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Abstract. This study aims to empirically investigate the short- and long-term effects of climate policy uncer-
tainty on economic growth in the U.S. for the years 1990-2020. In the study, total workforce, foreign direct 
investments, and financial development variables were also selected as control variables, and the effects of these 
variables on economic growth were examined. The study used the ARDL bounds test approach to investigate 
the cointegration between the variables. The findings confirm the existence of a positive and statistically sig-
nificant relationship between climate policy uncertainty and economic growth in the sample period in the U.S. 
In addition, the effects of total labor force, foreign direct investments, and financial development on economic 
growth were found to be positive and statistically significant in the study.
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1. Introduction

Climate change is one of today’s most challenging elements and can potentially affect 
the lives of almost every living thing on Earth. In addition, climate change can interfere 
directly and indirectly with the economic and financial system (Daniel et al., 2020). 

Nordhaus (1977), who investigated the relationship between climate change and 
economic growth for the first time, stated that fossil fuels are vital for production. Still, 
these fuels will cause greenhouse gasses and negatively affect economic performance in 
the coming years. The researcher also stated that climate change has the power to affect 
many financial factors and that researchers and policymakers should do the necessary 
studies on the effects of climate change on financial markets.
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Studies have focused on the micro and macro-based effects of climate change policy, 
such as tourism, employment, agriculture, health, foreign direct investment, stock market, 
and economic growth (Atasoy & Atasoy, 2020), and revealed that climate change directly 
affects the economy. The research report by Moody’s Analytics (2019) revealed that the 
cost that the U.S., responsible for 14% of global greenhouse gas, had to endure due to 
hurricanes due to climate change in 2017 was 300 billion U.S. dollars. In the report pre-
pared by Earths Future (2018), it is emphasized that in case of non-compliance with the 
Paris Climate Agreement, the long-term cost of Australia will be 126 billion USD, and the 
global cost may be 23 trillion USD (İklim Değişikliği Modülü, 2019). While the effects 
of climate change on the economy are so significant, its relationship with financial assets, 
which is one of the essential sub-dimensions of the economy, is inevitable. However, 
studies on the impact of climate change on the macroeconomics are still quite limited.

Climate policies set goals to reduce CO2  emissions at the global level and to increase 
sustainable energy resources. However, research and agreements between countries in 
recent years show that there are still uncertainties in implementing climate policies. The 
climate policy uncertainty index (CPU), introduced to the literature by Gavriilidis (2021), 
has been a topic of discussion for scholars and researchers. According to the author, CPU 
is the most important index, which follows the established methodology of Baker et al. 
(2016) and their EPU index. The index was created according to the frequency of use of 
some essential concepts related to ecology in 8 different newspapers in the U.S. between 
the periods 2000.01- 2021.03. Gavriilidis (2021) found climate policy determination has 
a strong and negative effect on CO2  emissions. Because of that, many studies list the 
economic elements most affected by climate change policy.

In recent years, with the impact of CPU factors such as the COVID-19 epidemic (Ebi 
et al., 2021) and the industry sectors (He & Zhang, 2022; Lv & Li, 2023; Dinç, 2022), 
financial speculation and financial behavior (Guo et al. al., 2022; Chen, 2023) and stock 
market (Basaglia et al., 2021; Xu et al., 2023).

This study examines the effects of climate policy uncertainty on the total workforce, 
foreign direct investments, and financial development using ARDL analysis for the U.S. 
from 1990-2020. There are numerous reasons to examine the U.S. First, according to the 
financial globalization index, the U.S. has 80% financial influence. In this way, the U.S. can 
both affect the world conjuncture and be affected by the world conjuncture. According to 
Moody’s Analytics Report (2019), the U.S. is responsible for 14% of global greenhouse gas.

Our study proceeds as follows. The second part examines the sample literature to deter-
mine the relations between CPU and macroeconomic factors. In the third part, we prepared 
the dataset and model used in our empirical analysis. In the fourth part, we present the 
empirical findings. In the final part, we present conclusions based on empirical findings.

2. Literature review

In the literature, many studies have studied the effects of climate change on various 
sub-branches of the economy (Huang, 2023; Chang et al., 2018; Liu et al., 2022). Estimat-
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ing climate change’s possible economic effects is significant for policy decisions (Pretis, 
2020). For this result, governments must make policy decisions to ensure sustainable 
growth and reduce CO2 emissions. However, economic policy uncertainty (EPU) leads 
to uncertainty of the climate policy (CPU) and also causes economic factors to be highly 
affected by the uncertainty in climate change (Huang, 2023). 

The CPU, introduced to the literature by Gavriilidis (2021), has been a topic of discus-
sion for governments and researchers. According to the author, CPU is the most important 
index, which follows the established methodology of Baker et al. (2016) and their EPU 
index (Gavriilidis, 2021). The climate policy uncertainty index based on the frequency of 
repetition of climate-related words in the keywords of 8 significant newspapers operating 
in the U.S. Based on this index, Gavriilidis found climate policy uncertainty has a strong 
and negative effect on CO2 emissions. Because of that, many studies list the economic 
elements most affected by climate change in terms of agriculture, tourism, energy, labor 
sectors, and stock financial markets.

The studies in the literature can be divided into two groups for examination. The first 
category includes studies of the role of a CPU in agriculture, tourism, energy, and labor 
markets. The second category encompasses studies of the role of a CPU on Gross Domestic 
Product (GDP), the stock market (S.M.), and Foreign Direct Investment (FDI). But in 
this study, we only review relevant studies on the impact of CPU on the total workforce, 
GDP F.D., and FDI.

2.1. Economic and Financial Impact of Climate Policy Uncertainty  

Some scholars have verified the linkage between the climate change policy and the stock 
market. Chang et al. (2020), one of the studies on the relationship between the CPU and 
the stock market, studied the relationship between coal, oil, gas, and stock return in 18 
countries. In this study, while a negative correlation was found between three fossil sources 
and stock market return in the U.K., the highest positive correlation was between coal 
emissions and the stock market in Japan. The highest positive correlation was detected 
between oil emission and stock return in Norway and the highest negative correlation 
between oil emission and stock return in Germany. Statistically, all the findings show 
that the stock market returns to CO2 emissions from coal, oil, and gas are unidirectional.  
Basaglia et al. (2021) determine the relationship between the increase in CPU and the U.S. 
stock market volatility. He found that the increase in CPU is related to prices of stocks 
with relatively lower prices. 

Some scholars have researched the effects of climate policy uncertainty on Foreign 
Direct investment and GDP. Jorgenson et al. (2022) researched the relationship between 
Gross Domestic Product (GDP), Foreign Direct Investment, stock market, and climate 
change using Prais-Winsten regression models with panel analysis in 77 countries. Results 
showed that CO2 and GDP is positively associated with foreign direct investment. Pao 
and Tsai (2011) analyzed the relationship between CO2 emissions, energy consumption, 
Foreign Direct Investment, and GDP in BRICS countries. They found a solid bidirectional 
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relationship between CO2 emissions, Foreign Direct investment, and a unidirectional 
strong relationship from output to Foreign Direct investment. Dinç (2022) analyzed the 
relationship between the index of climate policy uncertainty, energy consumption, and 
economic growth in the U.S. via symmetric causality. He found that the relationship 
between climate policy uncertainty and CO2 emissions and energy consumption varies 
across sectors. 

Our paper presents several main contributions to the literature. First, there is a limited 
number of research examining the impact of the CPU on macroeconomic variables. Second, 
no studies examine the causality relationship between CPU and total labor workforce, 
financial development index, foreign direct investment, and gross domestic product. 
Thirdly, to address the gap in the literature, we applied the ARDL test to examine the 
relationship between variables.

3. Data and Method

The time series data used in the study examining the relationship between climate policy 
uncertainty and economic growth in the U.S. covers the period 1990-2020. Economic 
growth, the study’s dependent variable, is represented by GDP and the fixed 2015 prices 
expressed in U.S. dollars. On the other hand, climate policy uncertainty (CPU) is repre-
sented by the climate policy uncertainty index, which is calculated by Gavrilidis (2021) 
based on newspaper reports on the leading U.S. emissions regulations, global strikes, and 
the U.S. president’s statements on climate change. Other variables used in the study are 
total workforce (L.B.), foreign direct investment (FDI), gross domestic product (GDP), 
and financial development index (F.D.). L.B., FDI, and GDP variables were taken from 
the World Bank, and the F.D. variable was taken from the IMF database. 

3.1. Model Specification

The form representing the empirical framework of the study examining the impact of 
climate policy uncertainty on economic growth in the U.S. is expressed in Equation 1.

𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡=𝑓𝑓 (𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡, 𝐿𝐿𝐿𝐿𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡,)                                                                                         (1)  

𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝛼𝛼0 + 𝛼𝛼1𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡 + 𝛼𝛼2𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡 + 𝛼𝛼3𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡 + 𝛼𝛼4𝐹𝐹𝐺𝐺𝑡𝑡 + 𝜀𝜀𝑡𝑡                              (2) 

 

Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝
İ=1 Δ𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + 𝜆𝜆1𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−1 + 𝜆𝜆2𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−1 + 𝜆𝜆3𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−1 +

𝜆𝜆4𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−1 + 𝜆𝜆5𝐹𝐹𝐺𝐺𝑡𝑡−1 + 𝜀𝜀𝑡𝑡                                                                                                                       (3)  

 
Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐶𝐶𝐸𝐸𝑡𝑡−1 + 𝜀𝜀𝑡𝑡          

 

 

-10.0

-7.5

-5.0

-2.5

0.0

2.5

5.0

7.5

10.0

10 11 12 13 14 15 16 17 18 19 20

CUSUM 5% Significance

-0.4

0.0

0.4

0.8

1.2

1.6

10 11 12 13 14 15 16 17 18 19 20

CUSUM of Squares 5% Significance  

                                                                                                        

  (1) 

The modified and transformed version of Equation 1 is expressed in Equation 2 below:𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡=𝑓𝑓 (𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡, 𝐿𝐿𝐿𝐿𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡,)                                                                                         (1)  

𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝛼𝛼0 + 𝛼𝛼1𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡 + 𝛼𝛼2𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡 + 𝛼𝛼3𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡 + 𝛼𝛼4𝐹𝐹𝐺𝐺𝑡𝑡 + 𝜀𝜀𝑡𝑡                              (2) 

 

Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝
İ=1 Δ𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + 𝜆𝜆1𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−1 + 𝜆𝜆2𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−1 + 𝜆𝜆3𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−1 +

𝜆𝜆4𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−1 + 𝜆𝜆5𝐹𝐹𝐺𝐺𝑡𝑡−1 + 𝜀𝜀𝑡𝑡                                                                                                                       (3)  

 
Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐶𝐶𝐸𝐸𝑡𝑡−1 + 𝜀𝜀𝑡𝑡          
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 (2)

In Equation 2, LNGDP represents the logarithm function of economic growth, LNCPU 
represents the logarithm function of climate policy uncertainty, LNLB represents the 
logarithm function of the total labor force, and finally, LNFDI represents the logarithm 
function of foreign direct investment.

In addition to climate policy uncertainty, the labor force, foreign direct investment, 
and financial development variables used in the study were chosen because they are also 
the basic growth dynamics. The model is based on the Neoclassical Growth Model devel-
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oped by Solow (1956). According to Solow (1956), the most fundamental determinants 
of economic growth are capital investments and the labor force. Accordingly, using the 
labor force variable is the expectation that an increase in the productive workforce will 
positively contribute to economic growth. Foreign direct investments are included in the 
model because this variable is considered one of the essential measures of the level of 
economic growth. The increase in foreign direct investment will also increase economic 
growth. On the other hand, the reason for choosing financial development is that having 
more financial instruments and intermediaries in a financially developed system means 
that every segment of society can invest.

3.2. Estimation Techniques (Autoregressive Distributed Lag (ARDL))

To obtain the short- and long-term effects of climate policy uncertainty on economic growth 
in the United States, Peseran et al. (2001) Autoregressive Distributed Lag (ARDL) method 
was used. The ARDL method is more valuable than traditional cointegration methods such 
as Engle-Granger and Johansen-Juselius, as it gives more useful results for small sam-
ples (Chandio et al. 2020) and removes the requirement that the stationarity levels of the 
variables are the same. For this reason, the ARDL bounds test was preferred in the study.

The ARDL bounds test model, created to obtain the long-term coefficients of the study, 
is expressed in equation 3 below.

𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡=𝑓𝑓 (𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡, 𝐿𝐿𝐿𝐿𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡,)                                                                                         (1)  

𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝛼𝛼0 + 𝛼𝛼1𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡 + 𝛼𝛼2𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡 + 𝛼𝛼3𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡 + 𝛼𝛼4𝐹𝐹𝐺𝐺𝑡𝑡 + 𝜀𝜀𝑡𝑡                              (2) 

 

Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝
İ=1 Δ𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + 𝜆𝜆1𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−1 + 𝜆𝜆2𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−1 + 𝜆𝜆3𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−1 +

𝜆𝜆4𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−1 + 𝜆𝜆5𝐹𝐹𝐺𝐺𝑡𝑡−1 + 𝜀𝜀𝑡𝑡                                                                                                                       (3)  

 
Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐶𝐶𝐸𝐸𝑡𝑡−1 + 𝜀𝜀𝑡𝑡          
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(3)

 

The ARDL bounds test method uses the Wald (F-stat) test for long-term cointegration 
between variables. At this point, Pesaran et al. (2001) calculated the upper bound and 
lower bounds based on the F-test statistics. If the estimated value of the F test is less 
than the lower limit, there is no long-term significant relationship between the variables. 
On the other hand, the fact that the F-test value is higher than the upper limit proves the 
existence of a long-term relationship between the variables. However, the fact that the 
calculated F-test statistics are within the specified limits means that the results are unstable 
(Chandio et al., 2020).

The ARDL error correction model (ECM) is expressed by equation 4 below to estimate 
the short-run relationship between the variables:

𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡=𝑓𝑓 (𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡, 𝐿𝐿𝐿𝐿𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡,)                                                                                         (1)  

𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝛼𝛼0 + 𝛼𝛼1𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡 + 𝛼𝛼2𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡 + 𝛼𝛼3𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡 + 𝛼𝛼4𝐹𝐹𝐺𝐺𝑡𝑡 + 𝜀𝜀𝑡𝑡                              (2) 

 

Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝
İ=1 Δ𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + 𝜆𝜆1𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−1 + 𝜆𝜆2𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−1 + 𝜆𝜆3𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−1 +

𝜆𝜆4𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−1 + 𝜆𝜆5𝐹𝐹𝐺𝐺𝑡𝑡−1 + 𝜀𝜀𝑡𝑡                                                                                                                       (3)  

 
Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐶𝐶𝐸𝐸𝑡𝑡−1 + 𝜀𝜀𝑡𝑡          
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(4)

 
In Equation 4, ECTt–1 denotes the error correction term and δ the error correction 

coefficient. In the study, the stability of the variables used in the ARDL bounds test was 
checked with a serial correlation test and a heteroskedasticity test. In contrast, the CUSUM 
and CUSUMSQ tests were used to investigate the stability of the ARDL model.
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4. Results and Discussion

4.1. Unit Root Test Results

In studies using time series, a unit root test should be performed to determine the sta-
tionarity of the variables before testing the existence of the cointegration relationship. 
In this study, AugmentedDickey–Fuller (ADF) and Phillips–Perron (P.P.) unit root tests, 
frequently used in the literature, were used to test the stationarity of the variables, and 
the stationarity results are presented in Table 1. According to the test results, GDP, CPU, 
L.B., and FDI variables are stationary at the first difference I(1), and the F.D. variable is 
stationary at the level I(0). The ADF and P.P. unit root test results show that the ARDL 
method can evaluate both short-term and long-term relationships between variables.

Table 1. ADF and P.P. Unit Root Test Results

ADF PP
LNGDP -0.4896(0.9784) -0.6759(0.9659)
DLNGDP -3.8337(0.0290) ** -3.5410(0.0535) **
LNCPU -0.3830(0.8999) -0.3830(0.8999)
DLNCPU -5.3051(0.0002) *** -6.7634(0.0000) ***
LNLB -0.8682(0.9468) -0.8682(0.9468)
DLNLB -3.5967(0.047) ** -3.5967(0.047) **
LNFD -5.8615(0.0002) *** -5.9889(0.0002) ***
FDI -2.5775(0.2923) -2.1665(0.4900)
DFDI -5.9151(0.0002) *** -8.2096(0.000) ***

Note: **, *** indicate 5% and 10% significance, respectively.

4.2. Cointegration Testing Results

Table 2 shows the estimation results showing the cointegration relationship of the varia-
bles in the ARDL model. Accordingly, the estimated values of the F-test and the critical 
values were compared, and it was seen that the calculated F statistical value (22,23) was 
more significant than the critical values. In this case, it can be interpreted that there is a 
cointegration relationship between the variables.

Table 2. Results of cointegration bound test.

K F statistic Lower limit 5% Upper limit 5%
4 22.23 2.56 3.49

4.3. Long-Run and Short-Run Estimates 

Table 3 shows the results of the long and short-term ARDL model. While economic growth 
(GDP) was used as the dependent variable, the total labor force (L.B.), foreign direct 
investments (FDI), and financial development index (F.D.) were used as independent 
variables in the study.
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Table 3. Long-Run and Short-Run Results (4,4,4,4,4)

Variables Coefficient Std. Error T-Statistic Prob.
Long Term Estimation
LN(CPU) 0.2057 0.0516 3.9833 0.0576***
LN(LB) 1.6523 0.2723 6.0676 0.0261**
LN(FD) 0.0593 0.0108 5.4873 0.0316**
FDI 0.3221 0.0958 3.3610 0.0783***
Note: **, *** indicate 5% and 10% significance, respectively.
Statistical Tests
R2 0.999 F-statistic 4280.928

Adj R2 0.999 Prob(F-statistic) 0.0002

Log-likelihood 155.4449
Short term Dynamics
LN(GDP(-1)) -0.5841 0.0762 -7.6632 0.0166
LN(GDP(-2)) 0.3854 0.0605 6.3682 0.0238
LN(GDP(-3)) 0.9486 0.0759 12.4920 0.0063
LN(CPU) 0.0292 0.0026 11.2272 0.0078
LN(CPU(-1)) -0.1561 0.0072 -21.4995 0.0022
LN(CPU(-2)) -0.1306 0.0065 -19.9090 0.0025
LN(CPU(-3)) -0.1008 0.0073 -13.6889 0.0053
LN(LB) 1.8967 0.2158 8.7854 0.0127
LNLB (-1)) 3.9769 0.3639 10.9264 0.0083
LNLB (-2)) -1.9027 0.1854 -10.2629 0.0094
LNLB (-3)) -1.6971 0.1648 -10.2945 0.0093
LN(FD) 0.0226 0.0015 14.9632 0.0044
LN(FD(-1)) -0.0218 0.0016 -13.5495 0.0054
LN(FD(-2)) -0.0422 0.0020 -20.8897 0.0023
LN(FD(-3)) -0.0530 0.0037 -14.1660 0.0049
(FDI) 0.0226 0.0015 14.9632 0.0044
(FDI(-1)) -0.0218 0.0016 -13.5495 0.0054
(FDI(-2)) -0.0422 0.0020 -20.8897 0.0023
(FDI(-3)) 0.0530 0.0037 -14.1660 0.0049
ECM(-1)* -0.8924 0.0412 -21.6106 0.0021

According to the results in Table 3, a statistically significant and positive relationship 
was found between climate policy uncertainty and economic growth in the U.S. On the 
one hand, mass production increased with the intensification of mechanization after the 
Industrial Revolution. On the other hand, urbanization, changes in the consumption struc-
ture, and population growth increased the daily need for energy. Along with globalization, 
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the desire for more economic growth in all countries, especially the developed ones, has 
increased the need for energy. The energy need is mostly met by fossil fuels such as coal, 
oil, and their derivatives (Donaghy, 2023: 2). Although the U.S. is an essential country for 
renewable energy sources, it still uses fossil fuels in most of its production today. The study 
results show that the uncertainties in the climate policy during the sampling period in the 
U.S. put the use of alternative sources in the background. In other words, uncertainties in 
climate policy in the U.S. increase carbon emissions, and the reason for increasing carbon 
emissions can be expressed as increased economic activity. As a result, environmental 
emissions and, accordingly, economic growth increase. In short, the study shows that the 
dynamics that provide growth in the U.S. are carbon-intensive sectors, and the predominance 
of carbon-intensive sectors in economic growth explains the lack of complete certainty in 
climate policy and the positive relationship found at the end of the study. The study findings 
are consistent with those of Memiş and Aydın (2023) and Pao and Tsai (2011).

The other variable whose effect on economic growth is examined in the study is the 
total labor force. A positive and statistically significant relationship was found between 
the total labor force and economic growth. In this context, the fact that the U.S. has a 
high labor force in the period examined contributes to the increase in employment and 
economic growth by reducing the cost of the labor force.

Another variable whose effect on economic growth is examined is foreign direct in-
vestments. The study found a positive and statistically significant relationship between 
foreign direct investments and economic growth. The increase in foreign direct investments 
increases production and positively contributes to economic growth.

Financial development is the last variable whose effect on economic growth is examined 
in the study. In the results obtained, a statistically significant and positive relationship was 
found between financial development and economic growth. Countries with a financially 
developed system have more efficient markets and make it easier for investors to shift 
their resources from traditional sectors to modern ones. Thus, investments directed toward 
more productive areas positively affect economic growth.

In addition, the value of R2 was found to be 0.99 in the study. This value shows that 
approximately 99% of the economic growth in the study can be explained by the selected 
independent variables. Finally, if the F test is significant, our model is meaningful. The 
error correction coefficient (ECT(-1)) in Table 2 for the short-term obtained as a result of 
the study was found to be -0.89, as expected, and it is statistically significant.

4.4. Diagnostic Tests

Table 4 includes the Breusch-Godfrey and Breusch-Godfrey LM Tests that were conducted 
to check the ARDL estimation results. While the Breusch-Godfrey test investigates the 
problem of autocorrelation between variables, the Breusch-Godfrey LM test investigates 
the problem of heteroskedasticity. Accordingly, according to the Breusch-Godfrey test, 
it is seen that there is no autocorrelation problem among the variables, and according to 
the Breusch-Godfrey LM test, there is no heteroscedasticity problem.
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In Figure 1, the CUSUM test, which expresses the cumulative sum of consecutive 
errors, and the CUSUM of Squares test, which expresses the square of the cumulative 
sums of consecutive errors, are expressed. Accordingly, it can be said that the parameters 
are stable within the critical limits at the 5% significance level.

Table 4. Diagnostic checking of the ARDL model.

Test F-statistic Prob. 
Breusch- Godfrey LM Test 0.2109 0.7259
Breusch- Godfrey Test 0.1427 0.9960

𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡=𝑓𝑓 (𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡, 𝐿𝐿𝐿𝐿𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡, 𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡,)                                                                                         (1)  

𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝛼𝛼0 + 𝛼𝛼1𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡 + 𝛼𝛼2𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡 + 𝛼𝛼3𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡 + 𝛼𝛼4𝐹𝐹𝐺𝐺𝑡𝑡 + 𝜀𝜀𝑡𝑡                              (2) 

 

Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖
𝑝𝑝
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝
İ=1 Δ𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + 𝜆𝜆1𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−1 + 𝜆𝜆2𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−1 + 𝜆𝜆3𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−1 +

𝜆𝜆4𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−1 + 𝜆𝜆5𝐹𝐹𝐺𝐺𝑡𝑡−1 + 𝜀𝜀𝑡𝑡                                                                                                                       (3)  

 
Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝜑𝜑0 + ∑ 𝜑𝜑1𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑2𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐶𝐶𝐺𝐺𝐶𝐶𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑3𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑡𝑡−𝑖𝑖 +

∑ 𝜑𝜑4𝑖𝑖𝑝𝑝−1
İ=1 Δ𝐿𝐿𝐿𝐿𝐹𝐹𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝜑𝜑5𝑖𝑖

𝑝𝑝−1
İ=1 Δ𝐹𝐹𝐺𝐺𝐹𝐹𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐶𝐶𝐸𝐸𝑡𝑡−1 + 𝜀𝜀𝑡𝑡          
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Figure 1. Cusum and Cusum of Square Test Results

5. Conclusions

In recent years, climate change has been expressed as one of the most essential disasters 
discussed by the whole world. In this context, many scientists state that all countries 
should take measures to eliminate the effects of climate change and draw attention to this 
issue. Climate change policies of countries should be stable and long-term. However, in 
this way, the policies implemented by countries in the fight against climate change are 
of great importance in preventing this problem. In this context, the study examines the 
relationship between climate policy uncertainty and economic growth in the USA with 
the help of the ARDL bounds test with annual data for the period 1990-2020.

In the study, Climate policy uncertainty (CPU) is represented by the climate policy 
uncertainty index calculated by Gavrilidis (2021) based on newspaper reports on the 
U.S.’s leading emissions regulations, global strikes, and the U.S. president’s statements 
on climate change. In addition, total workforce, foreign direct investments, and financial 
development were used as control variables in the study, and the effects of these variables 
on economic growth were examined. The study results show that the relationship between 
climate policy uncertainty and economic growth in the U.S. is positive and statistically 
significant. Many developed countries, such as the U.S., want to increase their economic 



Burcu Savaş Çelik, Başak Özarslan Doğan. Does Uncertainty in Climate Policy Affect Economic growth? 

53

growth rates daily and need more energy. Although the U.S. is an essential country in using 
alternative energy sources, today, it mostly meets the energy it needs from fossil fuels. In 
this context, the study results show that the dynamics that provide growth in the U.S. are 
carbon-intensive sectors. Thus, the predominance of carbon-intensive sectors in economic 
growth explains the lack of certainty in climate policy and the positive relationship found 
at the end of the study. In addition, the study found that total workforce, foreign direct 
investments, and financial development had a positive and statistically significant effect 
on economic growth. It is necessary to introduce new economic models to combat climate 
change. It is seen that some economic models that have been applied so far and continue 
to be applied are insufficient.

In line with the results obtained from the study, some policy suggestions can be offered 
to policymakers:

• First, climate changes and the climate policies put forward against these changes 
are effective in all sub-branches of the economy. However, it is understood that 
the applicability of these climate policies should be increased, and policymakers 
should internalize the issue.

• In addition, specific practices need to be disseminated locally and internationally, 
covering various areas such as agricultural activities resulting from climate change, 
minimizing disaster risk, ecosystems, water, and waste management.

• In addressing climate change and the uncertainties arising from it, governments and 
policymakers should consider social factors, as well as macroeconomic factors. At 
this point, public awareness on this issue should be increased, and practices that 
allow sectors that cause climate change to be less preferred should be implemented.

• Finally, it is thought that changes in climate policy uncertainty should be prioritized 
in the economic models put forward by governments, considering their direct effects 
on country economies. Only in this way will the uncertainties in climate policy 
become more accessible to governments and policymakers.

Although the study is thought to make significant contributions to the literature, it 
also has some limitations. The most important limitation of the study is that the climate 
policy uncertainty index variable is calculated only for the United States. Calculating the 
variable in question in other countries in the coming years will allow for a comparative 
analysis between countries.
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