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Abstract

The unemployment rate and Gross Domestic Product (GDP) are among the most important
economic indicators that understanding their current and future trends can help policymakers
and decision-makers adopt appropriate solutions to prevent crises and improve the
country’s economic situation. Accurate prediction of these two indicators can be useful in
future planning and improving the country’s economy and people’s livelihoods. In recent
years, artificial intelligence techniques and tools, given their many capabilities, can play
a very important role in predicting important economic indicators. Therefore, given the
high importance of the two indicators of unemployment rate and GDP on the economy
of our country Iran, this article intends to first predict these two indicators separately
and then predict the rate of GDP growth based on the unemployment rate using artificial
intelligence techniques. For this purpose, in this research, seasonal data related to GDP and
its components and the unemployment rate for the years 1976-2022 have been used. Also,
machine learning models based on regression have been used for prediction. The results
show that the predictions of the mentioned models have an appropriate accuracy in terms
of evaluation criteria such as root mean square error, mean absolute error, mean absolute
percentage error, which indicates.
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1. Introduction

In recent years, lran's economy has experienced conditions where unemployment
rates have increased simultaneously with economic growth, or a decrease in
production growth has been accompanied by a decrease in unemployment rates. In
macroeconomics, the Okun's law has long recognized the negative relationship
between the two important variables of economic growth and unemployment rates.
Therefore, the change in direction of these two important economic indicators has
been of interest to some economic experts. The relationship between economic
growth and unemployment rate or employment level is a topic that has recently
been discussed and studied among experts in the field of economics and
employment. Evidence suggests that the relationship between changes in economic
growth and unemployment rates has varied considerably over time and during
economic cycles and differs depending on the country or regions under study. This
relationship is not a constant one, but can vary depending on the time and conditions
of the countries. For example, increased productivity in an economy may lead to a
change in this relationship. The relationship between economic growth and
unemployment rates (or employment) is not a mathematical rule that is always valid
for every economy and every period of time, and there are counterexamples from
other countries indicating the absence of this rule. Although employing labor in
productive jobs and consequently increasing national production is an important
factor in the economic boom of a country and leads to an increase in its economic
growth, factors such as changes in labor productivity and the creation of new jobs

in low-productivity activities can reverse this effect.

Based on the importance of the two indicators of Gross Domestic Product (GDP)
and unemployment rate, this article predicts these two indicators and their impact
on each other using efficient artificial intelligence methods. To this end, the data
from the national accounts and population and employment statistics published by
the Statistical Center of Iran from 1976 to 2022 will be used. It should be noted that
the results of this research can be used by economic experts, the Ministry of

Economy and Finance, and the Ministry of Labor and Social Welfare.
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2. Methodology

In this current article, we aim to utilize important and widely-used machine learning
algorithms to predict the unemployment rate and Gross Domestic Product (GDP)
of Iran. The approach involves implementing each of the machine learning
algorithms in Python programming language. Next, the dataset is split into training
and testing subsets. The training dataset is used to create a machine learning model,
which is then evaluated using the testing dataset. The model predicts the output,
and various evaluation metrics are used to measure the accuracy of the model's
predictions compared to the actual values. In this article, we have employed widely-
used and popular machine learning algorithms that have high accuracy in
prediction. The algorithms used are as follows: Random Forest, GBR, XGBoost,
Decision Tree, KNN and HGBRT.

4. Results and Discussion
After applying the machine learning models to the seasonal dataset between the
years 1385 to 1401, the results of the predictions are obtained as shown in the

following tables (see: Table 1).

Note: Lower values of MAE, MSE, and RMSE indicate better performance of the
algorithm in predicting GDP (see: Table 2 & 3).

5. Conclusions

This article utilizes the capabilities of artificial intelligence, particularly machine
learning algorithms, to predict important economic indicators such as the
unemployment rate, GDP, and their impact on each other. The results of the
predictions in this study demonstrate that machine learning algorithms can
accurately predict these two economic indicators, with the XGBR algorithm
achieving the best results, predicting the GDP and unemployment rate with 99.29%
and 98.3% accuracy, respectively. Furthermore, this article attempts to predict the
GDP growth rate based on the unemployment rate, which machine learning

algorithms still perform with high accuracy, with the XGBR algorithm achieving
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the best results with 96.69% accuracy. The high efficiency of artificial intelligence

techniques in this study suggests that many economic indicators can be predicted
using these techniques, and their utilization by policymakers and economic officials

is necessary for future planning and forecasting.
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Fig. 1: Seasonal unemployment rate from 1385 to 1401 (in percentage).
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Fig. 1: Seasonal gross domestic product GDP from 1385 to 1401.
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Fig. 3: Rate of seasonal GDP growth from 1385 to 1401 (in percentage).

&5 5 3 LAbL Wy ool I Size a5 LT S50 (530 ggemme bl codleiy 39

SbolsS” 5l 650500 b g Python awgiasliy ob; 5l eolaiwl b puile (6550L (slapts o3l ccnl (680



ol 2 ol s i td D Ll’,, K o 53l b H

o) 899)9 Glpeds Lad slaodly 5 o (gjlwesly (VFY Scikit-learn.com <¢ulw) Scikit-Learn
Slyt b slmosls S 51TVD sl (653l sl s 53l (sl tigh o 48,5 L5y a5
e Aot pg S dlie (el iz s 48,5 5555 o sloosls sy o 770 5 (6,50k
wdyS iy sl Gagtn 2 b eeNl S Cudge plie WlE e 3 a S LB lagasls
(VY o)) casolo calo) il pj grda bpadls pl ol ous
i 3 By i o Salis (1 Sike lgy3 (pa3ls xl (TMAE) Bllae gllad (5iSike @

D9 e dpslono ) Aaly (olsly 5 Col (Bj50] sladigal plas g9y 005

Nsamples—1

— Y -l
Vi — Vil
Nsamples ' '

i=0

MAE(y,y) =

A

ol Iniges S5 Mgamples 9 035 (g sl Vi «lg jlade Yy ol o &S

095)) danly paxite lyuss o yd A a5 Gl opl Baims Ll asls oyl T anduid Co o @

o (pl e ju8ax j2 D9 0 03 b el (V Joa 2 OB Y sl Shig) Jame (sl yiie bawg (413l

o) ol WIS dly it ot 5 3b) G s (sl peiie 45 Canl () Bz oL 3l Y
il 5 Ojgod pasld

n

i — }’i)z

R2(yy)=1-2EL
> i = )2

Adlge (ly polie Sike Y 5 005 it ke Vi el ko Y ol 3 &S

9 3850 ot ol @Bl Sap jhe a4 ] e j84s pa g 39y 0 4 Cunl 0dd sy e

! Mean Absolute Error
2 R-squared correlation
% Root Mean Squared Error



[ Errpe-mm |

Nsamples—1

A 1 A
RMSE(y,y) = E i = ¥1)?
Nsamples pr

A

N 01)'#: d)jo}‘bl Lﬁ‘ﬁ ot sl sl 5! u_ia (MAPE) 1218 ‘gua..o o 50 wialgo °

Do oo ey Oygods &S Sl 0ulS o i Jde S
Nsamples—1
lyi — vil
Msamples max(e, |y;|)

i=0

MAPE(y, ) =
S ol ke S5 € g ndiges S Mgamples 005 st 1o Vi odly Jlade Yy o] )5 &8
Ysare pasls ol ailon cal jao b ply Vi 85 (oK o oonss sl 51 535l (sl SasS
Al jloS e cpl jdn b &S xS (0 )3 0dlatelyyge (Sgee)S) Blue 13 )y &b S plyea

ol 0058 i Jde YL B Baias L

90 pLl

TNsamples—1 A
100 lyi — wil
Nsamples e max(e, |y;|)

Accuracy = 100 —

S b 1y onisS o i iisee gba Jae et g oS Cunl cpl (el cpl &1 5 Can #8lg 50

2 Oey S oo Gl @Blyyd g cul Ve B e e3de (a3 li (pl ¢(398 Alaly Ballae 15 05 dnlie
e o Gl |y oy

5 oslizl L VE+Y B AYAD (elo Jlu 83 55 L LAl s e it 5l Lol mls O IS

B o UL..J ]) u,w;Lo L;,,S:li (_glmw.’:.i)ﬂl

!, Accuracy



ol 2 ol s i td D Ll’,, K o 53l b H

NEeY U ITAC Jlo 5l had Jo15 LAIBU adgs ol jme (s pb 1€ JSoid

Fig. 4: Prediction of the seasonal GDP from 1385 to 1401.
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Tab. 1: Performance of machine learning algorithms in predicting the GDP.

Random Forest = KNN GBR XGBR ARIMA DT HGBRT
MAE 25228 36471 13133 12479 5277.5 16419 40723
RMSE 32231 45165 27163 29455 10944 38610 50812
(R*2) 0.9466 0.8952 0.9621 0.9554 0.97 0.9234  0.8673
Score
Accuracy  98.56 97.88 99.26  99.29 92.9 99.06 97.64
MAPE 0.0144 0.021 0.0073 0.0072  1.90 0.0092  0.0233
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Fig. 5: Prediction of the seasonal unemployment rate from 1385 to 1401.
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Tab. 2: Performance of machine learning algorithms in predicting the unemployment rate.

Random Forest | KNN GBR XGBR DT HGBRT
MAE 0.43 0.7121 0.1538 0.1993 0.1824 0.8145
RMSE 0.6494 1.004 0.3889 0.4878 0.4533 1.0529
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(R"2) 0.7806 0.4758 0.9213 0.8763 0.8931 0.4234
Score
Accuracy 96.27 93.72 98.63 98.3 98.35 92.47
MAPE 0.0384 0.0646 0.0142 0.018 0.0178 0.0715
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Fig. 6: Prediction of the impact of the unemployment rate on GDP from 1385 to 1401

(seasonally).
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Tab. 3: Performance of machine learning algorithms in predicting the impact of the

unemployment rate on GDP growth rate.

Random Forest KNN GBR XGBR DT HGBRT

Accuracy 96.08 96.48 96.04 96.69  96.33 96.27
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