
A For Figure 5 A and B



Data reading and stationary processing

Chiari Malformation Arnold-Chiari Malformation Tonsillar Herniation Chiari Deformation Chiari Syndrome

Term

1970 1.0 15.0 4.0 10.0 6.0

1971 4.0 32.0 9.0 16.0 7.0

1972 4.0 29.0 7.0 10.0 6.0

1973 6.0 33.0 11.0 12.0 7.0

1974 12.0 25.0 8.0 12.0 6.0

The p-value of Unit Root Test is: 1.0

Chiari Malformation Arnold-Chiari Malformation Tonsillar Herniation Chiari Deformation Chiari Syndrome

Term

1971 1.386294 0.757686 0.810930 0.470004 0.154151

1972 0.000000 -0.098440 -0.251314 -0.470004 -0.154151

1973 0.405465 0.129212 0.451985 0.182322 0.154151

1974 0.693147 -0.277632 -0.318454 0.000000 -0.154151

1975 -1.098612 0.518794 0.405465 -0.405465 1.098612

The p-value of Unit Root Test is: 2.6025299502157637e-23

(-12.516656029692575,
 2.6025299502157637e-23,
 0,
 51,
 {'1%': -3.5656240522121956,
  '5%': -2.920142229157715,
  '10%': -2.598014675124952},
 -7.196767531657585)

Some information about the processed data，including ACF,PACF，QQ PLOT和 PROBABILITY PLOT

check whether the data is stationary using white noise test

The p-value of Unit Root Test is: 2.6025299502157637e-23

The data is stationary:

The p-value is very closed to 0, so we can reject H0(There exists unit root)

Then we can move on to build time-series model

Autoregressive Moving Average Models - ARMA(p, q)

Determine the best paramters of ARIMA model based on minimum AIC or BIC criterion

The order of the model with smallest bic value is: (0, 1)

fit the model using best parameters

ARMA Model Results

Dep. Variable: Chiari Malformation No. Observations: 52

Model: ARMA(0, 1) Log Likelihood -12.385

Method: css-mle S.D. of innovations 0.306

Date: Sun, 05 Feb 2023 AIC 30.770

Time: 11:55:54 BIC 36.623

Sample: 01-01-1970 HQIC 33.014

- 01-01-1970

coef std err z P>|z| [0.025 0.975]

const 0.1214 0.018 6.603 0.000 0.085 0.157

ma.L1.Chiari Malformation -0.5904 0.150 -3.928 0.000 -0.885 -0.296

Roots

Real Imaginary Modulus Frequency

MA.1 1.6939 +0.0000j 1.6939 0.0000

Check whether the model is correct. If the residual is white noise, the model is correct. Otherwise the model is
incorrect

The p-value of white noise test is: 0.5491432305276482
The residuals seem like white noise.

Use the model to predict the data for the next three years

The forecast of one-step-ahead momentum is:  [0.05516869 0.1213703  0.1213703 ]

Draw a picture of the original data and the forecast data

Restore the data and convert it to the original magnitude

number year

51 986.0 2021

52 1270.0 2022

53 1342.0 2023

54 1515.0 2024

55 1710.0 2025

Implement the same modeling and forecasting for other terms

The p-value of Unit Root Test is: 2.8424718118862067e-11
The p-value of Unit Root Test is: 4.1962956084273435e-06
The p-value of Unit Root Test is: 1.3094837560062365e-12
The p-value of Unit Root Test is: 0.0002832093458525922

The order of the model with smallest aic value is: (0, 1)

coef estimate:
 const                               0.055149
ma.L1.Arnold-Chiari Malformation   -0.772943
dtype: float64

The residuals seem like white noise.

number year

51 403.0 2021

52 459.0 2022

53 485.0 2023

54 547.0 2024

55 617.0 2025

For the third term

The order of the model with smallest bic value is: (0, 1)

coef estimate:
 const                         0.087532
ma.L1.Tonsillar Herniation   -0.999925
dtype: float64

The residuals seem like white noise.

number year

51 507.0 2021

52 595.0 2022

53 628.0 2023

54 709.0 2024

55 800.0 2025

For the fourth term

The order of the model with smallest aic value is: (0, 1)

coef estimate:
 const                        0.040109
ma.L1.Chiari  Deformation   -1.000000
dtype: float64
The residuals seem like white noise.

number year

51 76.0 2021

52 71.0 2022

53 76.0 2023

54 79.0 2024

55 82.0 2025

For the fifth term

The order of the model with smallest aic value is: (0, 4)

coef estimate:
 const                    0.036635
ma.L1.Chiari Syndrome   -0.513100
ma.L2.Chiari Syndrome   -0.300814
ma.L3.Chiari Syndrome    0.512951
ma.L4.Chiari Syndrome   -0.699036
dtype: float64
The residuals seem like white noise.

number year

51 59.0 2021

52 45.0 2022

53 46.0 2023

54 54.0 2024

55 56.0 2025

Put all the terms together and draw pictures

In [1]: import pandas as pd 
import datetime
import numpy as np 
import os
import sys

import statsmodels.formula.api as smf
import statsmodels.tsa.api as smt
import statsmodels.api as sm
import scipy.stats as scs
from statsmodels.stats.diagnostic import acorr_ljungbox  # white noise test
from statsmodels.tsa.stattools import adfuller   #stationarity

import matplotlib.pyplot as plt
import matplotlib as mpl

In [2]: #input the data from csv file
file_data = pd.read_excel("Figure1-prediction.xlsx").iloc[:-6,:].set_index('Term').iloc[20:,:]
file_data.head()

Out[2]:

In [3]: #check the stationarity
print("The p-value of Unit Root Test is:",adfuller(file_data.iloc[:,0],autolag='AIC')[1] )

In [4]: #calculate the log returns
lrets = np.log(file_data.astype('float')/file_data.shift(1).astype('float')).dropna()
# lrets.index = pd.DatetimeIndex(lrets.index).to_period('d')
lrets.head()

Out[4]:

In [5]: #check the stationarity
print("The p-value of Unit Root Test is:",adfuller(lrets.iloc[:,0],autolag='AIC')[1] )

In [6]: adfuller(lrets.iloc[:,0],autolag='AIC')

Out[6]:

In [7]: def tsplot(y, ticker_symbol,lags=None, figsize=(15, 10),style='bmh'):
    if not isinstance(y, pd.Series):
        y = pd.Series(y)
    with plt.style.context(style):    
        fig = plt.figure(figsize=figsize)
        #mpl.rcParams['font.family'] = 'Ubuntu Mono'
        layout = (3, 2)
        ts_ax = plt.subplot2grid(layout, (0, 0), colspan=2)
        acf_ax = plt.subplot2grid(layout, (1, 0))
        pacf_ax = plt.subplot2grid(layout, (1, 1))
        qq_ax = plt.subplot2grid(layout, (2, 0))
        pp_ax = plt.subplot2grid(layout, (2, 1))
        
        y.plot(ax=ts_ax)
        ts_ax.set_title('Time Series Analysis Plots of %s'%(ticker_symbol))
        smt.graphics.plot_acf(y, lags=lags, ax=acf_ax, alpha=0.05)
        smt.graphics.plot_pacf(y, lags=lags, ax=pacf_ax, alpha=0.05)
        sm.qqplot(y, line='s', ax=qq_ax)
        qq_ax.set_title('QQ Plot')        
        scs.probplot(y, sparams=(y.mean(), y.std()), plot=pp_ax)

        plt.tight_layout()
    return 

In [8]: %matplotlib inline
#for log returns of MSFT AAPL FB prices 
_ = tsplot(lrets.iloc[:,0],'Chiari Malformation', lags=10)
# _ = tsplot(lrets.iloc[:,0],'F1', lags=10)
# _ = tsplot(lrets.iloc[:,0],'F1', lags=10)
# _ = tsplot(lrets.iloc[:,0],'F1', lags=10)

In [9]: #check the stationarity
print("The p-value of Unit Root Test is:",adfuller(lrets.iloc[:,0],autolag='AIC')[1] )

In [19]: # Find the best order of the log return of F1

import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

# order_analyze1 = st.arma_order_select_ic(lrets.iloc[:,0], max_ar=5, max_ma=5, ic=['aic'])
order_analyze2 = st.arma_order_select_ic(lrets.iloc[:,0], max_ar=5, max_ma=5, ic=['bic'])
# print("The order of the model with smallest aic value is:",order_analyze1.aic_min_order)
print("The order of the model with smallest bic value is:",order_analyze2.bic_min_order)

In [8]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(lrets.iloc[:,0],order=(0,0,1)).fit()  
arma_mdl.summary()

Out[8]:

In [9]: #check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

print("The p-value of white noise test is:",pvalue_LB_test)

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

In [10]: #show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [25]: plt.figure(figsize=(20,10))
plt.plot(np.append(lrets.iloc[:,0].values,arma_forcecasts),label='forecast')
plt.plot(lrets.iloc[:,0].values,label='original')
plt.legend(fontsize=15)
plt.show()

In [11]: log_result_1 = list(np.append(lrets.iloc[:,0].values,arma_forcecasts))
final_list_1 = file_data.loc[:2022,'Chiari Malformation'].values.tolist()
# final_list_1 = [file_data.loc[1970,'Chiari Malformation']]
# for i in range(len(log_result_1)):
#     final_list_1.append(int(np.exp(log_result_1[i])*final_list_1[i]))
for i in range(3):
    final_list_1.append(int(np.exp(log_result_1[i-3])*final_list_1[-1]))
    
final_list_1 = pd.DataFrame(final_list_1,columns=['number']) 
final_list_1['year']= np.arange(1970,2026)
final_list_1.tail()

Out[11]:

In [29]: plt.figure(figsize=(20,8))
plt.title('Word frequency statistics and prediction')
plt.bar(x=final_list_1['year'][:-3],height=final_list_1['number'][:-3])
plt.bar(x=final_list_1['year'][-3:],height=final_list_1['number'][-3:],color='red')
plt.show() 

In [30]: #check the stationarity
print("The p-value of Unit Root Test is:",adfuller(lrets.iloc[:,1],autolag='AIC')[1] )
print("The p-value of Unit Root Test is:",adfuller(lrets.iloc[:,2],autolag='AIC')[1] )
print("The p-value of Unit Root Test is:",adfuller(lrets.iloc[:,3],autolag='AIC')[1] )
print("The p-value of Unit Root Test is:",adfuller(lrets.iloc[:,4],autolag='AIC')[1] )

In [31]: # Find the best order of the log return of F2

import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(lrets.iloc[:,1], max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [12]: #fit the data using ARMA(0,1)
import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(lrets.iloc[:,1],order=(0,0,1)).fit()  
params=arma_mdl.params
print('\ncoef estimate:\n',(params))

In [13]: #check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

In [34]: #show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
plt.figure(figsize=(20,10))
plt.plot(np.append(lrets.iloc[:,1].values,arma_forcecasts),label='forecast')
plt.plot(lrets.iloc[:,1].values,label='original')
plt.legend(fontsize=15)
plt.show()

In [14]: log_result_2 = list(np.append(lrets.iloc[:,1].values,arma_forcecasts))
final_list_2 = file_data.iloc[:2022,1].values.tolist()

for i in range(3):
    final_list_2.append(int(np.exp(log_result_2[i-3])*final_list_2[-1]))
    
final_list_2 = pd.DataFrame(final_list_2,columns=['number']) 
final_list_2['year']= np.arange(1970,2026)
final_list_2.tail()

Out[14]:

In [36]: # Find the best order of the log return of F3

import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(lrets.iloc[:,2], max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest bic value is:",order_analyze.aic_min_order)

In [15]: #fit the data using ARMA(0,1)
import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(lrets.iloc[:,2],order=(0,0,1)).fit()  
params=arma_mdl.params
print('\ncoef estimate:\n',(params))

In [16]: #check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

In [39]: #show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
plt.figure(figsize=(20,10))
plt.plot(np.append(lrets.iloc[:,2].values,arma_forcecasts),label='forecast')
plt.plot(lrets.iloc[:,2].values,label='original')
plt.legend(fontsize=15)
plt.show()

In [17]: log_result_3 = list(np.append(lrets.iloc[:,2].values,arma_forcecasts))
final_list_3 = file_data.iloc[:2022,2].values.tolist()
for i in range(3):
    final_list_3.append(int(np.exp(log_result_3[i-3])*final_list_3[-1]))
    
final_list_3 = pd.DataFrame(final_list_3,columns=['number']) 
final_list_3['year']= np.arange(1970,2026)
final_list_3.tail()

Out[17]:

In [41]: # Find the best order of the log return of F3

import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(lrets.iloc[:,3], max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [18]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(lrets.iloc[:,3],order=(0,0,1)).fit()  
params=arma_mdl.params
print('\ncoef estimate:\n',(params))

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

In [19]: #show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
plt.figure(figsize=(20,10))
plt.plot(np.append(lrets.iloc[:,3],arma_forcecasts),label='forecast')
plt.plot(lrets.iloc[:,3].values,label='original')
plt.legend(fontsize=15)
plt.show()

In [20]: log_result_4 = list(np.append(lrets.iloc[:,3].values,arma_forcecasts))
final_list_4 = file_data.iloc[:2022,3].values.tolist()
for i in range(3):
    final_list_4.append(int(np.exp(log_result_4[i-3])*final_list_4[-1]))
    
final_list_4 = pd.DataFrame(final_list_4,columns=['number']) 
final_list_4['year']= np.arange(1970,2026)
final_list_4.tail()

Out[20]:

In [46]: # Find the best order of the log return of F3

import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(lrets.iloc[:,4], max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [21]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(lrets.iloc[:,4],order=(0,0,4)).fit()  
params=arma_mdl.params
print('\ncoef estimate:\n',(params))

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

In [22]: #show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
plt.figure(figsize=(20,10))
plt.plot(np.append(lrets.iloc[:,4],arma_forcecasts),label='forecast')
plt.plot(lrets.iloc[:,4].values,label='original')
plt.legend(fontsize=15)
plt.show()

In [23]: log_result_5 = list(np.append(lrets.iloc[:,4].values,arma_forcecasts))
final_list_5 = file_data.iloc[:2022,4].values.tolist()
for i in range(3):
    final_list_5.append(int(np.exp(log_result_5[i-3])*final_list_5[-1]))
    
final_list_5 = pd.DataFrame(final_list_5,columns=['number']) 
final_list_5['year']= np.arange(1970,2026)
final_list_5.tail()

Out[23]:

In [24]: fig = plt.figure(figsize=(30,10))
ax = fig.add_subplot(111)
x = np.arange(len(final_list_1['year'][:]))
width = 0.2  

ax.plot(x- width*1.5, [0 for i in range(56)],  label='Cleland-Chiari Malformation',color='grey',linestyle='--')
ax.bar(x - width*0.5, final_list_1['number'][:], width, label='Chiari Malformation')
ax.bar(x + width*0.5 , final_list_2['number'][:], width, label='Arnold-Chiari Malformation')
ax.plot(x+ width*1.5, [0 for i in range(56)],  label='Cruveilhier-Cleland-Chiari Malformation',color='grey',linestyle='--')

plt.xticks(x, labels=final_list_1['year'][:])

handles,labels = ax.get_legend_handles_labels()
handles = [handles[2],handles[3],handles[0], handles[1]]
labels = [labels[2], labels[3],labels[0], labels[1]]
ax.legend(handles,labels,loc='upper left', fontsize=15)

plt.xticks(x, labels=[])

# ax.legend()
plt.show() 

In [25]: fig = plt.figure(figsize=(30,10))
ax = fig.add_subplot(111)
x = np.arange(len(final_list_1['year'][:]))
width = 0.2  # Width of column

ax.bar(x- width*1.5, -final_list_3['number'][:], width, label='Tonsillar Herniation',color='green')
# ax.plot(x- width*1.5, final_list_3['number'][:],  label='Tonsillar Herniation',color='grey',linestyle='--')
ax.bar(x - width*0.5, -final_list_4['number'][:], width, label='Chiari Deformity',color='red')
ax.bar(x + width*0.5 , -final_list_5['number'][:], width, label='Chiari Syndrome',color='purple')
ax.plot(x+ width*1.5, [0 for i in range(56)],  label='Chiari Complex',color='grey',linestyle='--')

plt.xticks(x, labels=final_list_1['year'][:])

handles,labels = ax.get_legend_handles_labels()
handles = [handles[1],handles[2],handles[3],handles[0]]
labels = [labels[1], labels[2],labels[3], labels[0]]
ax.legend(handles,labels,loc='upper left', bbox_to_anchor=(0,0.95),fontsize=15)
plt.xticks(x, labels=final_list_1['year'][:])
plt.show() 



plt.show() 

In [ ]:  

In [ ]:  



B For Figure 5 C and D



Chiari 0 Malformation Chiari 1 Malformation Chiari 1.5 Malformation Chiari 2 Malformation Chiari 3 Malformation Chiari 4 Malformation

Term

1891-1950 2.0 261.0 0.0 44.0 83.0 28.0

1951 0.0 7.0 0.0 0.0 1.0 0.0

1952 1.0 7.0 0.0 0.0 0.0 0.0

1953 0.0 8.0 0.0 1.0 0.0 1.0

1954 0.0 16.0 0.0 0.0 1.0 1.0

... ... ... ... ... ... ...

2018 21.0 1047.0 11.0 326.0 43.0 28.0

2019 25.0 1132.0 20.0 324.0 42.0 15.0

2020 47.0 1176.0 25.0 316.0 33.0 20.0

2021 38.0 1278.0 20.0 348.0 40.0 24.0

2022 40.0 1344.0 16.0 381.0 35.0 24.0

73 rows × 6 columns

The p-value of Unit Root Test is: 0.002823210674356034

The data is stationary:

The p-value is very closed to 0, so we can reject H0(There exists unit root)

Autoregressive Moving Average Models - ARMA(p, q)

The order of the model with smallest aic value is: (0, 4)

The residuals seem like white noise.

The forecast of one-step-ahead momentum is:  [-3.299961    6.90391325  1.63316946]

number year

51 38.0 2021

52 40.0 2022

53 36.0 2023

54 42.0 2024

55 43.0 2025

The p-value of Unit Root Test is: 0.006547870309873239

The order of the model with smallest aic value is: (0, 1)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [4.01294796 0.95709598 0.95709598]

number year

51 20.0 2021

52 16.0 2022

53 20.0 2023

54 20.0 2024

55 20.0 2025

The p-value of Unit Root Test is: 5.4810303545293864e-11

The order of the model with smallest aic value is: (2, 2)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [-34.93502002  -9.38611697   9.77799536]

number year

51 348.0 2021

52 381.0 2022

53 346.0 2023

54 336.0 2024

55 345.0 2025

The p-value of Unit Root Test is: 2.388571524180974e-13

The order of the model with smallest aic value is: (2, 3)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [ 3.65852735 -1.75650405 -2.33083602]

number year

51 40.0 2021

52 35.0 2022

53 38.0 2023

54 36.0 2024

55 33.0 2025

The p-value of Unit Root Test is: 7.090280127914582e-05

The order of the model with smallest aic value is: (0, 2)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [-0.67756426  1.3061745   0.80797808]

number year

51 24.0 2021

52 24.0 2022

53 23.0 2023

54 24.0 2024

55 24.0 2025

The p-value of Unit Root Test is: 2.1516214225422885e-14

The order of the model with smallest aic value is: (2, 2)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [12.12507604 42.89843479 46.84480986]

number year

51 1278.0 2021

52 1344.0 2022

53 1356.0 2023

54 1398.0 2024

55 1444.0 2025

In [1]: import pandas as pd 
import datetime
import numpy as np 
import os
import sys

import statsmodels.formula.api as smf
import statsmodels.tsa.api as smt
import statsmodels.api as sm
import scipy.stats as scs
from statsmodels.stats.diagnostic import acorr_ljungbox  # white noise test
from statsmodels.tsa.stattools import adfuller   #stationarity

import matplotlib.pyplot as plt
import matplotlib as mpl

In [2]: #input the data from csv file
file_data = pd.read_excel("Figure2-prediction.xlsx").iloc[:-6,:].set_index('Term')
file_data

Out[2]:

In [3]: #check the stationarity
term1 = np.diff(file_data.loc[2000:,'Chiari 0 Malformation'])
print("The p-value of Unit Root Test is:",adfuller(term1,autolag='AIC')[1] )

In [4]: # Find the best order of the log return of F1

import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term1, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [5]: #fit the data using ARMA(0,1)
import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term1,order=(0,0,4)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

In [6]: #show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [7]: plt.figure(figsize=(20,10))
plt.plot(np.append(term1,arma_forcecasts),label='forecast')
plt.plot(term1,label='original')
plt.legend(fontsize=15)
plt.show()

In [8]: log_result_1 = list(np.append(term1,arma_forcecasts))
final_list_1 =file_data.loc[1970:,'Chiari 0 Malformation'].values.tolist()
# final_list_1 = [file_data.loc[1970,'Chiari Malformation']]
# for i in range(len(log_result_1)):
#     final_list_1.append(int(np.exp(log_result_1[i])*final_list_1[i]))
for i in range(3):
    final_list_1.append(int(log_result_1[i-3]+final_list_1[-1]))
    
final_list_1 = pd.DataFrame(final_list_1,columns=['number']) 
final_list_1['year']= np.arange(1970,2026)
final_list_1.tail()

Out[8]:

In [12]: #check the stationarity
term2 = np.diff(file_data.loc[2000:,'Chiari 1.5 Malformation'])
print("The p-value of Unit Root Test is:",adfuller(term2,autolag='AIC')[1] )

In [13]: import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term2, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [14]: #fit the data using ARMA(0,1)
import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term2,order=(0,0,1)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')
    
#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [15]: log_result_2 = list(np.append(term2,arma_forcecasts))
final_list_2 =file_data.loc[1970:,'Chiari 1.5 Malformation'].values.tolist()

for i in range(3):
    final_list_2.append(int(log_result_2[i-3]+final_list_2[-1]))
    
final_list_2 = pd.DataFrame(final_list_2,columns=['number']) 
final_list_2['year']= np.arange(1970,2026)
final_list_2.tail()

Out[15]:

In [16]: #check the stationarity
term3 = np.diff(file_data.loc[1971:,'Chiari 2 Malformation '])
print("The p-value of Unit Root Test is:",adfuller(term3,autolag='AIC')[1] )

In [17]: import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term3, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [18]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term3,order=(2,0,2)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [19]: plt.figure(figsize=(20,10))
plt.plot(np.append(term3,arma_forcecasts),label='forecast')
plt.plot(term3,label='original')
plt.legend(fontsize=15)
plt.show()

In [20]: log_result_3 = list(np.append(term3,arma_forcecasts))
final_list_3 =file_data.loc[1970:,'Chiari 2 Malformation '].values.tolist()

for i in range(3):
    final_list_3.append(int(log_result_3[i-3]+final_list_3[-1]))
    
final_list_3 = pd.DataFrame(final_list_3,columns=['number']) 
final_list_3['year']= np.arange(1970,2026)
final_list_3.tail()

Out[20]:

In [21]: #check the stationarity
term4 = np.diff(file_data.loc[1971:,'Chiari 3 Malformation '])
print("The p-value of Unit Root Test is:",adfuller(term4,autolag='AIC')[1] )

In [22]: import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term4, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [23]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term4,order=(2,0,3)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [24]: log_result_4 = list(np.append(term4,arma_forcecasts))
final_list_4 =file_data.loc[1970:,'Chiari 3 Malformation '].values.tolist()

for i in range(3):
    final_list_4.append(int(log_result_4[i-3]+final_list_4[-1]))
    
final_list_4 = pd.DataFrame(final_list_4,columns=['number']) 
final_list_4['year']= np.arange(1970,2026)
final_list_4.tail()

Out[24]:

In [26]: #check the stationarity
term5 = np.diff(file_data.loc[2004:,'Chiari 4 Malformation '])
print("The p-value of Unit Root Test is:",adfuller(term5,autolag='AIC')[1] )

In [27]: import warnings
warnings.filterwarnings("ignore")
import statsmodels.tsa.stattools as st
order_analyze = st.arma_order_select_ic(term5, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [28]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term5,order=(0,0,2)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [29]: log_result_5 = list(np.append(term5,arma_forcecasts))
final_list_5 =file_data.loc[1970:,'Chiari 4 Malformation '].values.tolist()

for i in range(3):
    final_list_5.append(int(log_result_5[i-3]+final_list_5[-1]))
    
final_list_5 = pd.DataFrame(final_list_5,columns=['number']) 
final_list_5['year']= np.arange(1970,2026)
final_list_5.tail()

Out[29]:

In [39]: #check the stationarity
term6 = np.diff(file_data.loc[1975:,'Chiari 1 Malformation '])
print("The p-value of Unit Root Test is:",adfuller(term6,autolag='AIC')[1] )

In [40]: import warnings
warnings.filterwarnings("ignore")
import statsmodels.tsa.stattools as st
order_analyze = st.arma_order_select_ic(term6, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [41]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term6,order=(2,0,2)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [42]: log_result_6 = list(np.append(term6,arma_forcecasts))
final_list_6 =file_data.loc[1970:,'Chiari 1 Malformation '].values.tolist()

for i in range(3):
    final_list_6.append(int(log_result_6[i-3]+final_list_6[-1]))
    
final_list_6 = pd.DataFrame(final_list_6,columns=['number']) 
final_list_6['year']= np.arange(1970,2026)
final_list_6.tail()

Out[42]:

In [43]: fig = plt.figure(figsize=(30,10))
ax = fig.add_subplot(111)
x = np.arange(len(final_list_1['year'][:]))
width = 0.2  # Width of column

ax.bar(x - width*1.5, [0 for i in range(56)], width, label='Chiari 0 Malformation')
ax.plot(x- width*1.5, [0 for i in range(56)],  label='Chiari 0.5 Malformation',color='grey',linestyle='--')
ax.bar(x - width*1.5 , final_list_6['number'][:], width, label='Chiari 1 Malformation ')
ax.bar(x - width*0.5,[0 for i in range(56)],  width,  label='Chiari 1.5 Malformation ')
ax.bar(x - width*0.5, final_list_3['number'][:], width, label='Chiari 2 Malformation')
ax.bar(x + width*0.5 , final_list_4['number'][:], width, label='Chiari 3 Malformation ')
ax.plot(x- width*0.5, [0 for i in range(56)],  label='Chiari 3.5 Malformation',color='grey',linestyle='--')
ax.bar(x+ width*1.5, final_list_5['number'][:],  width,  label='Chiari 4 Malformation ')
# ax.plot(x+ width*1.5, final_list_2['number'][:],  label='Chiari 1.5 Malformation ',color='grey',linestyle='--')

plt.xticks(x, labels=final_list_1['year'][:])

handles,labels = ax.get_legend_handles_labels()
handles = [ handles[2],handles[0],handles[3],handles[4],handles[5],handles[6],handles[1],handles[7]]
labels = [  labels[2],labels[0],labels[3],labels[4],labels[5],labels[6],labels[1],labels[7]]
ax.legend(handles,labels,loc='upper left', fontsize=15)

# plt.xticks(x, labels=[])

# ax.legend()
plt.show() 

In [44]: fig = plt.figure(figsize=(30,10))
ax = fig.add_subplot(111)
x = np.arange(len(final_list_1['year'][:]))
width = 0.2  # Width of column

ax.bar(x - width, -final_list_1['number'][:], width, label='Chiari 0 Malformation',color='#1f77b4')
ax.bar(x + width, -final_list_2['number'][:],  width,  label='Chiari 1.5 Malformation ',color='green')
# ax.plot(x+ width*1.5, final_list_2['number'][:],  label='Chiari 1.5 Malformation ',color='grey',linestyle='--')

plt.xticks(x, labels=final_list_1['year'][:])

# ax.legend()
plt.show() 

In [ ]:  



For Figure 5 E and FC



Acquired Chiari Malformation Primary Chiari Malformation Chiari-Etiologies

Term

1891-1950 0.0 5.0 0.0

1951 0.0 0.0 0.0

1952 0.0 0.0 0.0

1953 0.0 0.0 0.0

1954 0.0 0.0 0.0

... ... ... ...

2018 47.0 4.0 0.0

2019 41.0 6.0 2.0

2020 51.0 19.0 1.0

2021 57.0 14.0 0.0

2022 56.0 14.0 0.0

73 rows × 3 columns

The p-value of Unit Root Test is: 6.34218061742223e-18

The data is stationary:

The p-value is very closed to 0, so we can reject H0(There exists unit root)

Autoregressive Moving Average Models - ARMA(p, q)

The order of the model with smallest aic value is: (1, 0)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [2.42476853 0.86480605 1.57536004]

number year

40 57.0 2021

41 56.0 2022

42 58.0 2023

43 58.0 2024

44 59.0 2025

The p-value of Unit Root Test is: 0.0039896229513138905

The order of the model with smallest aic value is: (0, 1)

Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.
The forecast of one-step-ahead momentum is:  [-1.59470841  0.31137112  0.31137112]

number year

40 14.0 2021

41 14.0 2022

42 12.0 2023

43 12.0 2024

44 12.0 2025

The p-value of Unit Root Test is: 0.00023079270434562372

The order of the model with smallest aic value is: (3, 0)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [ 1.28548411  0.06665796 -0.71332457]

number year

40 0.0 2021

41 0.0 2022

42 1.0 2023

43 1.0 2024

44 0.0 2025

In [1]: import pandas as pd 
import datetime
import numpy as np 
import os
import sys

import statsmodels.formula.api as smf
import statsmodels.tsa.api as smt
import statsmodels.api as sm
import scipy.stats as scs
from statsmodels.stats.diagnostic import acorr_ljungbox  # white noise test
from statsmodels.tsa.stattools import adfuller   #stationarity

import matplotlib.pyplot as plt
import matplotlib as mpl

In [7]: #input the data from csv file
file_data = pd.read_excel("Figure3-prediction.xlsx").iloc[:-6,:].set_index('Term')
file_data

Out[7]:

In [8]: #check the stationarity
term1 = np.diff(file_data.loc[1981:,'Acquired Chiari Malformation'])
# term1 = file_data.loc[1984:,'Secondary Chiari Malformation']
print("The p-value of Unit Root Test is:",adfuller(term1,autolag='AIC')[1] )

In [9]: # Find the best order of the log return of F1

import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term1, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [10]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term1,order=(1,0,0)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [11]: plt.figure(figsize=(20,10))
plt.plot(np.append(term1,arma_forcecasts),label='forecast')
plt.plot(term1,label='original')
plt.legend(fontsize=15)
plt.show()

In [13]: log_result_1 = list(np.append(term1,arma_forcecasts))
final_list_1 =file_data.loc[1981:,'Acquired Chiari Malformation'].values.tolist()

for i in range(3):
    final_list_1.append(int(log_result_1[i-3]+final_list_1[-1]))
    
final_list_1 = pd.DataFrame(final_list_1,columns=['number']) 
final_list_1['year']= np.arange(1981,2026)
final_list_1.tail()

Out[13]:

In [19]: #check the stationarity
term2 = np.diff(file_data.loc[1981:,'Primary Chiari Malformation'])
print("The p-value of Unit Root Test is:",adfuller(term2,autolag='AIC')[1] )

In [20]: import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term2, max_ar=5, max_ma=5, ic=['bic'])
print("The order of the model with smallest bic value is:",order_analyze.bic_min_order)

In [21]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term2,order=(0,0,1)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')
    
#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [22]: log_result_2 = list(np.append(term2,arma_forcecasts))
final_list_2 =file_data.loc[1981:,'Primary Chiari Malformation'].values.tolist()

for i in range(3):
    final_list_2.append(int(log_result_2[i-3]+final_list_2[-1]))
    
final_list_2 = pd.DataFrame(final_list_2,columns=['number']) 
final_list_2['year']= np.arange(1981,2026)
final_list_2.tail()

Out[22]:

In [24]: #check the stationarity
term3 = np.diff(file_data.loc[1970:,'Chiari-Etiologies '])
print("The p-value of Unit Root Test is:",adfuller(term3,autolag='AIC')[1] )

In [25]: import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term3, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [26]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term3,order=(3,0,0)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [27]: plt.figure(figsize=(20,10))
plt.plot(np.append(term3,arma_forcecasts),label='forecast')
plt.plot(term3,label='original')
plt.legend(fontsize=15)
plt.show()

In [29]: log_result_3 = list(np.append(term3,arma_forcecasts))
final_list_3 =file_data.loc[1981:,'Chiari-Etiologies '].values.tolist()

for i in range(3):
    final_list_3.append(int(log_result_3[i-3]+final_list_3[-1]))
    
final_list_3 = pd.DataFrame(final_list_3,columns=['number']) 
final_list_3['year']= np.arange(1981,2026)
final_list_3.tail()

Out[29]:

In [30]: plt.figure(figsize=(30,10))
x = np.arange(len(final_list_1['year'][:]))
width = 0.2  # Width of column

plt.bar(x, final_list_1['number'][:], width, label='Secondary Chiari Malformation')
# plt.bar(x ,final_list_2['number'][:], width, label='Primary Chiari Malformation ')
# plt.bar(x + width, -final_list_3['number'][:], width, label='Chiari-Like Malformation')
# plt.plot(x - width, [0 for i in range(44)],color='black')
# plt.plot(x + width, [0 for i in range(44)],color='black')

plt.xticks(x, labels=final_list_1['year'][:])
plt.legend(fontsize=15)
plt.show() 

In [32]: fig = plt.figure(figsize=(30,10))
ax = fig.add_subplot(111)
x = np.arange(len(final_list_1['year'][:]))
width = 0.2  # Width of column

ax.plot(x- width*0.5, [0 for i in range(45)],  label='Chiari-Etiologies ',color='grey',linestyle='--')
ax.bar(x, -final_list_2['number'][:], width, label='Primary Chiari Malformation',color='green')

plt.xticks(x, labels=final_list_1['year'][:])

handles,labels = ax.get_legend_handles_labels()
handles = [ handles[1],handles[0]]
labels = [  labels[1],labels[0]]
ax.legend(handles,labels,loc='upper left', bbox_to_anchor=(0,0.95),fontsize=15)

plt.show() 

In [ ]:  



For Figure 5 G and HD



Benign Chiari Malformation Simple Chiari Malformation Complex Chiari Malformation Syringomyelia-Chiari complex Unnamed: 5

Term

1891-1950 0.0 5.0 0.0 0.0 NaN

1951 0.0 0.0 0.0 0.0 NaN

1952 0.0 0.0 0.0 0.0 NaN

1953 0.0 0.0 0.0 0.0 NaN

1954 0.0 0.0 0.0 0.0 NaN

... ... ... ... ... ...

2018 23.0 6.0 6.0 8.0 NaN

2019 25.0 15.0 14.0 7.0 NaN

2020 23.0 10.0 14.0 6.0 NaN

2021 26.0 8.0 10.0 10.0 NaN

2022 30.0 9.0 19.0 6.0 NaN

73 rows × 5 columns

The p-value of Unit Root Test is: 2.4589548053980605e-10

The data is stationary:

The p-value is very closed to 0, so we can reject H0(There exists unit root)

Autoregressive Moving Average Models - ARMA(p, q)

The order of the model with smallest aic value is: (1, 1)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [-3.44851958  2.71578059 -0.1618417 ]

number year

50 26.0 2021

51 30.0 2022

52 26.0 2023

53 28.0 2024

54 27.0 2025

The p-value of Unit Root Test is: 4.695686065427419e-11

The order of the model with smallest aic value is: (0, 2)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [-4.80442414  1.85450302  0.37905365]

number year

50 10.0 2021

51 19.0 2022

52 14.0 2023

53 15.0 2024

54 15.0 2025

The p-value of Unit Root Test is: 1.272030601526295e-12

The order of the model with smallest aic value is: (2, 2)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [1.25808228 0.6410253  0.30930622]

number year

50 8.0 2021

51 9.0 2022

52 10.0 2023

53 10.0 2024

54 10.0 2025

The p-value of Unit Root Test is: 1.272030601526295e-12

The order of the model with smallest aic value is: (0, 3)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [1.83311781 1.58857831 0.27825724]

number year

50 10.0 2021

51 6.0 2022

52 7.0 2023

53 8.0 2024

54 8.0 2025

In [1]: import pandas as pd 
import datetime
import numpy as np 
import os
import sys

import statsmodels.formula.api as smf
import statsmodels.tsa.api as smt
import statsmodels.api as sm
import scipy.stats as scs
from statsmodels.stats.diagnostic import acorr_ljungbox  # white noise test
from statsmodels.tsa.stattools import adfuller   #stationarity

import matplotlib.pyplot as plt
import matplotlib as mpl

In [4]: #input the data from csv file
file_data = pd.read_excel("Figure4-prediction.xlsx").iloc[:-6,:].set_index('Term')
file_data

Out[4]:

In [5]: #check the stationarity
term1 = np.diff(file_data.loc[1986:,'Benign Chiari Malformation'])
print("The p-value of Unit Root Test is:",adfuller(term1,autolag='AIC')[1] )

In [6]: import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term1, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [7]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term1,order=(1,0,1)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [8]: plt.figure(figsize=(20,10))
plt.plot(np.append(term1,arma_forcecasts),label='forecast')
plt.plot(term1,label='original')
plt.legend(fontsize=15)
plt.show()

In [9]: log_result_1 = list(np.append(term1,arma_forcecasts))
final_list_1 =file_data.loc[1971:,'Benign Chiari Malformation'].values.tolist()

for i in range(3):
    final_list_1.append(int(log_result_1[i-3]+final_list_1[-1]))
    
final_list_1 = pd.DataFrame(final_list_1,columns=['number']) 
final_list_1['year']= np.arange(1971,2026)
final_list_1.tail()

Out[9]:

In [10]: #check the stationarity
term2 = np.diff(file_data.loc[1981:,'Complex Chiari Malformation'])
print("The p-value of Unit Root Test is:",adfuller(term2,autolag='AIC')[1] )

In [15]: import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term2, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [16]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term2,order=(0,0,2)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')
    
#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [17]: log_result_2 = list(np.append(term2,arma_forcecasts))
final_list_2 =file_data.loc[1971:,'Complex Chiari Malformation'].values.tolist()

for i in range(3):
    final_list_2.append(int(log_result_2[i-3]+final_list_2[-1]))
    
final_list_2 = pd.DataFrame(final_list_2,columns=['number']) 
final_list_2['year']= np.arange(1971,2026)
final_list_2.tail()

Out[17]:

In [18]: #check the stationarity
term3 = np.diff(file_data.loc[1971:,'Simple Chiari Malformation'])
print("The p-value of Unit Root Test is:",adfuller(term3,autolag='AIC')[1] )

In [23]: import warnings
warnings.filterwarnings("ignore")
import statsmodels.tsa.stattools as st
order_analyze = st.arma_order_select_ic(term3, max_ar=5, max_ma=5, ic=['aic'])
print("The order of the model with smallest aic value is:",order_analyze.aic_min_order)

In [24]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term3,order=(2,0,2)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [25]: plt.figure(figsize=(20,10))
plt.plot(np.append(term3,arma_forcecasts),label='forecast')
plt.plot(term3,label='original')
plt.legend(fontsize=15)
plt.show()

In [27]: log_result_3 = list(np.append(term3,arma_forcecasts))
final_list_3 =file_data.loc[1971:,'Simple Chiari Malformation'].values.tolist()

for i in range(3):
    final_list_3.append(int(log_result_3[i-3]+final_list_3[-1]))
    
final_list_3 = pd.DataFrame(final_list_3,columns=['number']) 
final_list_3['year']= np.arange(1971,2026)
final_list_3.tail()

Out[27]:

In [38]: #check the stationarity
term4 = np.diff(file_data.loc[2000:,'Syringomyelia-Chiari complex'])
print("The p-value of Unit Root Test is:",adfuller(term3,autolag='AIC')[1] )

In [39]: import warnings
warnings.filterwarnings("ignore")
import statsmodels.tsa.stattools as st
order_analyze = st.arma_order_select_ic(term4, max_ar=5, max_ma=5, ic=['bic'])
print("The order of the model with smallest aic value is:",order_analyze.bic_min_order)

In [40]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term4,order=(0,0,3)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [44]: log_result_4 = list(np.append(term4,arma_forcecasts))
final_list_4 =file_data.loc[1971:,'Syringomyelia-Chiari complex'].values.tolist()

for i in range(3):
    final_list_4.append(int(log_result_4[i-3]+final_list_4[-1]))
    
final_list_4 = pd.DataFrame(final_list_4,columns=['number']) 
final_list_4['year']= np.arange(1971,2026)
final_list_4.tail()

Out[44]:

In [45]: fig = plt.figure(figsize=(30,10))
ax = fig.add_subplot(111)
x = np.arange(len(final_list_1['year'][:]))
width = 0.2  # Width of column

ax.bar(x - width*1, final_list_1['number'][:], width, label='Benign Chiari Malformation')
ax.bar(x , final_list_2['number'][:], width, label='Complex Chiari Malformation ')
ax.bar(x+ width*1, final_list_3['number'][:],  width,  label='Simple Chiari Malformation')

plt.xticks(x, labels=final_list_1['year'][:])

handles,labels = ax.get_legend_handles_labels()
handles = [handles[0],handles[2], handles[1]]
labels = [  labels[0],labels[2],labels[1]]
ax.legend(handles,labels,loc='upper left', fontsize=15)

# ax.legend()
plt.show() 

In [46]: fig = plt.figure(figsize=(30,10))
ax = fig.add_subplot(111)
x = np.arange(len(final_list_1['year'][:]))
width = 0.2  # Width of column

ax.bar(x , -final_list_4['number'][:], width, label='Syringomyelia-Chiari Complex ',color='red')

plt.xticks(x, labels=final_list_1['year'][:])

# handles,labels = ax.get_legend_handles_labels()
# handles = [handles[0],handles[2], handles[1]]
# labels = [ labels[0],labels[2],labels[1]]
# ax.legend(handles,labels,loc='upper left', fontsize=15)

ax.legend()
plt.show() 

In [ ]:  



For Figure 5 IE



Chiari-Like Malformation

Term

1891-1950 1.0

1951 0.0

1952 0.0

1953 0.0

1954 0.0

... ...

2018 43.0

2019 40.0

2020 33.0

2021 37.0

2022 44.0

73 rows × 1 columns

The p-value of Unit Root Test is: 5.5190635734093215e-18

The data is stationary:

The p-value is very closed to 0, so we can reject H0(There exists unit root)

Autoregressive Moving Average Models - ARMA(p, q)

The order of the model with smallest aic value is: (1, 0)

The residuals seem like white noise.
The forecast of one-step-ahead momentum is:  [-1.86420322  2.7454502   0.34829118]

number year

50 37.0 2021

51 44.0 2022

52 42.0 2023

53 44.0 2024

54 44.0 2025

In [1]: import pandas as pd 
import datetime
import numpy as np 
import os
import sys

import statsmodels.formula.api as smf
import statsmodels.tsa.api as smt
import statsmodels.api as sm
import scipy.stats as scs
from statsmodels.stats.diagnostic import acorr_ljungbox  # white noise test
from statsmodels.tsa.stattools import adfuller   #stationarity

import matplotlib.pyplot as plt
import matplotlib as mpl

In [2]: #input the data from csv file
file_data = pd.read_excel("Figure5-prediction.xlsx").iloc[:-6,:].set_index('Term')
file_data

Out[2]:

In [3]: #check the stationarity
term1 = np.diff(file_data.loc[1986:,'Chiari-Like Malformation'])
print("The p-value of Unit Root Test is:",adfuller(term1,autolag='AIC')[1] )

In [6]: import warnings
warnings.filterwarnings("ignore")

import statsmodels.tsa.stattools as st

order_analyze = st.arma_order_select_ic(term1, max_ar=5, max_ma=5, ic=['bic'])
print("The order of the model with smallest aic value is:",order_analyze.bic_min_order)

In [7]: import warnings
warnings.filterwarnings("ignore")

from statsmodels.tsa.arima_model import ARIMA 
arma_mdl = ARIMA(term1,order=(1,0,0)).fit()  
params=arma_mdl.params

#check whether residuals are white noise or not 
pvalue_LB_test = acorr_ljungbox(arma_mdl.resid,lags=[10], boxpierce=False,return_df=False)[1][0] 

if pvalue_LB_test < 0.05:
    print('Basesd on 5% siginificance level, we have reason to suspect the residuals are not white noise.')
else:
    print('The residuals seem like white noise.')

#show the forecast parts of ARMA model 
arma_forcecasts,err95,ci95 = arma_mdl.forecast(steps=3)
print("The forecast of one-step-ahead momentum is: ",arma_forcecasts)

In [8]: plt.figure(figsize=(20,10))
plt.plot(np.append(term1,arma_forcecasts),label='forecast')
plt.plot(term1,label='original')
plt.legend(fontsize=15)
plt.show()

In [9]: log_result_1 = list(np.append(term1,arma_forcecasts))
final_list_1 =file_data.loc[1971:,'Chiari-Like Malformation'].values.tolist()

for i in range(3):
    final_list_1.append(int(log_result_1[i-3]+final_list_1[-1]))
    
final_list_1 = pd.DataFrame(final_list_1,columns=['number']) 
final_list_1['year']= np.arange(1971,2026)
final_list_1.tail()

Out[9]:

In [10]: fig = plt.figure(figsize=(30,10))
ax = fig.add_subplot(111)
x = np.arange(len(final_list_1['year'][:]))
width = 0.2  # Width of column

ax.bar(x, final_list_1['number'][:], width, label='Chiari-Like Malformation')

plt.xticks(x, labels=final_list_1['year'][:])

ax.legend(loc='upper left')
plt.show() 

In [ ]:  


