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Abstract:

In this study, we aim to estimate an ARDL model that links unemployment rates in Algeria with GDP,
inflation rate, and oil prices for the period 1980-2023. The estimation process was conducted using Python
3, with the assistance of Al (ChatGPT-4) to generate appropriate commands for the estimation process.
The study's findings indicate the existence of both long-term and short-term relationships among the
examined variables. The theoretical results also highlight the significant role of Al tools (ChatGPT-4)
when integrated with econometrics, as they assist in writing specialized programming commands,
estimating the model, extracting results, and interpreting them.
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Python 3 § &)l lasl couds (245) sl :2 S

pip install numpy pandas matplotlib statsmodels
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Python 3 3§ LdLasiuw!y oLl ez yal 13 A
[2]: import pandas as pd

file path = "data.xlsx"™
df = pd.read_excel(file_ path)}

# DMisplay the fFfirst 5 rows
print{(™ First 5 rows of the dataset:")
print(df.head())

# DMisplay summary statistics jfor all numerical columns
print ("Wl Descriptiw s
print(df.describe()

= in eagch column

# Check for missing value
print{"Wwn<, Missing walues per column:"™)

print{(df.isnull{).sum{})
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[4]: dimport pandas as pd
import matplotlib.pyplot as plt

file_path = "data.xlsx"
df = pd.read_excel(file_path)
df.index = range({l298e, 12988 + len(df))
fig, axes = plt.subplots(nrows=2, ncols=2, figsize=(8, 4), sharex=True)
axes[®, @].plot{df.index, df["'rgdp"]., marker="o0', linestyle="'"-', color="b")
axes[@, 8].set_title("Real GDP")
axes[@, 0].grid{True)
axes[@, 1].plot{df.index, df["'eil price'], marker="s", linestyle="--", coler="r")
axes[®, 1].set_title("0il Price™)
axes[®, 1].grid{True)
axes[1, @].plot{df.index, df["inf"], marker=""", linestyle="-."', color="g")
axes[1l, 8].set_title("Inflation™)
axes[1, @].grid{True)
axes[1l, 1].plot{df.index, df["unempl'], marker="d", linestyle=":", color='purple")
axes[1, 1].set_title("Unemployment™)
axes[1, 1].grid{True)
for ax in axes[1]:
ax.set_xlabel({"Year™)
plt.tight_layout()
plt.show()
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import pandas as pd final results =

import numpy as np . - .

from statsmodels.tsa.stattools import adfuller 1"tegrat10n_a'ders =

file path = "data.xlsx” for var in variables:

df = pd.read _excel(file path} . . . .
df.index — range(1989, 1989 + len(df)) stable_result = get_stationary_series(df_log[var], var)
variables = ['rgdp’, ‘oil price’, ‘inf', ‘unempl- final_results.append(stable_result)

df_log = np.loglp(df[variables]) # log(l + X) .= Log(a)

it es ~der<lva = = o == o I P L
deF get stationary series(serics, var name}: integration_corders[var stable result['Integration Order

d=e for res in final_results:
while True:

print(f“=== {res[ ‘Variable"’ —=—"")
adf_test = adfuller(series, autolag="AIC") :
o valus = adf_test[1 print{f"ADF Statistic: {res['ADF Statistic']:.4f}")
i el E @-E5: print{f"P-value: {res['p-value']:.4f}")
CFEEI int{f" s Used: res[ "Lags Used' "y
*Variable': f"log({var_name}) - I{{d})", P E L WEERE 1A s WsE J
"ADF Statistic®: adf test[e], print{f"AIC: {res['AIC’ 4f1")
"p-value": wvalue, . " rps - - c Oorc q o oo
b @ E' d,p— dfuie et print{"Critical Values:™, res['Critical Values'])
g5 Use = st[2]., !

a
"ATIC': adf_test[5], Pf‘ih‘ti”—" A3
"Critical values': adf_test[4],
"Integration O

= serdies.diff().dropna()

3 0gtalig chatgpt-4 (e slaxe¥l oLl slue| (ot yuuall

s lilas] s a < ile sl Zaruny il pazell Aiasdl ol ) atal Zaulys o 3ybaadl 5o Jui s g
2y 03 ey J (5l e bl elital) a5, 8kl Jdhaal) L) Apos el AulLazo¥) Aasill ao ADF
S F TR (E1{JULNES PREVERSU TP DA B V- DA YR

Sl il ) paiu ] slas | il 2 Jouzed!

=== log{rgdp) - I(1) ===
ADF Statistic: -4.3216
P-value: @.20249

Lag=s Used: &

ATC: -151.5889

Critical VWalues: {'1%": -3.5966356360@@8432, '5%': -2.933297331821618, "18%': -2.6@4938975@566895F
=== log{oil price) - I(1) ===

ADF Statistic: -5.7428

P-wvalues: a.a228

Lags Used: 1

ATC: 7.8494

Critical values: {'1%": -3.60028336718852, "S&': -2.9351345158036812, "1eX': -2.6@59629383658282%}
=== log{inf) - I{1) ===

ADF Statistic: -7.59832

P-wvalues: @.2220

Lags Used: @

ATC: 52.0783

Critical VWalues: {'1%": -3.5966356360@8432, 'S¥%': -2.933297331821618, "18X%': -2.68499807585665895%}
=== log{unempl) - I{1) ===

ADF Statistic: -2.5522

P-value: @.8867

Lags Used: 1

ATC: -58.2434

Critical Values: {'1%": -3.60@28336718852, "'5%': -2.9351348158036812, "18%': -2.6@596298@36882827

3 0sisly Ol ysa e slare¥ly oLl sl (e tyusall

10



Lo e (1) Jo¥1 Ayl § alalSia (2 (6T Jg¥1 Byall § 8ydtuns Judlaad] praz oof LoDl oMlel Jguzdl I (10
(%5 %) 35 9,8l Lgiall bgiun (o 3 il Ligumll ADF &liasy P-value &g uell Adlais¥! @l pres oo
8yt ene Aol Dbl JUidlsg « (8 piance Al aal!) Ayl A oMl JguBy 2yainll s yall (a8, (e Juy dag (%10
ARDL &uzxiin 3asbas (Say ding Jo¥1 3,0l 3
(U291 5 madg Jo¥1 aligl a8Mall Lt | Al &l gzl uyuizes) ARDL 7 3gwei a3 2L B glaiel|
BOUNDS TEST gzl lais| oy Ladasg Loty 2l cilgmall iy Yol ag9a5 Cu ARDL 7 3905 juaatd (¥ (aud
25 ) 3T Aln (3 GU @ Y a1 A gyall bl o Jo¥) Ash 23155 28Me lia cilS Lo 13] 8500 2T (0
Sl S cnaiad Ostldl ae ARDL z3gai ypudsy alall . lasall o Jo¥) 5 uady Ja¥l dsgls 285l
285 J>l (0 STATS MODELS 335 sleaiial oy 4l ladl as el (ol 56831 ol 81 2,18 a1 (40 chatgpt-4
ity polidl ¥ LS @3y 7 3geid pads dal (e Jadd Buslg ellay] 308 Hlas| @iy 458 81 AasDaSy oz 350l
i Lasd 90 90 LS [6] Alidl G ARDL 7 35

Python 3 § ARDL 73 g3 5305 (395) yel :7 JSdI

import numpy as np

print("\nd ie o dedl caw 91 dlh Bl i e ¥,

import pandas as pd 1
import statsmodels.api as sm else: ) .
from statsmodels.tsa.stattools import coint long_run_rgdp = model.params["log_rgdp"] / denominator
from scipy.stats import long_run_oil price = model.params["log_oil price"] / denominator
Tile path = "data.xlsx” long_run_inf = model.params["log_inf"] / denominator
data = pd.|‘ead_a_<cel(f11e_pa‘th) N print("\n=== ¢ ¥l il aid) (Long-run Coefficients) & ===")
required_cols = ["unempl”, “rgdp”, "oil price", "inf" i

= o ) rint{f"log_rgdp: {long_run_rgdp:.4f}")
for col in required cols: P B g_rsap g_run_rgdp b

if col not in data.columns: print(f"log_oil price: {long_run_oil price:.4f}")
raise ValueError(f"4 sl '{col}’ ldl 3 Saec¥l closd daie o o Pl 8 25mpe 2, ") print{f"log_inf: {long_run_inf:.4f}")

data["log_unempl”] - np.loglp(data["unempl”]) data["ECT"] = model.resid.shift(l) # poeasdl (hsfl albas
data[" ] = np.logip(data[“rgdp”])
data["log oil price"]

short_run_X = data[["log_rgdp"”, "log_oil price™, "log_inf"]].diff().dropna()
short_run_X["ECT"] = data["ECT"].dropna()

= np.loglp(data["oil price"])

data["log_inf"] = np.loglp(data["inf"])
lags = 1 short_run_X = sm.add_constant{short_run_X) # zigaill culi adlaf
for i in range(1, lags + 1): short_run_y = data["log_unempl"].diff(}.dropna()
for var in ["log_unempl”, "log_rgdp”, "log oil price", "log_inf"]: ecm_model = sm.OLS(short_run_y, short_run X).fit()
a[f"{var}_lag{i}"] = [var].shift(i) PR o W25y 5 T
data[f"{var}_ lag{i}"] = data[var].shift(i) print("\n=== & el ol & (ECH) @ ===")

data = data.dropna()

i mary
X = data[["log_rgdp”, "log_oil price”, "log_inf"] + print (ecn_model. summary ()

TF"log_unempl_lag{i}” for i in range(l, lags + 1)] + ect_coefficient = ecm model.params["ECT™]
[f"log_rgdp_lag{i}" for i in range(l, lags + 1)] + pl"int(f‘”‘\"f esll e M= (ECT) = lect_coefficient:.af}")
[f"log_oil price lag{i}" for i in range(l, lags + 1)] + if ect_coefficient < 0:
By 0 P P - al 311 . . PR 11 e . - ' by T .o "
[f"log_inf_lag{i}" for i in range(1l, lags + 1)]] print( \no? el sk plall g e Y ) YR PP W PR ) KPR}
X = sm.add_constant(X) 1
y = data["log_unempl”] else o ) ) ) . . .
model = sm.OLS(y, X).Fit() print("\nd dadl dlple LA e 2y po |k B Lae s 5 Uesl) maal alna, )

print("\n=== & gl

print(model. sunmary())

def perform_bounds_test(model, exog_vars):
"1 5 B S s gl
restricted model = sm.OLS(nodel.resid, sm.add constant(model.model.exog[:, 1:])).fit()

/) Y]

unrestricted model = sm.OLS(model.model.endog, model.model.exog).fit()
f_stat = ((restricted model.ssr - unrestricted model.ssr) / len(exog_vars)) / (unrestricted model.ssr / unrestricted model.df resid)
critical values =

"I (4,29, 5.61),

"5 (3,79, 4.85),

"1 (3.17, 4.14),

print("\n=== ¢ :yull Jil (Bounds Test) ¢ ===")
print(f*F-statistic: {f_stat:.3f}\n")
for level, (lower, upper) in critical values.items():
if f_stat > upper:
result = "¢ Go¥l dyk 43l e ny (Cointegration)”
elif f stat ¢ lower:
result = "X ol ik 43)l il 5 V"
else:

result = "0 gl doga e e el dade e RS

print (" s {level}: Lower = {lover:.2f}, Upper = {upper:. 26} » {result}")
perform_bounds_test(model, data[["log_rgdp", "log oil price", "log_inf"]])

denominator = (1 - sum(model.params.get(f"log unempl lag{i}", @) for i in range(1, lags + 1)))
if denominator == @:

3 Osilig chatgpt-4 (e slae¥l il slae] (e s yiuall
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ARDL C.bj.mﬁ.\j."' éu.v 3 Jj.\.‘z.”

. ] - o T S —
liotes: OLS Regression Results
[1] Standard Errors assume that the covariance matrix of the errors is correctly specified.
1 ™ ' - ' ' T Dep. Variable: log_unempl R-squared: 8.274
- hep 42 lap 7 19aL03 2 — &
[2] The condition number is large, 7.32e+83. This might indicate that there are Model: OLs  Adj. R-squared: o 195
strong melticollinearity or other numerical problems. Method: Least Squarss  F-statistic: 3.43
Date: Sat, 22 Mar 2825 Prob (F-statistic): 8.e1s63
Time: @3:45:52 Log-Likelihood: 41.226
=== # .'j:L.‘ _.;; [Bounds Test) $ === No. Observations: 42 AIC: 72.45
O N Df Residuals: 37  BIC: 63.76
F-statistic: @.000 Df Model: 4
Covariance Type: onrobust
# 1 i Louer = 4,29, Upper = 5,61 + X Ja¥) i i e 8y coef td err t P>t [@.225 8.975]
T 4] =379 | - Ly |
5 A Lower = 3.79, Upper = 4.5 + X R i const @.2465 a.e2 2.065 8.846 2.001 2.892
# 10 s Lower = 3,17, Upper = 4,14 + X (¥ i 14 I log_rgdp 1.8880 8.657 2.872 8.0a87 3.220 -6.556
log_oil_price -8.8587 8.853 8.986 2.338 8.17% 8.862
log_inf -@.2240 @.930 2.796 8.431 @.985 8.937
=== 4 Ja¥l sk 2 (Long-run Coefficients) ¢ === ECT -@.3315 8.190 1.748 8.0359 8.718 5.853
log_rgdj: -4.8374 omnibus: 2.214 Durbin-Watson: 1.76
L T, 2 Prob(Omnibus): 2.330 Jargue-Bera (JB): 1.45
z -
log ofl price: -0.3591 skew: -8.447  Prob(J1B): 2.48
log_inf: -0.2413 Kurtosis: 3.126  Cond. No. aa.
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Python 3 § duaseddlly dsbasy| ol )lasd| dais (395) sl :8 U2

:  import numpy as np X = sm.add_constant(X)

import pandas as pd y = data["log_unempl™

model = sm.OLS(y, X).fit()

import statsmodels.api as sm
from statsmodels.tsa.stattools import coint

from scipy.stats import f print({"\n=== # glsd 25 =S5 ARDL # ===")

from statsmodels.cstats.diagnostic import acorr_breusch_godfrey, het_arch pl“:l'.r.t(mccel.suml"lal“_',-'():

from scipy.stats import jarque_bera . _ _ N _ -

file path — “"data.xlsx" Im_test = acorr_breusch_godfrey(model, nlags=2)

data = pd.read_excel(file path) print("\n=== 4 S L&/ Lia (LM Test) # ===")

data["log_unempl”] = np.loglp{data[ "unempl™]) pl"int("TES‘t Statistic:", 1lm test[e ;

data["log rgdp”] = np.loglp(datal “rgdp”]) . . " .

data["log oil price”] = np.loglp(data[”oil price”]) print("P-value:", lm_test[1]}

data["log_inf"] = np.loglp(data["inf"]) arch_test = het_arch{model.resid)

lags = 1 print("\n=== # isl ui-% Jdsl (ARCH Test) ® ===")

for i in range(l, lags + 1): . - . . " ~ \ :

for var in ["log unempl™, "log redp”, "log oil price”, "log inf"]: print("Test Statistic:", arch_test[@])
data[f"{var}_lag{i}"] = data[var].shift(i) print("P-value:", arch_test[1])

gatal gdatatinepua s jb_test = jarque_bera(model.resid)

X = data[["log_rgdp™, "log_oil_price”, "log_inf"] = o _— BT L e _ - o "y
FPilag el M ale G 8 5T renmelEs s = 01 © print("\n=== 4 = o el (Jarque-Bera Test) 4 ===")
f"log_rgdp_lag{i}” for i in range(l, lags + 1)] + print(“Test Statistic:", jb_test[e@])

T"log oil_price_lag(i]” for i in range(1, lags + 1)] + print("P-value:", b _test[1])
f"log_inf_lag{i}™ for i in range(l, lags + 1)} -

3 Ogiulig chatgpt-4 (e slaze¥l cnis Ll slue| o 2 yduall

A Slemyzell Wy das Python 3 @ galud e¥1 Jusdd aay
aseidll ol )Las¥ w4 Joazdl

=== i _____':"-_'l dalles g dlma (LM Test] »> ===

stic: 1.82322@F72252621857
- EBEB5528521754923567

@M

=—= W sl e dfal FARCH Test) # ===

Te=st Statistic: 2Z2.32320465747552567

Fovalus: @.9694823529597 37

=== b  =o=ll ~500 S fdgrque-Bera Test) & ===

istic: 1.565&734524968671
A 45718511827 F5E551L
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