.arima(y,max.q=0,,d=0,D=0,ic='bic',method='CSS')

3 y_ols_a
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4 y_ols_b

AIC与 BIC准则判断结果相同，均为 ARIMA(2, 0, 0)

1 y_ML<-arima(y,c(2,0,0),method = "ML")

2 y_ML

对 𝜋建模

1 pi_ols_a<-auto.arima(pi,max.q=0,,d=0,D=0,ic='aic',method = 'CSS')

2 pi_ols_b<-auto.arima(pi,max.q=0,,d=0,D=0,ic='bic',method = 'CSS')

3 pi_ols_a

4 pi_ols_b

5 pi_ML<-arima(pi,c(3,0,0),method = "ML")

6 pi_ML

AIC与 BIC准则判断结果相同，均为 ARIMA(3, 0, 0)
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同模型的 OLS估计与极大似然估计的结果基本相同

(e) 由样本谱密度图像可知，y和 𝜋具有明显的高频波动特征，需要加入MA项捕捉高

频波动特征。

(f)

1 y2<-c()

2 for (i in 1:108){

3 y2[i]<-(exp(data$logrealGDP_nipa[i+4]-data$logrealGDP_nipa[i])-1)*100

4 }

5 y2_a<-auto.arima(y,d=0,D=0,ic='aic',method='ML')

6 y2_b<-auto.arima(y,d=0,D=0,ic='bic',method='ML')

7 y2_a

8 y2_b

AIC准则下最优为 ARMA(2, 0, 1)，BIC准则下最优也为 ARMA(1, 0, 1)
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1 pi2<-c()

2 for (i in 21:108){

3 pi2[i-20]=(data$CPI[i+4]/data$CPI[i]-1)*100

4 }

5 pi2_a<-auto.arima(pi2,d=0,D=0,ic='aic',method='ML')

6 pi2_b<-auto.arima(pi2,d=0,D=0,ic='bic',method='ML')

7 pi2_a

8 pi2_b

AIC与 BIC准则判断结果相同，均为 ARIMA(3, 0, 0)

比较理论和样本谱密度函数

1 ARMAspec(list(ar=c(y2_a$coef[[1]],y2_a$coef[[2]]),ma=y2_a$coef[[3]]))

2 ARMAspec(list(ar=y2_b$coef[[1]],ma=y2_b$coef[[2]]))

3 ARMAspec(list(ar=c(pi2_a$coef[[1]],pi2_a$coef[[2]],pi2_a$coef[[3]])))
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1 spec.pgram(y2, kernel("daniell", c(1,3)),taper = 0.1)

2 spec.pgram(pi2, kernel("daniell", c(5,7)),taper = 0.1)

此时理论与样本谱密度虽仍略有差异，但相比纳入疫情期间数据的情况更为相近

1 y2_ols_a<-auto.arima(y2,max.q=0,,d=0,D=0,ic='aic',method = 'CSS')

2 y2_ols_b<-auto.arima(y2,max.q=0,,d=0,D=0,ic='bic',method = 'CSS')

3 y2_ols_a

4 y2_ols_b

5 y2_ML<-arima(y2,c(2,0,0),method = "ML")

6 y2_ML
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1 pi2_ols_a<-auto.arima(pi2,max.q=0,,d=0,D=0,ic='aic',method = 'CSS')

2 pi2_ols_b<-auto.arima(pi2,max.q=0,,d=0,D=0,ic='bic',method = 'CSS')

3 pi2_ols_a

4 pi2_ols_b

5 pi2_ML<-arima(pi2,c(3,0,0),method = "ML")

6 pi2_ML

纳入疫情期间的数据样本并不合理，因为疫情以及后续防疫政策等外生冲击显著改

变 DGP，使得基于此前情况的模型不适合描述包括疫情期间样本的整体数据特征。
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