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Abstract

Background and Objective: This study investigates the transformative
impact of the Artificial Intelligence (Al) paradigm on the Iranian labor market
from 2012 to 2024, focusing on the service, industrial, and agricultural sectors.
A primary objective is to perform an appraisal the technological substitution
effect on low-skilled workers, identified as a highly vulnerable group facing
automation.

Methodology: A composite Al index was developed using Principal
Component Analysis (PCA) based on 11 key indicators from authoritative
international databases. To capture non-linear patterns, the CatBoost
Regressor was implemented (R%=0.96), with SHAP (SHapley Additive
exPlanations) values integrated to identify primary drivers of Al's influence.
Additionally, a Panel Vector Error Correction Model (Panel VECM) was
utilized to examine dynamic interactions and long-term equilibrium between
Al progression and employment stability.

Findings: The results reveal a heterogeneous impact: Al serves as a
complementary tool in agriculture and a structural catalyst in the industrial
sector, while remaining statistically insignificant within the service sector.
Notably, the negligible impact on low-skilled employment reinforces the
hypothesis of a profound skill gap and digital divide in the Iranian labor
market.

Conclusion: The findings underscore the necessity of strategic policy shifts to
address the existing skill gap and digital divide. The study advocates for
sector-specific strategies -optimizing Al's complementary role in agriculture
and its structural impact in industry-alongside urgent workforce reskilling
initiatives to ensure that the transition to an Al-driven economy is inclusive
and fosters sustainable employment development.
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Extended Abstract

Background and Objective:The rapid proliferation of Artificial Intelligence (Al) has triggered a

global paradigm shift in the nature of production and theorganization of labor. While academic
discourse on automation often focuses on the "substitution effect"-wherein machines replace
human effort -the "complementarity effect” suggests that Al can augment human productivity and
create new professional demands. In the context of Iran, the labor market exists at a pivotal
intersection of traditional economic structures and an accelerating digital transformation. This
study aims to investigate the transformative impact of the Al paradigm on the Iranian labor market
from 2012 to 2024, specifically analyzing how this technological surge affects employment levels
across three primary sectors: services, industry, and agriculture. A core objective of this research
is to examine the vulnerability of low-skilled workers. By analyzing the interaction between Al
adoption and employment stability, this study seeks to determine whether Al acts as a catalyst for
growth or as a disruptor that exacerbates existing socioeconomic inequalities.

Methodology:To ensure empirical robustness, this research adopts a hybrid methodological

framework synthesizing dimensionality reduction, machine learning, and sophisticated
econometric modeling. Due to the lack of a standardized "Al Index" specific to the Iranian context,
a composite index was developed via Principal Component Analysis (PCA). This composite
metric aggregates 11 key indicators derived from authoritative international repositories, such as
the World Bank, thereby capturing the multi-faceted dimensions of Al integration, including
digital infrastructure, R&D expenditures, and technological penetration.

To interrogate the complex, non-linear associations between the Al index and employment levels,
the study implemented the CatBoost Regressor. Distinguishing itself from traditional linear
frameworks, CatBoost demonstrates superior efficacy in processing categorical data and capturing
non-linear dependencies-a critical capability given the stochastic nature of labor market dynamics.
The model exhibited exceptional predictive performance, yielding an R2of 0.96, which confirms
a high degree of explanatory power. To address the inherent "black box" opacity of machine
learning algorithms, SHAP (SHapley Additive exPlanations) values were integrated to elucidate
the marginal contribution of individual index components, effectively isolating the primary
determinants of Al's impact. Furthermore, a Panel Vector Error Correction Model (Panel VECM)
was utilized to examine long-term causalities and dynamic interdependencies, providing a
rigorous basis for distinguishing between transient short-term fluctuations and the long-term
equilibrium between Al evolution and employment stability.

Findings :The empirical results demonstrate a divergent impact across the three sectors. Within

the agricultural sector, Al operated predominantly as a complementary asset, augmenting
productivity and optimizing resource allocation without precipitating significant labor
displacement. In the industrial sector, Al served as a structural catalyst, propelling the transition
toward "Industry 4.0" and recalibrating labor demand in favor of high-technical competencies.
Conversely, Al's influence remained statistically insignificant within the service sector, pointing
toward either an adoption lag or an inherent resilience in human-centric service paradigms. Of
particular significance is the finding regarding low-skilled labor. While theoretical frameworks
often predict mass automation, the empirical evidence reveals a negligible direct. impact on low-
skilled employment. Crucially, this result should not be interpreted as an indicator of immunity to
automation, but rather as evidence of a profound "skill gap" and an entrenched "digital divide."
This lack of statistical impact suggests a significant disconnect between the current low-skilled
workforce and the technological threshold of Al; rather than facing direct substitution, these
workers are experiencing a form of systemic marginalization, driven by inadequate access to
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digital infrastructure and a deficiency in the competencies essential for transitioning into
technology-mediated roles.

Conclusion:In conclusion, while the Al paradigm possesses significant capacity for structural

transformation, its current trajectory within the Iranian economy threatens to reinforce systemic
socioeconomic disparities. These findings underscore a strategic imperative for targeted policy
interventions designed to remediate the digital divide and attenuate the systemic vulnerabilities
associated with the identified skill gap. Consequently, this study proposes a differentiated, sector-
specific approach: prioritizing the complementary integration of Al in agriculture and capitalizing
on its structural influence in industry to catalyze productivity. Of paramount importance is the
implementation of a national, multifaceted workforce reskilling framework. By pivoting from a
laissez-faire approach to technological adoption toward a proactive, policy-driven mandate-rooted
in lifelong learning and digital fluency-lran can facilitate a transition to an Al-augmented
economy that is inclusive, sustainable, and robustly aligned with long-term employment stability.

Keywords: Iran’s Al Index, Sectoral Employment, Low-skilled Labor, Panel VECM
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1 import pandas as pd

2 from sklearn.metrics import mean_squared_error, mean_absolute_error, r2_score
3 from catboost import CatBoostRegressor

4

5 df = pd.read excel("AI Index Iran CatBoost.xlsx")

6

7 X_train = df[(df["year"] >= 2000) & (df["year"] <= 2019)].drop(columns=["year", "AI_Index"])
8 y_train = df[(df["year"] >= 2000) & (df["year"] <= 2019)]["AI_Index"]

9

10 X_test = df[(df["year"] »= 2020) & (df["year"] <= 2024)].drop(columns=["year", "AI_Index"])
11 y_test = df[(df["year"] »= 2020) & (df["year"] <= 2024)]["AI_Index"]

12

13 model = CatBoostRegressor(

14 iterations=1000,

15 learning_rate=0.03,

16 depth=6,

17 12 leaf reg=3,

18 loss_function="RMSE",

19 eval_metric="RMSE",

20 random_seed=42,

21 early_stopping_rounds=5@,

22 verbose=0

23 )

24

25 model .fit(X_train, y train, eval set=(X test, y test), use best model=True)
26

27 y_pred = model.predict(X_test)

28

29 rmse = meat—squared—error(y_test, y_pred, squared=False)

30 mae = mean_absolute_error(y_test, y_pred)

31 r2 = r2 score(y_test, y pred)

32

33 print("RMSE:", round(rmse, 3))

34 print("MAE:", round(mae, 3))

35 print("R2:", round(r2, 3))

w
[



