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Abstract: The yield curve is one of the most important indicators in debt market analysis,
economic expectations assessment, and monetary policy formulation. With the expansion of
Islamic Treasury Bill issuance in Iran, forecasting the term structure of returns on these
securities has become increasingly important. However, most existing studies have focused
on the application of individual models and have not provided a comprehensive framework
for integrating different forecasting approaches. The present study aims to identify and
synthesize the theoretical and empirical approaches related to yield curve forecasting and to
develop a comprehensive conceptual framework for analyzing Islamic Treasury Bills in the
Iranian economy. The research employed a meta-synthesis methodology based on a systematic
review of 37 domestic and international studies. The concepts extracted from these studies
were classified according to conceptual similarities and organized into analytical categories.
The findings indicated that the yield curve forecasting literature can be categorized into several
major domains, including structural parametric models, macro-financial models, dynamic
time-series models, machine learning and hybrid models, evaluation criteria, and influential
macroeconomic factors. The results suggest that parametric models such as the Nelson—Siegel
model provide an appropriate framework for explaining the structure of the yield curve;
however, under conditions of economic instability, they do not offer sufficient forecasting
accuracy when used independently. In contrast, machine learning models and hybrid
approaches demonstrate greater capability in identifying nonlinear relationships and
improving forecasting performance. Accordingly, integrating structural models with
macroeconomic variables and data-driven methods can provide an efficient framework for
forecasting the yield curve of Islamic Treasury Bills in the Iranian economy.

Keywords: Yield Curve, Islamic Treasury Bills, Return Rate Forecasting, Meta-Synthesis,
Iranian Economy.

1. Introduction

The yield curve is one of the most important analytical tools in modern financial

economics and plays a central role in understanding the dynamics of interest rates,

debt markets, monetary policy transmission, and macroeconomic expectations. By illustrating the relationship

between the yields of fixed-income securities and their maturities, the yield curve provides valuable information

about investors’ expectations regarding future economic conditions, inflation, and interest rate movements. As a

result, policymakers, financial institutions, investors, and researchers have long relied on the yield curve as a key
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indicator for assessing economic prospects and evaluating financial market conditions [1, 2]. The significance of the
yield curve extends beyond the bond market because its structure reflects the collective expectations of market
participants regarding future economic developments and serves as a bridge between financial markets and the
real economy [3, 4].

Theoretical explanations of the yield curve have evolved considerably over time. Traditional theories, including
the expectations hypothesis, liquidity preference theory, and market segmentation theory, have attempted to
explain why interest rates vary across maturities and how the shape of the yield curve emerges. More recent
developments have emphasized the role of central bank interventions, macroeconomic fundamentals, and financial
market frictions in determining the term structure of interest rates. In particular, the implementation of yield curve
control policies by several central banks has renewed interest in understanding the mechanisms through which
monetary authorities influence the shape and dynamics of the yield curve. These developments have highlighted
the importance of studying both the theoretical foundations and practical implications of yield curve behavior in
contemporary financial systems [2, 5].

The economic importance of the yield curve is closely associated with its forecasting capabilities. Numerous
studies have demonstrated that the slope, curvature, and level of the yield curve contain valuable information
regarding future economic activity, inflation, and recessionary periods. In many economies, yield curve inversions
have historically preceded economic downturns and financial crises, making the yield curve one of the most widely
used leading indicators of economic performance. Recent evidence suggests that the predictive power of the yield
curve remains significant even in the presence of changing monetary policy frameworks and evolving financial
market structures [2, 4, 6]. Consequently, understanding and forecasting the yield curve has become a major
research area within financial economics and quantitative finance.

The forecasting of yield curves presents substantial methodological challenges due to the complex and dynamic
nature of interest rate movements. Yield curves are influenced by a wide range of factors, including macroeconomic
conditions, monetary policy decisions, inflation expectations, market liquidity, investor behavior, and financial
uncertainty. These influences often interact in nonlinear and time-varying ways, making accurate forecasting
difficult. As a result, researchers have developed a variety of modeling approaches ranging from traditional
parametric methods and econometric models to advanced machine learning techniques and hybrid frameworks [7-
9].

Among the most influential approaches to yield curve modeling are parametric term structure models. The
Nelson-Siegel model and its extensions have become standard tools for representing the shape of the yield curve
through a small number of interpretable factors corresponding to level, slope, and curvature. The Svensson model
further extends this framework by introducing additional flexibility to capture complex yield curve shapes. These
models have been widely adopted by central banks, financial institutions, and researchers because of their
simplicity, interpretability, and empirical effectiveness. Recent studies continue to confirm the usefulness of these
models for fitting and analyzing yield curves across different markets and economic environments [7, 10, 11].
Nevertheless, concerns remain regarding their ability to capture rapidly changing market conditions and nonlinear
dynamics, particularly during periods of economic uncertainty.

In parallel with the development of parametric models, equilibrium interest rate models have provided another
important framework for understanding the behavior of the yield curve. Models such as Vasicek and Cox-
Ingersoll-Ross focus on the stochastic evolution of short-term interest rates and explain the term structure through

mean-reverting processes. These models have contributed significantly to the theoretical understanding of interest
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rate dynamics and have been widely applied in bond pricing, risk management, and yield curve estimation. Their
relevance remains particularly important in studies examining the long-run determinants of interest rate behavior
and equilibrium market conditions [12].

The growing availability of financial data and computational resources has encouraged the use of dynamic
econometric and time-series models for yield curve forecasting. Vector autoregressive models, autoregressive
integrated moving average models, dynamic Nelson-Siegel frameworks, and time-varying parameter models have
demonstrated considerable potential in capturing the temporal evolution of yield curves. These approaches enable
researchers to model dynamic relationships among yield factors and incorporate changing market conditions into
forecasting procedures. Recent studies have shown that models with time-varying parameters often outperform
static specifications because they can adapt to structural changes and evolving economic environments [7, 8, 13,
14]. Similarly, advanced forecasting frameworks based on functional principal component analysis and vector
autoregression have expanded the methodological toolkit available for analyzing high-dimensional yield curve
data [15].

Another major trend in contemporary yield curve research is the increasing application of machine learning
techniques. Machine learning algorithms provide powerful tools for extracting nonlinear patterns and complex
relationships from large datasets. Studies have demonstrated that machine learning methods frequently
outperform traditional econometric models, particularly in environments characterized by nonlinear dynamics,
structural breaks, and high-dimensional information sets. Applications of recurrent neural networks, long short-
term memory architectures, ensemble learning methods, and robust machine learning algorithms have generated
promising results in yield curve forecasting and recession prediction [9, 16-18]. The growing popularity of these
methods reflects a broader transformation within financial analytics toward data-driven forecasting approaches.

Recent research has also emphasized the advantages of hybrid modeling frameworks that integrate traditional
financial theory with modern machine learning techniques. Such approaches seek to combine the interpretability
of economic models with the predictive power of advanced algorithms. Evidence suggests that hybrid models often
achieve superior forecasting performance by capturing both linear and nonlinear relationships within financial
data. For example, combinations of factor models and machine learning methods have been shown to improve
yield curve forecasts by leveraging complementary information from different modeling paradigms [19]. Likewise,
hybrid dynamic Nelson-Siegel and LSTM frameworks have demonstrated significant forecasting improvements in
Treasury markets by incorporating both economic structure and deep learning capabilities [17].

In addition to methodological developments, numerous studies have examined the economic determinants of
yield curve behavior. Macroeconomic variables such as inflation, economic growth, monetary policy, and output
gaps are widely recognized as key drivers of yield curve movements. Dynamic stochastic general equilibrium
models and New Keynesian frameworks have provided valuable insights into how macroeconomic fundamentals
influence the term structure of interest rates and the transmission of monetary policy effects across maturities [20,
21]. Furthermore, empirical evidence indicates that uncertainty regarding future interest rates can significantly alter
the shape and predictive content of the yield curve, underscoring the importance of incorporating uncertainty
measures into forecasting models [22].

The relationship between financial market structures and the yield curve has also attracted considerable
scholarly attention. Research has demonstrated that factors such as intermediary balance sheets, market liquidity,
credit conditions, and maturity-specific information can significantly influence yield curve dynamics. For instance,

the balance sheets of financial intermediaries affect both the level and slope of Treasury yield curves, while specific
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maturities, such as the five-year Treasury segment, may play a disproportionately important role in information
transmission across the curve [23, 24]. Moreover, recent quantile-based analyses have revealed substantial
nonlinear dependencies across different segments of the yield curve, highlighting the complexity of yield curve
interactions under varying market conditions [25].

Within the Iranian financial system, the development of Islamic Treasury Bills has substantially increased the
importance of yield curve analysis and forecasting. Islamic Treasury Bills have emerged as a critical instrument for
government financing and debt market development, contributing to the expansion of fixed-income markets and
enhancing fiscal policy implementation [26]. The issuance of these securities has important implications for fiscal
sustainability, monetary policy effectiveness, and financial market development in Iran [27]. Consequently,
understanding the behavior of their yield curve has become increasingly important for policymakers, investors,
and financial institutions.

Several domestic studies have examined different aspects of Islamic Treasury Bills in Iran. Research has
investigated factors influencing the acceptance of these securities among contractors and market participants,
determinants of demand in over-the-counter markets, and the risks associated with holding these instruments.
These studies have demonstrated that economic conditions, institutional characteristics, liquidity considerations,
and market risks play important roles in shaping the performance and acceptance of Islamic Treasury Bills [28-30].
In addition, empirical evidence indicates that the yields of Islamic Treasury Bills influence capital market returns
and contribute to the broader interconnectedness of Iran’s financial system [31].

Despite these developments, significant gaps remain in the literature on forecasting the yield curve of Islamic
Treasury Bills in Iran. Most domestic studies have focused primarily on estimating and fitting yield curves using
parametric models such as Nelson-Siegel and Svensson rather than systematically evaluating forecasting
performance across alternative methodologies [10, 11]. Moreover, while international research has increasingly
adopted machine learning algorithms, hybrid forecasting frameworks, and advanced dynamic models, the
application of these approaches to the Iranian debt market remains limited. Existing studies often examine isolated
aspects of yield curve modeling without providing a comprehensive framework that integrates theoretical
foundations, forecasting methodologies, macroeconomic influences, and evaluation criteria [9, 15, 19].

Furthermore, the international literature demonstrates a growing emphasis on incorporating time-varying
parameters, macroeconomic information, financial uncertainty measures, and machine learning techniques into
yield curve forecasting models [7, 8, 18]. At the same time, advances in yield curve reconstruction, dynamic
estimation methods, and nonlinear connectedness analysis have expanded the range of available forecasting tools
[14, 25, 32]. However, a systematic synthesis of these developments and their relevance to forecasting the yield
curve of Islamic Treasury Bills in Iran remains largely absent from the existing literature.

Given the growing significance of Islamic Treasury Bills in Iran’s financial system, the increasing methodological
sophistication of yield curve forecasting research, and the absence of an integrated conceptual framework that
synthesizes existing knowledge, a comprehensive review and meta-synthesis of previous studies is both timely and
necessary. Therefore, the aim of the present study is to synthesize and integrate the theoretical and empirical
literature on yield curve forecasting and to develop a comprehensive conceptual framework for forecasting the
yield curve of Islamic Treasury Bills in the Iranian economy based on the findings of domestic and international

studies.
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2. Methodology

In this study, a meta-synthesis method was used to present a conceptual framework for forecasting the yield
curve of Islamic Treasury Bills in the Iranian economy. Meta-synthesis is a qualitative and systematic approach that
integrates and interprets the findings of previous studies in order to identify patterns, similarities, differences, and
gaps in the literature and ultimately provide a more comprehensive and coherent understanding of the
phenomenon under investigation. In this method, rather than generating new data, the findings of existing studies
are analytically and interpretively integrated, thereby producing new knowledge at a level higher than that of
individual studies. The application of meta-synthesis in finance and economics, particularly in the field of yield
curve forecasting, makes it possible to systematically compare and evaluate the dispersed findings of domestic and
international studies on different models, including parametric models, structural models, and modern statistical
methods. Through this approach, the factors affecting forecasting accuracy, the conditions under which each model
can be applied, their strengths and limitations, and existing research gaps can be extracted. Such an approach
contributes to evidence-based policy and analytical decision-making and provides the foundation for designing
more localized and efficient models for Iran’s debt market. By providing a systematic framework for integrating
qualitative and empirical studies, meta-synthesis enables the discovery of key concepts, recurring patterns, and
fundamental relationships among variables and, through the reinterpretation of existing findings, advances current
knowledge and creates a comprehensive and integrated perspective on the structure and forecasting of the yield

curve of Islamic Treasury Bills.

3. Findings and Results

VZ

In general, two perspectives dominate meta-synthesis. The first approach, referred to as the “integrative”
approach, emphasizes collecting, compiling, and integrating previous studies in such a way that the commonalities
among the findings of prior studies are identified and integrated on the basis of highly reliable variables. This
approach also leads to conclusions regarding causal relationships among phenomena and the generalizability of
findings. The second perspective, referred to as “interpretive synthesis,” emphasizes the interpretation and
hermeneutic reading of previous studies. In this perspective, comparison and interpretation are important because,
through a form of induction, it predicts what may occur under similar conditions and how categories are related to
or interact with one another.

Noblit and Hare (1988) introduced three main phases for meta-synthesis, namely the selection of studies, the
synthesis of translations, and the presentation of the synthesis, while Sandelowski and Barroso (2007) introduced a
seven-step method. In this study, the seven-step method of Sandelowski and Barroso was used. The steps followed
in this research are as follows:

Stage One) In the present study, the fundamental question is: “How can the conceptual model for forecasting
the yield curve of Islamic Treasury Bills in the Iranian economy be explained based on the synthesis and analysis
of previous studies?” This question was posed with the aim of identifying the most important models, approaches,
and factors affecting yield curve forecasting, as well as extracting a coherent framework from the findings of
domestic and international studies.

Stage Two) Systematic review of the literature: At this stage, the research literature was systematically
reviewed. The study population included all scientific research articles, theses, and scientific reports published

between 2015 and 2026 in the fields of financial economics, the debt market, and yield curve modeling that
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examined or forecasted the yield curve of debt securities, particularly Islamic Treasury Bills. To identify relevant

s

studies, a set of related keywords was used, including “yield curve,” “yield curve forecasting,” “Islamic Treasury
Bills,” “term structure of profit rates,” “Nelson-Siegel model,” “Svensson model,” “interest rate models,” “Vasicek
model,” “Cox-Ingersoll-Ross model,” and “yield curve modeling.” Sources were searched in domestic and
international scientific databases and search engines, the most important of which included IranDoc, Noormags,
Magiran, Civilica, ScienceDirect, Google Scholar, Emerald, and ERIC. After the initial search and collection of
sources, relevant studies were screened based on inclusion and exclusion criteria, and the selected sources were
ultimately used for analysis and synthesis in the meta-synthesis process.
The inclusion and exclusion criteria for articles are presented in Table 1.

Table 1. Inclusion and Exclusion Criteria for Articles

Inclusion Criteria Exclusion Criteria

Research language: Persian and English Studies in other languages

Research period: studies published between 2015 and 2026 Studies published before 2015

Research method: empirical, quantitative, qualitative-analytical studies, and studies Studies unrelated to yield curve modeling or
addressing yield curve modeling or forecasting forecasting

Field of study: research related to the debt market, the term structure of profit rates, debt Studies outside the scope of the debt market
securities, and especially Islamic Treasury Bills and yield curve

Subject under investigation: studies related to models and methods for estimating or Studies addressing topics other than yield
forecasting the yield curve, such as the Nelson-Siegel model, Svensson model, interest curve modeling or analysis

rate models, and related statistical methods

Type of study: scientific articles published in reputable journals, university theses, and Personal opinions, non-scientific sources,
citable scientific reports unpublished articles, or sources lacking

scientific credibility

Stage Three) Search and selection of appropriate articles: At this stage, in order to identify and select studies
related to the research topic, the source-searching process was conducted systematically. First, using a rule-based
approach, the general trend of studies conducted on the yield curve and its forecasting in debt markets was
examined in order to determine the scientific scope and research orientation of studies in this field. In the first step,
Google Trends was used to examine changes in searches for keywords related to the topic, including “yield curve,”
“yield curve forecasting,” “Islamic Treasury Bills,” and “term structure of profit rates” in recent years, in order to
determine the level of attention paid by researchers and users to this field. In the next step, by referring to databases
and indexing systems of scientific journals, including the citation database of the Ministry of Science and other
reputable scientific databases, journals and articles related to the topic were identified and reviewed in order to
extract the main and credible sources in this field. Then, by searching keywords related to yield curve modeling
and forecasting in domestic and international scientific databases, a set of initial studies was collected.
Subsequently, the retrieved articles were screened based on the inclusion and exclusion criteria of the study, and
ultimately the studies most closely related to forecasting the yield curve of debt securities, especially Islamic

Treasury Bills, were selected for analysis and synthesis in the meta-synthesis process.
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Figure 1. Search Trend for the Keyword “Yield Curve Forecasting” from 2022 to 2026

Search interest

Accordingly, to benefit from reliable domestic and international sources, more than 140 articles were examined
based on topic and title through searches in information sources such as Scopus, Elsevier, Google Scholar, and other
databases. Of these, 38 documents were excluded after screening and separating the documents based on titles
focused on the topic, because their titles and subject areas were not related to the topic of the present study. The
abstracts of the remaining 102 scientific documents were then reviewed in order to more precisely identify studies
that could provide the required analytical content. During the review of the research abstracts, another 45 articles
were excluded. Finally, after a rapid review of the content and key themes of the articles, 20 additional articles were
rejected. Ultimately, 37 articles remained for analysis, and the results of their review formed the findings of the
present study.

Stage Four) Extraction of information from selected studies: At this stage, an in-depth and systematic review
of the selected studies began. In order to answer the research question and identify models, approaches, influential
variables, and indicators for evaluating the forecasting accuracy of the yield curve, the data extraction process was
conducted. Since the data used in this study were primarily textual and qualitative, including the findings, results,
methodologies, and analyses of previous studies, open coding was used to analyze them. At this stage, key concepts
related to yield curve forecasting —including the type of model used, such as the Nelson-Siegel or Svensson model,
estimation method, input variables, performance evaluation indicators such as RMSE and MAE, market conditions,
and the study period —were extracted and recorded. This process made it possible to identify recurring patterns
and conceptual differences among the studies.

Stage Five) Analysis and synthesis of qualitative findings: To analyze the extracted data, the process of
classifying concepts into subcategories and core categories was used. Coding began with repeated reading of the
texts and the development of a general understanding of the content of each study. The texts were then examined
carefully and line by line in order to identify the main concepts and themes and convert them into initial codes.
After the codes were identified, similar and related concepts were organized into common classes. This

i

classification led to the formation of subcategories such as “parametric models,” “structural interest rate models,”
“statistical and machine learning methods,” and “forecast evaluation indicators.” Subsequently, the subcategories
were integrated at higher conceptual levels, and core categories were formed, constituting the final framework for
explaining yield curve forecasting. Finally, through the systematic synthesis and interpretation of these categories,
a coherent conceptual framework was extracted for forecasting the yield curve of Islamic Treasury Bills in the
Iranian economy, reflecting the relationships among model type, market conditions, influential variables, and

forecasting accuracy.
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Table 2. Characteristics of the Selected Studies in the Meta-Synthesis of Yield Curve Forecasting

No. Author/ Year Country or Study Objective Evaluation Main Model or Main Result or Finding
Market Criteria / Method
Analytical
Method
1 Gabin and United States ~ Examining linkagesin =~ Quantile analysis =~ Quantile-on-quantile = Nonlinear dependence
Stenfors (2024) the Treasury yield connectedness exists among different
curve maturities of the yield
curve.

2 Duetal. (2023)  United States ~ Examining the role of Econometric Structural financial The balance sheets of
financial analysis models financial intermediaries
intermediaries’ balance affect the slope and
sheets in the yield level of the curve.
curve

3 Liu and Wu United States ~ Reconstructing the Statistical fitting Kernel smoothing A new method was

(2021) yield curve proposed for accurate
yield curve estimation.

4 Chen (2023) United States ~ Analyzing the role of Statistical models ~ Maturity The five-year maturity
the five-year maturity connectedness plays a key role in
in the yield curve analysis transmitting
structure information across the

curve.

5 Mohammadi Iran Forecasting Iran’s yield = RMSE, MAE Factor model and Combining a factor

Aghdam et al. curve machine learning model with machine
(2025) learning increases
forecasting accuracy.

6 Noufail and Morocco Forecasting economic Econometric Economic forecasting  The yield curve

Alloui (2024) conditions using the analysis models contains informational
yield curve content for economic
forecasting.

7 Paglia and United States ~ Forecasting recession Forecasting Machine learning Machine learning

Tucker (2020) using the yield curve criteria models have higher
predictive power.

8 Nia and Government Forecasting the yield RMSE, MAE Time-series models Time-series models are

Hamzeh (2020)  bond market curve of government suitable for short-term
bonds forecasting.

9 Amamiya Japan Yield curve control Theoretical Yield curve control Monetary policy can

(2017) analysis framework manage the shape of
the yield curve.

10 Sain et al. International Comparing yield curve  Forecast error Machine learning Machine learning

(2026) forecasting methods and econometrics models often show
greater accuracy.

11 Liuand Cheng  United States  Yield curve forecasting  Error criteria Robust machine Algorithms resistant to

(2026) using robust machine learning uncertainty perform
learning better.

12 Firdausanti United States ~ Forecasting the yield RMSE Dynamic Nelson— The hybrid DNS-LSTM

and Shafira curve Siegel + long short- model has high
(2026) term memory accuracy.
recurrent neural
network

13 Sain (2024) United States ~ Multi-step forecasting Forecast analysis Machine learning Combining methods
of the yield curve and econometrics provides better

performance.

14 White (2024) United States ~ Modeling the term Time-series Geometric term- The geometric model
structure analysis structure model enables better

interpretation of
interest rate structure.

15  Chatterjee et United States ~ Analyzing yield curve ~ Empirical analysis ~ Econometric models  Yield curve inversion

al. (2024) inversion may signal recession.
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16  State (2025) International Examining the Empirical analysis ~ Forecasting models The yield curve
predictive power of the provides important
yield curve information about the

future economy.

17 Caldeira et al. International ~ Forecasting the yield RMSE Time-varying Time-varying

(2025) curve parameter models parameters increase
forecasting accuracy.

18  Susanetal. International Forecasting the daily Functional FPCA-VAR Functional models are

(2026) yield curve analysis appropriate for curve
data.

19  Bayar and United States ~ Examining the effect of =~ Empirical analysis ~ Econometric models  Interest rate

Kutan (2024) interest rate uncertainty changes
uncertainty on the the shape of the yield
yield curve curve.

20  Castello and BRICS Modeling and Simulation Time-varying Dynamic parameters

Resta (2025) countries forecasting the yield analysis parameter models improve forecasting
curve accuracy.

21 Vasquez and Latin America  Estimating the Econometric Dynamic models, Dynamic models are

Paniagua Treasury yield curve analysis VAR, DNS suitable for curve
(2024) estimation.
22 Navarro and International Forecasting the yield Error criteria Hybrid machine Hybrid models
Orazzi (2025) curve learning perform better.
23 Dadashi and Iran Examining the effect of =~ Quantile analysis Quantile-on-quantile  The returns on
Omidi (2026) Islamic Treasury Bill connectedness Treasury Bills are
returns on the capital related to capital
market market returns.
24  Sepahvand et Iran Determining the Statistical analysis ~ Econometric models ~ Economic factors affect
al. (2023) demand for Islamic demand for these
Treasury Bills securities.
25 Sepahvand et Iran Examining factors Empirical analysis  Statistical analysis Economic and
al. (2022) affecting the institutional
acceptance of Islamic characteristics affect
Treasury Bills the acceptance of these
securities.
26 Peymani and Iran Estimating the short- Model Equilibrium interest Equilibrium models are
Houshangi term profit rate of comparison rate models applicable in
(2017) Islamic Treasury Bills estimating profit rates.
27  Nazarpour and Iran Identifying risks of Decision-making Risk analysis Market and liquidity
Sadraei (2017) Islamic Treasury Bills methods risks are the most
important factors.

28 Kianpouretal.  Iran Examining the term Macroeconomic New Keynesian Macroeconomic

(2020) structure of interest analysis model variables affect the
rates yield curve.

29  Sadraei et al. Iran Examining the effect of =~ Macroeconomic DSGE model The issuance of these

(2020) Treasury Bill issuance simulation securities affects fiscal
on government fiscal sustainability.
sustainability

30  Khardyaretal. Iran Examining Islamic Descriptive Financial analysis These securities are

(2020) Treasury Bills as a analysis important instruments
financing instrument in the debt market.

31 Masoudietal.  Iran Presenting an RMSE, MAE Nelson-Siegel and The Svensson model

(2024) appropriate model for Svensson models fits better than the
the yield curve of Nelson-Siegel model.
Islamic Treasury Bills
32 Mousavi Iran Fitting the yield curve MSE, MAE Nelson-Siegel and Parametric models

Samarin et al.
(2025)

of government bonds

spline models

have acceptable
performance.
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33  Kianpouretal. Iran Examining the Macroeconomic DSGE model Inflation and monetary
(2023) relationship between analysis policy affect the yield
macroeconomic curve.
variables and the yield
curve
34  Dadashi and Iran Examining the effect of =~ Quantile analysis =~ Quantile-on-quantile = The effects depend on
Omidi (2026) Islamic Treasury Bill approach market conditions.
maturity returns on the
capital market
35  Collin (2022) International ~ Reviewing the Conceptual Educational analysis ~ Basic concepts of the
fundamentals of the review yield curve are
government bond presented.
yield curve
36  Dashand Nag India Examining the Empirical analysis ~ Forecasting models The yield curve is an
(2022) predictive power of the indicator for
yield curve forecasting recession.
37  Kumar etal. Canada Reviewing the Theoretical Financial models Theories of the yield
(2021) literature on the term analysis curve are developed.

structure of interest
rates

Table 2 presents a summary of the selected studies extracted in the meta-synthesis process that were reviewed
in the areas of modeling, estimation, and forecasting of the yield curve of debt securities, particularly Islamic
Treasury Bills. These studies were selected using the inclusion criteria determined in the screening stage, including
direct relevance to the term structure of profit rates, the application of yield curve modeling or forecasting methods,
publication within the specified time period, and scientific credibility. Accordingly, 37 selected studies from
domestic and international sources were identified and analyzed.

The reviewed studies show that the literature related to the yield curve can be categorized into several main
approaches. First, classical and parametric approaches to the term structure of interest rates, such as the Nelson—
Siegel model, the Svensson model, and other equilibrium interest rate models, have been widely used to fit and
interpret the shape of the yield curve. Second, econometric and time-series models, such as VAR, time-varying
parameter models, and macroeconomic frameworks such as DSGE, have been used to analyze temporal dynamics
and the effects of macroeconomic variables on the yield curve. Third, modern data-driven methods, including
machine learning algorithms and hybrid models, have received increasing attention from researchers in recent
years because of their greater ability to extract nonlinear patterns and improve forecasting accuracy. In addition,
some studies have used advanced methods such as quantile analysis, quantile-on-quantile connectedness,
functional principal component analysis, and smoothing methods to analyze the structure and intra-curve
dependencies of the yield curve. A review of the findings of the selected studies indicates that, in the international
literature, considerable attention has been paid to developing more accurate yield curve forecasting methods,
combining econometric models with machine learning algorithms, and examining the role of macroeconomic
factors, financial uncertainties, and monetary policies in shaping the yield curve. By contrast, in the domestic
literature, a significant portion of studies has focused on analyzing Iran’s debt market, examining the characteristics
of Islamic Treasury Bills, identifying factors affecting the demand for and risks of these securities, and estimating
the yield curve using parametric models such as Nelson-Siegel and Svensson. Overall, the results of this table
indicate that although numerous studies have been conducted on yield curve fitting and analysis, studies that
simultaneously address forecasting the yield curve of Islamic Treasury Bills using hybrid approaches and advanced

data-driven methods remain limited. Therefore, the present study, by focusing on the systematic extraction and
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synthesis of findings from previous studies, can help identify appropriate frameworks for forecasting the yield

curve in Iran’s debt market and partially address the existing gap in this field of literature.

The results of the meta-synthesis of the conducted studies are presented in Table 3.

Table 3. Final Categorization of Yield Curve Forecasting Studies

Core Category Subcategory Extracted Concepts / Codes Number of  Sample Sources
Sources
Parametric models of the term Nelson-Siegel (NS) Level, slope, curvature 3 Masoudi (2024), Mousavi
structure (2025), Firdausanti (2026)
Parametric models of the term Nelson-Siegel-Svensson ~ Second curvature parameter, 2 Masoudi (2024), Castello
structure (NSS) flexible fitting (2025)
Parametric models of the term Spline and smoothing Spline method; kernel 2 Mousavi (2025), Liu and
structure smoothing method Wu (2021)
Equilibrium interest rate models ~ Vasicek Mean reversion; short-term 1 Peymani (2017)
interest rate
Equilibrium interest rate models ~ Cox-Ingersoll-Ross Stochastic short-term interest 1 Peymani (2017)
(CIR) rate

Dynamic time-series models for ~ ARIMA / VAR Coefficient dynamics, multi- 4 Nia (2020), Susan (2026),
forecasting step forecasting Vasquez (2024), Sain

(2024)
Dynamic time-series models for ~ FPCA-VAR Functional curve analysis 1 Susan et al. (2026)
forecasting
Dynamic time-series models for ~ Time-varying parameter ~ Time-varying decay rate 2 Caldeira (2025), Castello
forecasting (2025)
Machine learning and hybrid LSTM Recurrent neural network 2 Firdausanti (2026), Sain
models (2026)
Machine learning and hybrid Hybrid learning Combination of multiple 1 Navarro (2025)
models models
Machine learning and hybrid Factor + ML Factor model + machine 1 Mohammadi Aghdam
models learning (2025)
Machine learning and hybrid Robust ML Robust learning 1 Liu and Cheng (2026)
models
Model performance evaluation RMSE / MAE / MSE Mean squared error 9 Masoudi, Mousavi, Nia,
criteria Sain, Caldeira, and others
Model performance evaluation Diebold-Mariano test Comparison of forecasting 1 Masoudi (2024)
criteria accuracy
Model performance evaluation Out-of-sample Out-of-sample forecasting 2 Sain (2026), Caldeira
criteria forecasting (2025)
Factors affecting the shape and Macroeconomic Inflation, output, monetary 3 Kianpour (2024), Caldeira
forecasting accuracy of the yield  variables policy (2025), Noufail (2024)
curve
Factors affecting the shape and Interest rate uncertainty ~ Interest rate uncertainty 1 Bayar (2024)
forecasting accuracy of the yield
curve
Factors affecting the shape and Monetary policy and Yield curve control 1 Amamiya (2017)
forecasting accuracy of the yield  curve control
curve
Economic functions of the yield ~ Recession forecasting Yield curve inversion and 3 Paglia (2020), Chatterjee
curve recession signal (2024), Dash and Nag

(2022)
Economic functions of the yield ~ Effect on Iran’s capital Returns on Islamic Treasury 1 Dadashi and Omidi (2026)
curve market Bills versus stock market

returns

Economic functions of the yield =~ Demand and risk of Liquidity, market risk 2 Sepahvand (2022) and
curve Islamic Treasury Bills Nazarpour (2020)
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Table 3 shows the result of the coding process and conceptual synthesis of the selected studies in the present
research. After key concepts were extracted from the reviewed sources, initial codes were first identified and then
categorized into subcategories and ultimately core categories based on conceptual similarities. This process was
conducted with the aim of identifying the main patterns in the literature related to yield curve modeling and
forecasting.

Based on the results of the meta-synthesis, the most important research themes in the literature of this field can
be classified into seven core categories. The first category consists of parametric models of the term structure,
including Nelson-Siegel, Nelson-Siegel-Svensson, and spline- and smoothing-based methods, which are widely
used to fit the shape of the yield curve and extract the factors of level, slope, and curvature. The second category
consists of equilibrium interest rate models, such as the Vasicek and Cox-Ingersoll-Ross models, which mainly
focus on the stochastic behavior of short-term interest rates and the mechanism of mean reversion. The third
category concerns dynamic time-series models, which are used to forecast changes in the yield curve over time.
This category includes methods such as ARIMA, VAR, functional principal component analysis, and time-varying
parameter models, which make it possible to examine temporal dynamics and conduct multi-step yield curve
forecasting. The fourth category includes modern approaches based on machine learning and hybrid models. Using
algorithms such as recurrent neural networks, factor models combined with machine learning, and algorithms
robust to uncertainty, these methods have demonstrated a greater ability to identify nonlinear relationships and
improve forecasting accuracy. Alongside the models used, another part of the literature focuses on model
performance evaluation criteria. Indicators such as RMSE, MAE, and MSE have been widely used to measure
forecasting error, while some studies have also used comparative tests, such as the Diebold-Mariano test, and out-
of-sample forecasting evaluation to compare model performance. In addition, some studies have examined factors
affecting the shape and dynamics of the yield curve, among which macroeconomic variables, interest rate
uncertainty, and monetary policies have been identified as the most important influencing factors. Finally, the
results of the meta-synthesis show that the yield curve, in addition to its application in modeling and forecasting
interest rates, also has important economic functions, including forecasting economic cycles and recessions,
analyzing the relationship between the debt market and the capital market, and examining the characteristics of
the Islamic Treasury Bill market in the Iranian economy. Therefore, the classification presented in this table
provides a coherent picture of the main research streams in the field of the yield curve and can serve as a basis for
developing the analytical framework of the present study for forecasting the yield curve of Islamic Treasury Bills.

Despite the significant expansion of the literature related to the term structure of interest rates and the yield
curve, the results of the meta-synthesis show that several important research gaps still exist in this field. First, most
domestic studies have focused on the static fitting of the yield curve of Islamic Treasury Bills using parametric
models such as Nelson-Siegel and Svensson, while less attention has been paid to dynamic out-of-sample
forecasting and comparative evaluation of model performance. Second, although the international literature has
extensively addressed the use of advanced time-series models, time-varying parameters, and machine learning
algorithms, the transfer and localization of these approaches to Iran’s debt market and Islamic Treasury Bills have
remained very limited. Third, most studies have either focused on traditional econometric models or merely
applied machine learning algorithms, and there are few studies that systematically combine term-structure models
with modern data-driven methods within the framework of the Iranian market. Accordingly, the main gap
identified in this study is the absence of an integrated and coherent framework for forecasting the yield curve of

Iranian Islamic Treasury Bills by simultaneously using term-structure models, dynamic time-series methods, and
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machine learning algorithms, as well as the precise evaluation of their performance based on standard out-of-
sample forecasting criteria. Drawing on the findings extracted from the meta-synthesis of previous studies, the
present research seeks to address this gap and provide an analytical and practical framework for improving
forecasting accuracy in Iran’s debt market.

Stage Six) Quality control: In order to determine the reliability of the research data, the strategy of peer
debriefing was used.

Stage Seven) Presentation of findings.

In this study, the components and variables related to forecasting the yield curve of Islamic Treasury Bills were
extracted from the selected studies and considered as initial concepts. These concepts were then classified into
homogeneous categories based on conceptual and functional similarities, which resulted in the formation of
analytical categories. In the next step, these categories were organized and synthesized within an integrated
framework in order to present a comprehensive picture of the approaches used in yield curve forecasting. The
outcome of this process was the formation of the main dimensions of models, methods, and factors affecting the
forecasting of the yield curve of Islamic Treasury Bills, which constitute the conceptual model of the study. This

model is presented in Figure 2.

Figure 2. Model of Methods and Factors Affecting the Forecasting of the Yield Curve of Islamic Treasury
Bills
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4. Discussion and Conclusion

The purpose of the present study was to synthesize and integrate the existing literature on yield curve forecasting
and to develop a comprehensive conceptual framework for forecasting the yield curve of Islamic Treasury Bills in
the Iranian economy. The findings of the meta-synthesis revealed that the literature can be organized into seven
major dimensions, including parametric term-structure models, equilibrium interest rate models, dynamic time-
series forecasting models, machine learning and hybrid approaches, model evaluation criteria, factors influencing
the shape and forecasting accuracy of the yield curve, and the broader economic functions of the yield curve.
Collectively, these findings indicate that yield curve forecasting is a multidimensional phenomenon that cannot be
adequately explained through a single methodological perspective. Rather, accurate forecasting requires the
integration of theoretical, econometric, macroeconomic, and data-driven approaches.

One of the most important findings of the present study is the continued prominence of parametric term-
structure models, particularly the Nelson-Siegel and Nelson-Siegel-Svensson frameworks, in both international
and Iranian studies. The results demonstrated that these models remain the dominant tools for estimating and
interpreting yield curve dynamics because they provide economically meaningful factors that capture the level,
slope, and curvature of the curve. This finding is consistent with studies conducted in Iran, which reported
satisfactory performance for Nelson-Siegel and Svensson models in fitting the yield curve of Islamic Treasury Bills
and government securities [10, 11]. The widespread adoption of these models can be attributed to their
parsimonious structure and interpretability. However, the findings also indicate that while these models are
effective for curve fitting and descriptive analysis, they may not always provide the highest forecasting accuracy,
particularly under conditions characterized by economic volatility and structural changes. This observation aligns
with the arguments of researchers who have emphasized the limitations of static parametric structures when
confronted with nonlinear market dynamics and rapidly changing economic environments [7, 8].

Another significant finding concerns the role of equilibrium interest rate models, such as Vasicek and Cox-
Ingersoll-Ross, in explaining the underlying mechanisms of yield curve formation. The meta-synthesis revealed
that although these models are less frequently used in contemporary forecasting studies, they continue to provide
an important theoretical foundation for understanding the stochastic behavior of short-term interest rates and the
process of mean reversion. These results support earlier evidence suggesting that equilibrium models remain
valuable for analyzing the structural determinants of interest rates and for providing economic interpretations of
yield curve movements [12]. Their continued relevance demonstrates that theoretical models retain an important
place in the broader framework of yield curve analysis, even as more sophisticated forecasting techniques emerge.

The findings also highlight the growing importance of dynamic time-series models in yield curve forecasting.
Methods such as ARIMA, VAR, dynamic Nelson-Siegel specifications, functional principal component analysis,
and time-varying parameter models were found to constitute a major stream of research. This result reflects the
recognition that yield curves evolve over time and are influenced by changing economic conditions. Dynamic
models offer advantages because they capture temporal dependencies and permit the incorporation of evolving
relationships among variables. The prominence of these methods in the selected studies is consistent with the
findings of Nia and Hamzah, who demonstrated the usefulness of time-series models for short-term forecasting, as
well as with the work of Vasquez and Paniagua, who emphasized the value of dynamic estimation techniques for
Treasury yield curves [13, 14]. Furthermore, studies investigating time-varying parameter models reported

significant improvements in forecasting accuracy, suggesting that flexible specifications are better suited to
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environments characterized by structural change and economic uncertainty [7, 8]. The results of the present study
therefore support the view that incorporating dynamic elements is essential for improving yield curve forecasts.

A particularly noteworthy finding is the increasing influence of machine learning and hybrid forecasting
approaches. The meta-synthesis demonstrated that recent studies have increasingly adopted algorithms such as
long short-term memory networks, ensemble learning frameworks, factor-based machine learning models, and
robust machine learning techniques. These methods were consistently associated with improved forecasting
performance, especially when compared with traditional econometric approaches. This finding is highly consistent
with contemporary research indicating that machine learning models are capable of identifying nonlinear
relationships and complex interactions that conventional models often fail to capture [16, 18]. Similarly, studies
employing hybrid frameworks reported superior performance because they combine the theoretical strengths of
financial models with the predictive capabilities of advanced computational algorithms [9, 17]. The results of
Mohammadiaghdam and colleagues further support this conclusion by demonstrating that combining factor
models with machine learning methods substantially improves the forecasting accuracy of Iran’s yield curve [19].
These findings collectively suggest that the future of yield curve forecasting is likely to be characterized by
increasing integration between economic theory and artificial intelligence techniques.

The results of the present study also emphasize the importance of rigorous model evaluation. Across the
reviewed literature, RMSE, MAE, and MSE emerged as the most widely used indicators for assessing forecasting
performance. Additionally, comparative methods such as the Diebold-Mariano test and out-of-sample forecasting
evaluation were frequently employed to determine whether one model significantly outperformed another. The
widespread use of these measures reflects the growing recognition that model selection should be based not only
on theoretical plausibility but also on empirical forecasting performance. This finding is consistent with studies
comparing alternative yield curve specifications in Iran and abroad, which relied heavily on these evaluation
criteria to identify superior forecasting frameworks [7, 10]. Consequently, the results suggest that future research
should continue emphasizing out-of-sample predictive performance rather than relying solely on in-sample
goodness-of-fit measures.

Another important finding relates to the factors influencing the shape and forecasting accuracy of the yield curve.
The meta-synthesis identified macroeconomic variables, monetary policy actions, and interest rate uncertainty as
the most influential determinants. This result reinforces the view that yield curves cannot be understood
independently of broader economic conditions. Studies conducted in both domestic and international contexts have
consistently shown that inflation, output, monetary policy decisions, and macroeconomic expectations significantly
affect the term structure of interest rates [3, 20, 21]. Similarly, evidence regarding interest rate uncertainty suggests
that periods of heightened uncertainty alter the shape of the yield curve and reduce forecasting stability [22]. The
importance of monetary policy was also evident in studies examining yield curve control frameworks, which
demonstrated that central bank interventions can directly influence yield curve configurations [5]. These findings
imply that forecasting models that fail to incorporate macroeconomic and policy-related variables may suffer from
reduced predictive accuracy.

The findings further revealed that financial market structures and information transmission mechanisms play a
significant role in yield curve dynamics. Studies examining intermediary balance sheets, maturity-specific effects,
and quantile-based connectedness measures showed that financial market conditions influence yield curve
behavior in ways that are often nonlinear and heterogeneous. The work of Du and colleagues demonstrated that

the balance sheets of financial intermediaries affect the level and slope of Treasury yield curves, while Chen
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highlighted the central role of five-year Treasury securities in transmitting information across maturities [23, 24].
Likewise, Gabauer and Stenfors found substantial nonlinear connectedness among different segments of the
Treasury yield curve, indicating that shocks are transmitted differently across maturities depending on market
conditions [25]. These results suggest that yield curve forecasting models should account for market microstructure
factors and cross-maturity interactions in order to achieve greater accuracy.

The meta-synthesis also confirmed the broader economic significance of the yield curve beyond forecasting
interest rates. The reviewed studies consistently identified the yield curve as a powerful predictor of future
economic activity and recessionary conditions. Research conducted in various countries demonstrated that yield
curve inversion remains one of the most reliable indicators of economic downturns [4, 6]. Furthermore, studies
examining the relationship between the yield curve and economic activity showed that yield spreads contain
valuable information regarding future growth prospects and macroeconomic performance [2, 3]. These findings
reinforce the idea that yield curve forecasting is not merely a technical exercise but also a valuable tool for economic
policy analysis and strategic decision-making.

Within the Iranian context, the findings underscore the increasing importance of Islamic Treasury Bills as a key
component of the debt market. The reviewed studies revealed that these securities play a significant role in
government financing, fiscal sustainability, and financial market development [26, 27]. At the same time, factors
such as market risk, liquidity conditions, investor acceptance, and demand dynamics significantly influence their
performance [28-30]. The evidence indicating a relationship between Islamic Treasury Bill yields and capital market
returns further highlights the interconnected nature of Iran’s financial system [31]. Consequently, improving the
forecasting of Islamic Treasury Bill yield curves has important implications for debt management, investment
decisions, and financial stability.

Overall, the findings of the present study suggest that no single model can fully capture the complexity of yield
curve dynamics. Instead, the most promising approach appears to be the integration of structural term-structure
models, macroeconomic variables, dynamic forecasting techniques, and machine learning algorithms within a
unified analytical framework. Such an approach can benefit from the interpretability of traditional financial models
while simultaneously exploiting the predictive capabilities of modern data-driven methods. The conceptual
framework developed through the present meta-synthesis therefore provides a comprehensive foundation for
future forecasting models in the Iranian debt market and contributes to bridging the gap between international
methodological advances and domestic financial applications.

One limitation of the present study is that it relied exclusively on published academic studies and scientific
reports, which may have introduced publication bias into the findings. Studies with significant or positive results
are more likely to be published than studies reporting insignificant outcomes, potentially affecting the
comprehensiveness of the synthesis. In addition, although both domestic and international studies were included,
the availability of research specifically focused on forecasting the yield curve of Islamic Treasury Bills remains
limited. Another limitation is that the study employed a qualitative meta-synthesis approach and therefore did not
conduct a quantitative meta-analysis of forecasting performance indicators across different models.

Future studies should conduct empirical testing of the conceptual framework proposed in this research using
actual market data from Islamic Treasury Bills. Researchers may compare the forecasting performance of traditional
econometric models, machine learning algorithms, and hybrid approaches under different market conditions.
Additional studies could also examine the role of alternative macroeconomic indicators, sentiment measures, and

financial uncertainty indices in improving forecasting accuracy. Furthermore, comparative investigations across
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different emerging debt markets may provide valuable insights into the generalizability of forecasting frameworks
developed for the Iranian context.

Policymakers and financial authorities should consider integrating macroeconomic information, market
indicators, and advanced forecasting techniques into debt management and monetary policy analysis. Financial
institutions and investment firms may improve risk management and portfolio allocation decisions by utilizing
hybrid forecasting models that combine traditional yield curve structures with machine learning methods. Market
regulators can also benefit from enhanced yield curve forecasting systems by improving the monitoring of debt
market conditions and identifying potential financial vulnerabilities at an earlier stage. Finally, the development of
comprehensive yield curve forecasting platforms could support greater transparency, efficiency, and stability

within Iran’s debt market.
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