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Preface

The global transformations that are reshaping the structural economic connections in the
world markets are the core of the economic and social transition we have been living
through over the last two decades. The inevitable changes, which are the result of the
process in progress, have their consequences for all aspects of the human life, not only
those strongly related to the economic developments, such as production and
consumption, but also those connected to the socio-demographic equilibria. All scientific
fields are being called upon to develop new statistical-economic methodologies and new
interpretative approaches to better understand current and future scenarios underlying
these phenomena. In this perspective, the effects of climate change and the implications
of the ongoing transitions represent an essential part of the picture.

The volume collects a selection of short papers that were presented at the 4th
International Conference on Economic Statistics (ICES), held at the University of Bari
Aldo Moro (Italy) on 5 - 6 February 2026.

Papers provide a wide overview of the most innovative analytical approaches, both
methodological and applied, to better understand current and future scenarios underlying
the socio-economic phenomena and their transition in a changing world, with a particular
focus on the themes of sustainability and innovation.

The conference has explored the challenging opportunities of the ongoing transitions and
the papers included in this volume reflect the multiplicity and diversity of the conference
program that covered many topics such as labour market, time-dependent economic-
financial data, sustainable growth and dynamics, regional competitiveness, digitalisation
and technology in the framework of statistical models, input-output economic models,
new indicators and data collection, time series and spatial analysis, environmental
accounting, machine learning and artificial intelligence.

ICES is an annual event created to foster the scientific debate within the Italian
community of the economic statisticians. This 4th ICES edition held in Bari opened up
the scientific debate not only at the academic international level but also among
institutional entities. In fact, it saw the participation of scholars from universities abroad
and representatives of leading Italian research institutions.

Bari (Italy) Vittorio Nicolardi
February 2026 Caterina Marini
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Predicting Firms Market Value in Italy: The
Role of Environmental Scores

Luca Patelli, Daniele Tintore, Peter Cincinelli, Daniele Toninelli and Giovanna
Zanotti

Abstract This study investigates the ability of two tree-based Machine Learning
models (Random Forest and XGBoost) to predict the market value of Italian listed
firms. The study employs a dataset comprising 71 non-financial companies observed
between 2019 and 2023. The adopted models are benchmarked against linear regres-
sion in terms of predictive performance; they are interpreted using SHAP values and
Rank Graduation Explainability. The results show that the predictions are primarily
driven by financial metrics, with environmental scores playing a marginal role.

Key words: Corporate market value, ESG, prediction, explainability

1 Introduction

The relationship between ESG performance and corporate metrics, such as Cor-
porate Financial Performance (CFP) or Market Value (MV), has attracted growing
managerial and academic interest. However, empirical evidence remains mixed due
to differences in adopted methodologies, variables, and analyzed contexts [6]. Re-
cent research increasingly relies on Machine Learning (ML) methods to improve
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prediction accuracy [5, 7]. However, increased accuracy often comes at the expense
of interpretability, as complex and nonlinear structures may obscure the contribution
of individual predictors.

This study addresses the following research questions: Do ML models predict
the market value of Italian listed firms better than a linear regression approach?
What role does environmental performance play in these predictions? In order to
answer these questions, we compare a linear regression benchmark with Random
Forest (RF) and XGBoost. Moreover, with the purpose of combining predictive per-
formance with transparent valuation insights, we evaluate results using Shapley Ad-
ditive exPlanations (SHAP) and Rank Graduation Explainability (RGE).

2 Data and methods

Our analysis considers Italian listed companies observed annually over the period
from 2019 to 2023. Data were extracted from AIDA, ORBIS, Refinitiv (LSEG), and
Factset. Starting from 144 listed Italian companies, we excluded financial institu-
tions, and firms with missing Environmental Pillar scores, obtaining a final sample
of 71 firms (355 firm-year observations). We focus on a single-country setting to
increase homogeneity and reduce possible confounding effects.

The dependent variable is a proxy for market valuation: Tobin’s Q. This indi-
cator measures the ratio of market capitalization on total assets. The list of predic-
tors includes a mix of traditional financial ratios and an environmental indicator:
Leverage (LEV): Total debt divided by total assets; Return on Assets (ROA_pc): the
percentage of net income on total assets; Asset Efficiency (Rev_TASS_pc): the per-
centage of total revenue on total assets; Current Ratio (Current_Rat io): Current
assets divided by current liabilities; Interest Coverage (OF_EBITDA_pc): Interest
expenses as a percentage of EBITDA; Environmental Pillar Score (ENV_S): ESG-
based score of environmental performance from Refinitiv.

To capture potential nonlinearities and interactions among studied variables, we
adopted RF [3] and XGBoost [4]. These models’ predictive performances are com-
pared with OLS results. Specifically, by means of a Hausman test we assessed the
necessity of fixed effects. As the test indicated no significant bias from unobserved
heterogeneity, we applied the ML models to the full panel without imposing a fixed-
effects structure.

Model interpretation relies on native Variable Importance (VI) measures. For RF,
the percentage increase in Mean Squared Error (%IncMSE) was selected. This met-
ric quantifies the importance of a predictor as the increase in out-of-bag MSE when
the predictor’s values are randomly permuted. Conversely, for XGBoost, VI was
evaluated using Gain, which reflects the marginal contribution of each predictor in
reducing the loss function across all splits. To enhance the interpretability of the
ML methods used, the analysis also included SHAP values [8] and the RGE [2].
SHAP values, grounded in cooperative game theory, provide a measure that quan-
tifies the marginal contribution of each predictor across multiple possible coalitions
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(i.e., combinations of predictors). Complementary, the RGE framework employs
rank-based metrics derived from the Lorenz curve to evaluate the concordance be-
tween predicted and observed rankings. Specifically, RGE takes into account the
differences in ranks obtained from the full model and from the model without the
Jj-th predictor. This offers a robust assessment of model explainability and fairness.

3 Preliminary Results

The results are obtained using a leave-one-year-out cross-validation (5 folds, one
year held out per fold). The predictive performance of RF and XGBoost, when com-
pared to OLS, is encouraging. Specifically, the Root Mean Square Error (RMSE) of
RF is 0.46, the Mean Absolute Error (MAE) is 0.32, and the R-Squared (R?) is 0.51.
XGBoost’s performance is marginally lower (RMSE=0.48, MAE=0.33, R?=0.46).
In both cases, the metrics are better than those obtained using the OLS estimation:
RMSE=0.57, MAE=0.42 and R?=0.26.

Random Forest Variable Importance XGBoost Variable Importance
Bar length: Relative Importance | Labels: Original Mean IncMSE Bar length: Relative Gain | Labels: Original Mean Gain

LEV 0.1657 ROA_pc 0.306

ROA_pc 0.1548 Rev_TASS_pc 0.1888

Rev_TASS_pc 0.0961 LEV 0.1852

Variables

Variables

0.0756 Current_Ratio 0.1345

Current_Ratio

OF_EBITDA_pc 0.0582 ENV_S 0.121

ENV_S 0.0424 OF _EBITDA pc 0.0644

| I
°
| l

09

°

09

°

03

3 06 06
%IncMSE / Max(%IncMSE) Mean Gain / Max(Mean Gain)

Fig. 1: Variable importance (5-fold CV).

About the VI, Fig. 1 shows that ROA_pc, LEV and Rev_TASS_pc are the most
relevant predictors for both models, whereas ENV_S is the least influential in the
RF model and it retains a low-to-moderate relevance in XGBoost. Table 1 confirms
this: ROA_pc attains the largest average absolute SHAP (RF 0.147; XGBoost 0.168)
and RGE (RF 0.028; XGBoost 0.041) values, while ENV_S shows smaller contri-
butions (SHAP: RF 0.055, XGBoost 0.076; RGE: RF 0.012, XGBoost 0.023). For
OLS, ROA_pc and LEV have also been identified as the primary predictors. How-
ever, the ranges of both SHAP values and RGE are larger in OLS than in RF and
XGBoost. In particular, RGE values span 0.001-0.106 in OLS, 0.010-0.029 in RF
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and 0.008-0.041 in XGBoost, meaning that no single predictor dominates and pre-
dictors typically shift predicted ranks only modestly.

Overall, model explanation is largely driven by profitability and leverage, while
environmental sustainability score contributes consistently, but does not act as a pri-
mary driver. Notably, OLS’s SHAP and RGE for ENV_S are numerically closer to
RF than to XGBoost, indicating that the linear and RF approaches attribute similar
importance to the environmental dimension. This encourages the use of ML for in-
formed predictive purposes, as these methods return a better predictive performance.

Future research is needed, for example focusing on the disaggregation of ENV_S
into specific environmental dimensions (i.e., environmental investments, emissions
and resource use), examining cross-sector heterogeneity, and extending the analysis
to a broader international context (e.g., focusing on European companies).

Table 1: 5-Fold CV Averaged Absolute SHAP values and RGE

Variabl OLS Random Forest XGBoost

ariable SHAP  RGE SHAP  RGE SHAP RGE
ROA _pc 0.181 0.106 0.147 0.029 0.168 0.041
LEV 0.120 0.049 0.114 0.025 0.115 0.036
Current_Ratio  0.023 0.002 0.070 0.014 0.083 0.027
OF_EBITDA _pc 0.004 0.001 0.064 0.010 0.041 0.008
Rev_.TASS_pc  0.038 0.005 0.064 0.016 0.085 0.029
ENV_S 0.050 0.010 0.055 0.012 0.076 0.024
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