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Abstract:

This study aimed to design and evaluate a hybrid Persian natural language processing and machine learning model for
extracting economic news sentiment and predicting steel price fluctuations in the Iran Mercantile Exchange. This applied-
developmental study employed a descriptive-analytical design based on secondary textual and time-series data. The dataset
included 45,836 economic, industrial, and financial news articles published between January 2019 and January 2026 and
1,486 synchronized daily observations of steel billet and sheet transactions. A fine-tuned ParsBERT model classified news as
positive, negative, or neutral, and a daily sentiment index was calculated using source credibility, publication timing, and
news intensity. Numerical variables included closing prices, trading volume, supply, demand, the informal exchange rate, the
global iron ore price, and technical indicators. Random Forest, LSTM, XGBoost, ParsBERT-LSTM, and ParsBERT-XGBoost were
compared using walk-forward validation. ParsBERT achieved a sentiment-classification accuracy of 89.4% and an F1 score of
0.887. Granger causality analysis showed that the two-business-day lag of news sentiment significantly predicted price
returns, with F = 8.75 and p = 0.003. ParsBERT-XGBoost produced the best performance, with an RMSE of 710 and an MAE of
520 Iranian rials per kilogram. Compared with numerical XGBoost, the hybrid model reduced RMSE by 27.6%. It also achieved
a directional accuracy of 72.6%, a win rate of 67.4%, a Sharpe ratio of 1.76, and a maximum drawdown of 9.2%. The informal
exchange rate, news sentiment index, and global iron ore price were the most influential predictors. Integrating Persian news
embeddings with fundamental, transactional, and technical variables through the ParsBERT-XGBoost architecture improved
forecasting accuracy and risk-adjusted performance and may provide an effective decision-support and early-warning tool
for the Iran Mercantile Exchange.
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Extended Abstract

Introduction

Financial and commodity markets are complex information-processing systems in which price movements emerge from
the interaction of macroeconomic conditions, market fundamentals, technical patterns, institutional arrangements, and
investors’ expectations. Although conventional forecasting models primarily rely on numerical variables such as historical
prices, trading volume, supply, demand, exchange rates, and technical indicators, a substantial portion of market-relevant
information is first expressed through unstructured textual sources. Economic news, policy announcements, industrial
reports, and media narratives may shape expectations before their effects are fully reflected in observed transaction prices.
Consequently, news sentiment has increasingly been regarded as a potentially forward-looking signal for identifying changes
in market direction, uncertainty, liquidity, and volatility. Evidence indicates that financial news sentiment and investor
confidence are associated with stock price volatility, suggesting that textual information may provide predictive value beyond
conventional market indicators (Nuriksan & Nikmah, 2025).

News does not merely transmit objective facts. The selection of issues, framing of events, intensity of language, and
positive or negative tone of reporting can influence how market participants interpret economic developments. Comparative
evidence has shown that media coverage differs across countries in terms of frames, sentiments, and trends, demonstrating
that the emotional and interpretive structure of news is not uniform (lttefag et al., 2025). In financial markets, such
differences may alter perceptions of opportunity and risk, particularly when investors face incomplete information or high
uncertainty. Investor sentiment has been associated with liquidity and liquidity volatility in the Tehran Stock Exchange
(Aghababaei & Aliyan, 2022), while the joint effects of sentiment and liquidity have also been linked to stock returns in the
Iranian market (Eyshi Ravandiet al., 2024). Sentiment may additionally influence how investors respond to corporate earnings
announcements, indicating that identical financial information can generate different reactions depending on the prevailing
psychological state of the market (Hajian Nejad et al., 2022).

The influence of news sentiment extends beyond returns. News tone can affect the liquidity premium through its impact
on investor sentiment and perceived trading risk (Liu, 2023). Negative sentiment may also provide information about financial
distress and deteriorating investor confidence (Dunham & Garcia, 2021). However, the relationship between news and
financial outcomes is not necessarily linear, symmetric, or instantaneous. Online investors may react differently to favorable
and unfavorable return news, with negative information often producing stronger responses (Nasseri et al., 2016). The
association among news sentiment, implied volatility, and stock returns may also change over time and across market regimes
(Smales, 2016). Similarly, news sentiment has been related to volatility aversion in derivatives markets, emphasizing its
relevance to risk assessment rather than price direction alone (Uhl, 2018).

Advances in natural language processing have made it possible to transform large collections of unstructured news into
structured numerical features. Early sentiment-analysis approaches relied heavily on dictionaries and counts of positive and
negative words. Such methods are limited because the meaning of financial language depends on context. For example, an
“increase” in export demand may be bullish, whereas an “increase” in production costs may be bearish. Deep-learning
methods have improved the extraction of contextual information from news and enhanced the measurement of market
sentiment (Souma et al., 2019). Transformer-based language models have further strengthened this process by generating
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networks has demonstrated that combining semantic news information with temporal price patterns can improve stock-price
prediction (Gu et al., 2024).

Hybrid forecasting approaches generally assume that textual and numerical information are complementary. Integrating
financial-news sentiment scores with machine-learning regressors has produced better predictions than relying solely on
historical market variables (Magbool et al., 2023). News sentiment has also been used successfully to predict stock-market
direction (Jain et al., 2021), while explainable forecasting frameworks have shown that sentiment-based features can improve
both predictive performance and interpretation of model outputs (Gite et al.,, 2021). Related applications have been
developed for foreign-exchange trading through recurrent neural and reinforcement-learning architectures (Chantona,
2020). Nevertheless, the predictive role of sentiment varies across markets. Empirical comparison between cryptocurrency
and foreign-exchange markets has shown that markets differ in their responses to news and in the mechanisms through
which sentiment is incorporated into prices (Rognone et al., 2020).

Evidence from emerging markets suggests that news is not always incorporated into prices immediately. News-derived
sentiment has been associated with subsequent stock-market reactions in Vietnam, indicating delayed or incomplete
absorption of information (Vu, 2023). The relationship between earnings news and investor sentiment has also been found
to differ between high- and low-sentiment periods (Li et al., 2020). These findings highlight the need to identify an empirically
appropriate time lag between news publication and price adjustment. In Iran, economic-news sentiment has already
demonstrated value for nowcasting gross domestic product, suggesting that textual data can provide timely information
before official numerical statistics become available (Biranvand et al., 2024). However, the development of Persian-language
financial NLP models remains challenging because of orthographic variation, inconsistent use of half-spaces, limited
specialized corpora, and restricted access to advanced English-language technical resources (Faramarzi Babadi et al., 2024).

The Iran Mercantile Exchange represents a distinctive forecasting environment because commodity prices are affected
simultaneously by exchange-rate movements, world commodity prices, domestic supply and demand, export regulations,
production constraints, energy shortages, and pricing policies. Steel products are particularly sensitive to the informal
exchange rate, global iron-ore prices, industrial demand, and policy-related news. Technical indicators alone are backward-
looking and may fail to identify new shocks before they appear in price histories. Economic news, by contrast, may reveal
emerging changes in policy, production, exports, demand, and market expectations. Accordingly, this study aimed to design
and evaluate a hybrid Persian NLP and machine-learning model for analyzing economic-news sentiment and predicting price
fluctuations of steel products in the Iran Mercantile Exchange.

Methods and Materials

This applied-developmental study used a descriptive-analytical design based on synchronized textual and numerical time-
series data collected from January 2019 to January 2026. The textual corpus consisted of economic, commercial, industrial,
and commodity-market news retrieved from the Islamic Republic News Agency, Iranian Students’ News Agency, Fars News
Agency, and Bourse News. Automated web-scraping procedures developed with BeautifulSoup and Scrapy collected
headlines, complete article texts, publication dates and times, sources, URLs, and available view counts. News records were
selected using specialized keywords related to steel, billets, steel sheets, the mercantile exchange, metal exports, exchange

rates, iron ore, supply, and demand.
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After duplicate removal, relevance screening, and exclusion of incomplete or invalid records, 45,836 dated Persian news
articles remained. Text preprocessing included HTML removal, character normalization, punctuation cleaning, stop-word
management, half-space standardization, tokenization, stemming, and lemmatization. Hazm and supplementary domain-
specific preprocessing rules were used. A pretrained ParsBERT model was fine-tuned on a manually labeled subset of financial
and commodity-market news categorized as positive, neutral, or negative according to the likely direction of its effect on
steel prices.

For each news article, the model generated class probabilities and a continuous sentiment score ranging from -1 to +1.
Daily news sentiment was calculated by aggregating article-level scores and applying weights for source credibility, recency,
and audience attention. Additional textual features included positive-news volume, negative-news volume, sentiment
dispersion, news intensity, and semantic embeddings extracted from ParsBERT.

The numerical dataset included daily and weekly closing prices, trading volume, supply, demand, transaction value, and
demand-to-supply ratios for selected steel billets and sheets. Macroeconomic and international variables included the
informal exchange rate, the global price of 62% iron ore CFR China, and seasonal demand indicators. Technical features
included exponential moving averages, the relative strength index, moving-average convergence divergence, Bollinger Bands,
historical volatility, momentum, and lagged returns.

News published before trading was assigned to the corresponding trading day, whereas news released after market
closure was assigned to the next business day. Weekend and holiday news was transferred to the first subsequent trading
day using exponential decay weights. Logarithmic returns were calculated, and stationarity was examined using the
augmented Dickey—Fuller test. Granger causality tests were conducted for one- to four-business-day lags to determine the
optimal delay between sentiment and market returns.

Five forecasting models were compared: numerical Random Forest, numerical LSTM, numerical XGBoost, ParsBERT-LSTM,
and ParsBERT-XGBoost. The proposed hybrid model combined daily sentiment indicators and reduced-dimensional ParsBERT
semantic embeddings with technical, fundamental, and transactional features in an XGBoost architecture. Walk-forward
validation was implemented using rolling training and out-of-sample testing windows. Regression performance was evaluated
using RMSE and MAE, while directional classification was evaluated using accuracy, macro precision, macro recall, macro F1,
and ROC-AUC. Financial performance was assessed through win rate, Sharpe ratio, and maximum drawdown in a transaction-
cost-adjusted backtest.

Findings

The final textual corpus contained 45,836 articles, including 12,471 articles from IRNA, 11,598 from ISNA, 10,764 from Fars
News, and 11,003 from Bourse News. The mean number of relevant articles per calendar day was 17.7 with a standard
deviation of 8.9. Sentiment classification identified 15,291 positive articles, representing 33.4% of the corpus, 16,473 neutral
articles, representing 35.9%, and 14,072 negative articles, representing 30.7%. The mean continuous sentiment score was
0.04 with a standard deviation of 0.53. After synchronization with market data, 1,486 daily observations were available for
final modeling.

The fine-tuned ParsBERT model achieved an overall sentiment-classification accuracy of 89.4%, macro precision of 88.9%,
macro recall of 88.5%, and macro F1 of 0.887. Class-specific F1 scores were 0.898 for positive news, 0.891 for negative news,

and 0.872 for neutral news.
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The Granger causality test showed no statistically significant effect at a one-day lag, F = 3.42, p = 0.065. The strongest
relationship occurred at the two-business-day lag, F = 8.75, p = 0.003. The three-day lag was also significant, F = 5.12, p =
0.024, whereas the four-day lag was not significant, F = 2.18, p = 0.139. Therefore, the two-business-day lag was selected as
the optimal sentiment lag.

Among numerical models, XGBoost outperformed Random Forest and LSTM, with an RMSE of 980 Iranian rials per
kilogram, an MAE of 710, a win rate of 61.5%, a Sharpe ratio of 1.42, and a maximum drawdown of 13.1%. Adding textual
features improved both deep-learning and tree-based models. ParsBERT-LSTM achieved an RMSE of 870, an MAE of 640, a
win rate of 62.3%, a Sharpe ratio of 1.48, and a maximum drawdown of 12.5%.

ParsBERT-XGBoost produced the best overall results, with an RMSE of 710 Iranian rials per kilogram and an MAE of 520.
Relative to numerical XGBoost, the hybrid model reduced RMSE by 27.6% and MAE by 26.8%. Its win rate reached 67.4%, its
Sharpe ratio was 1.76, and its maximum drawdown declined to 9.2%. In directional prediction, ParsBERT-XGBoost achieved
an accuracy of 72.6%, macro precision of 0.721, macro recall of 0.708, macro F1 of 0.714, and ROC-AUC of 0.843.

Feature-importance analysis showed that the informal exchange rate was the most influential predictor, accounting for
28.0% of total importance. The two-day-lagged daily news sentiment index ranked second at 22.0%, followed by the global
price of 62% iron ore at 18.0%. The demand-to-supply ratio accounted for 9.5%, lagged returns and momentum for 7.8%, and
trading-volume features for 5.6%. Removing sentiment from the hybrid model increased RMSE from 710 to 894 and reduced
the Sharpe ratio from 1.76 to 1.49.

Discussion and Conclusion

The findings demonstrate that Persian economic news contains significant information for forecasting steel-price
movements in the Iran Mercantile Exchange. The high classification performance of fine-tuned ParsBERT indicates that a
contextual language model adapted to domain-specific Persian news can distinguish positive, negative, and neutral market
signals with acceptable reliability. Its slightly weaker performance for neutral articles reflects the inherent ambiguity of news
containing mixed or condition-dependent implications.

The significant two-business-day lag suggests that news is not incorporated into commodity prices immediately. This
delayed response is consistent with the discrete structure of mercantile-exchange transactions, the timing of product
offerings, and the period required for market participants to interpret policy, currency, production, and international-price
information. The weakening of the relationship after the third day further indicates that news value decays as information
becomes incorporated into observed prices and transaction variables.

The superior performance of ParsBERT-XGBoost confirms that textual and numerical information provide complementary
predictive signals. Historical prices and technical indicators capture previously observed market behavior, while news
sentiment reflects emerging expectations and events that may not yet be represented in transaction data. The large reduction
in RMSE and MAE indicates that the hybrid model was especially effective in responding to sudden market changes.

The financial backtest further showed that statistical improvement translated into greater practical value. The higher
Sharpe ratio, increased win rate, and lower maximum drawdown indicate that sentiment information improved not only
predictive precision but also risk-adjusted performance. The model appeared particularly useful for identifying adverse

market conditions before their complete reflection in commodity prices.
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XGBoost was more stable than LSTM in this context. The Iran Mercantile Exchange contains fewer observations,
discontinuous trading intervals, and heterogeneous interactions among exchange rates, international prices, supply, demand,
and news. These characteristics favor a regularized tree-based algorithm capable of learning nonlinear interactions from
medium-sized structured datasets. Nevertheless, the improvement of ParsBERT-LSTM over numerical LSTM confirms the
independent value of textual information.

The feature-importance results emphasize that the informal exchange rate remains the dominant predictor of domestic
steel prices. However, the news sentiment index ranked second and exceeded the importance of all individual technical
indicators. This result shows that unstructured news, when processed through an appropriate language model and
synchronized with trading data, can serve as a major quantitative market indicator.

In conclusion, the proposed ParsBERT-XGBoost architecture provided a reliable and interpretable framework for
integrating Persian economic-news sentiment with fundamental, technical, and transactional variables. The model reduced
forecasting error, improved directional accuracy, increased risk-adjusted returns, and reduced maximum drawdown. These
findings support the use of news-sentiment monitoring as an early-warning and decision-support tool for analysts,

commodity producers, brokerage firms, and risk managers operating in the Iran Mercantile Exchange.
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