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The relationship between climate variability and economic growth—particularly
through temperature and precipitation—has become a central topic in growth
economics and environmental economics. Empirical evidence indicates that the impact
of these climatic variables on economic performance is often non-linear and
non-uniform over time, implying that traditional linear models may reduce estimation
accuracy and overlook important structural information. Accordingly, the main
objective of this study is to model economic growth with an emphasis on the roles of
temperature and precipitation using a hybrid framework that integrates Bayesian Model
Averaging (BMA) with panel spline regression. This exploratory study examines 57
member countries of the Organization of Islamic Cooperation (OIC) over the period
1985-2023. In the first stage, the most efficient modeling strategy was selected from
among BMA, TVP-DMA, TVP-DMS, and WALS. The in-sample forecasting results
confirmed the superiority of the Bayesian Model Averaging approach. Using this
method, twenty robust determinants of economic growth were identified, with
economic openness emerging as the most influential variable. The results further
showed that while temperature change and precipitation ranked lower in the posterior
inclusion probabilities, both exerted a negative and statistically significant effect on
economic growth. In the second stage, a three-knot panel spline regression was
employed to examine how the intensity of these effects varies across different regimes.
The findings revealed that, unlike many economic variables that follow an inverted-U
pattern, the negative impact of precipitation and temperature on economic growth
becomes progressively stronger across subsequent knots
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Extended Abstract

Introduction

The extent of the effects and consequences of climate change on various aspects of human life today has taken this
phenomenon beyond an environmental issue and highlighted its economic aspects considering its effects on economic
development, poverty, inequality, and welfare. The economic impact of climate change in recent decades has attracted
increasing attention from researchers and policymakers. To quantify the impact of climate change on the economy, the
relationships between precipitation, temperature, and economic growth are used.

As global climate moves toward warmer conditions, the frequency and severity of extreme weather events are also
increasing. However, model performance and differences in predictions among studies complicate the use of
econometric estimates of climate. Understanding the optimal relationship between climate and economic outcomes is
particularly important when forecasting the effects of global warming. In the majority of studies, a nonlinear
relationship between these variables has been confirmed.

Using traditional methods in regression analysis often leads to loss of information or jeopardizes the interpretability of
the results. One recommended but rarely used method for modeling nonlinear relationships in regression models is
spline functions. Therefore, the main objective of the present study is to model economic growth with an emphasis on
the effect of climate variables, temperature, and precipitation using a hybrid approach of Bayesian averaging and spline
regression to capture this nonlinear behavior.

Method

Using a Cobb-Douglas production function, this study investigates the impact of temperature and precipitation—as
indicators of climate change—on the economic growth of 57 member countries of the Organization of Islamic
Cooperation (OIC) from 1990 to 2023. The extended production function incorporating climate variables is specified
as follows:

Yie = Ai,tK&L?,rPiﬁTﬂeS"" 1)
where Y; . represents economic output; A;.is total factor productivity; K;.is capital stock; L;.is labor; P;, is
precipitation; and T; .is temperature. The subscripts iand tdenote country and time dimensions, respectively, while
&;.¢is the error term. The parameters a, 6, u, and drepresent the elasticities of output with respect to capital, labor,
precipitation, and temperature. To linearize the function for empirical estimation, we take the natural logarithm of both
sides:

InY;;=InA;;+aln K;; +6In L;; + puln P, +9In T;, + &;, (2)
The research methodology consists of two primary stages: Variable Selection (Modeling) and Estimation. In the first
stage, we use model averaging to address model uncertainty, and in the second stage, we employ a panel spline
regression to capture potential non-linearities.

Results:

Based on the findings of the modeling stage, Bayesian Model Averaging (BMA) was identified as the most efficient
approach compared with the alternative model averaging methods, including TVP-DMA, TVP-DMS, and WALS. The
in-sample forecasting results confirmed the superior predictive performance of the BMA approach in explaining
economic growth across the selected countries. Accordingly, twenty robust determinants of economic growth were
identified among the candidate variables. Among these determinants, economic openness had the highest posterior
inclusion probability and was recognized as the most influential variable affecting economic growth. The results also
indicated that trade-related variables, including economic openness, non-oil exports, oil exports, and the KOF
globalization index, play a key role in explaining growth dynamics in the member countries of the Organization of
Islamic Cooperation. In addition, institutional quality, infrastructure, private investment, and sectoral variables such
as industry and services were found to have positive effects on economic growth. In contrast, macroeconomic
instability indicators, including liquidity, the unofficial exchange rate, producer inflation, budget deficit,
unemployment, and corruption, exerted negative effects on growth. Although the climatic variables of precipitation
and temperature change were ranked lower than some economic and institutional variables in terms of posterior
importance, their effects on economic growth were statistically significant and negative. This finding confirms that
climate variables are relevant determinants of growth performance, particularly in economies that are more exposed to
environmental shocks and climate-related vulnerabilities. In the second stage, the panel spline regression with three
knots was applied to examine the nonlinear and regime-dependent effects of the selected variables on economic growth.
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The results showed that the impact of the explanatory variables is not constant across different regimes. For many
economic and institutional variables, the estimated effects followed an inverted U-shaped pattern, indicating that their
growth-enhancing impacts increase up to a certain threshold and then decline. However, the climatic variables
exhibited a different pattern. The negative effects of precipitation and temperature change on economic growth became
stronger across successive knots, suggesting that climate-related damages intensify as economies move into later
regimes.
Conclusion:
The findings of this study provide evidence that economic growth in the member countries of the Organization of
Islamic Cooperation is influenced by a combination of economic, institutional, structural, and climatic factors. The
results of the Bayesian Model Averaging approach demonstrate that economic openness is the most important and
robust determinant of growth, followed by other trade-related and globalization indicators. This highlights the
importance of integration into regional and global markets, export diversification, and greater participation in
international economic interactions for promoting growth. At the same time, the results confirm that climate change,
represented by temperature change and precipitation, has a negative and significant impact on economic growth.
Although these variables do not rank among the highest-priority determinants in the BMA results, their adverse effects
are economically meaningful and become more pronounced when nonlinearities are taken into account. The panel
spline regression results show that, unlike many economic variables that display an inverted U-shaped relationship
with growth, the negative effects of temperature and precipitation intensify across the identified knots. Therefore, the
main conclusion of the study is that the relationship between climate variables and economic growth is nonlinear,
regime-dependent, and increasingly harmful over time. These findings suggest that conventional linear models may
underestimate the true economic costs of climate change. Consequently, growth policies in OIC countries should not
focus solely on traditional economic drivers such as trade openness, investment, and infrastructure, but should also
incorporate climate adaptation strategies, sustainable resource management, and institutional reforms aimed at
reducing vulnerability to temperature and precipitation shocks. In this regard, the hybrid BMA—panel spline framework
provides a more comprehensive and accurate approach for identifying robust growth determinants and capturing the
nonlinear effects of climate variables on economic performance.
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