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This study investigates the influence of agricultural expansion, 
technological innovation, and forest cover on Vietnam's economic 
development. To accomplish this, the research considers data 
from 1990 to 2020. Empirical estimation utilizes the Augmented 
Dickey-Fuller (ADF) test for unit root testing, the Johansen Juselius 
test for co-integration, and the Fully Modified Ordinary Least 
Square (FMOLS), Dynamic Ordinary Least Square (DOLS), and 
Canonical Co-integration Regression (CCR) for long run coefficient 
estimation. In CCR, FMOLS, and DOLS regressions, the study 
reveals a significant and positive impact of forest cover and 
technological innovations on economic development, whereas 
agriculture growth has no significant impact on economic 
development in Vietnam across all three specifications. The study 
recommends that the government formulate and implement 
stringent policies to preserve forest wealth and promote research 
and development activities to achieve sustainable economic 
development. 

Keywords: Technological innovations; agriculture growth; forest 
cover; economic development; FMOLS; DOLS; Canonical Co-
integration regression. 
 
 
 
 
 
 
 
 
 

1. Introduction 

Economic development refers to an economy's profound 

structural transformation. Economic development transforms 

low-income and basic economies into industrialized, modern 

economies. It is the process of augmenting people's living 

standards, independence, and self-esteem to improve their 

quality and capabilities (Akram, Siddiqui, Nawaz, Ghauri, & 

Cheema, 2011; Todaro & Smith, 2020). In contrast, economic 

growth is defined as the long-term expansion of an economy's 

productive capacity required to meet the requirements of its 

citizens. The sustainable economic growth of a country is a 

prerequisite for economic development because it positively 

impacts the employment rate and the national income, thereby 

raising the living standards of the community (Bhatti & 

Nawaz, 2020; Mohamed, Liu, & Nie, 2021). 

Significant factors, such as government expenditures, 

population, education, health, institutions, human capital, and 

natural resources, are cited in the literature as influencing 

economic development. The significance of natural resource 

capital for economic development has been consistently 

acknowledged over the years, and forest capital's positive 

impact on economic growth in any economy has been 

extensively documented. Forests are one of the most 

significant natural resources present in every nation. Forest-

covered regions provide the region for resource extraction, 

tree harvesting, and wildlife hunting (Chien, Kamran, et al., 

2022; Oyetunji, 2019; Shah, Hussain, Nawaz, & Iqbal, 2021). 

However, it remains unclear what role forest cover plays in 

the growth of an economy. Regarding option value, direct use 

value, positive externality, existence value, etc., forest 

resources contribute considerably to economic value (Chien, 

Pantamee, et al., 2021; Pak, Türker, & Öztürk, 2010). The 

more forest areas and resources an economy has, the more 

productive its forestry sector and the greater the income 

generated from the extraction of precious and non-precious 

wood (Chien, Sadiq, et al., 2021; Zhang, Tang, & Boamah, 

2022). In addition, forest cover positively affects economic 

growth by increasing labor employment and income (Li, Mei, 

& Linhares-Juvenal, 2019). In addition, oil extraction, forest 

resource, and mineral resource rents substantially contribute 

to economic expansion. Forest resources are also closely 

associated with a reduction in destitution. Forests and tree 

systems sustain levels of welfare by primarily assisting 

households to increase their income and meeting their 

requirements in terms of food, health, and humanistic values 

(Chien, Hsu, Zhang, Vu, & Nawaz, 2022; Xiang et al., 2021; 

Zhang et al., 2022). 

However, forests also have some negative consequences on 

economic development. Forest cover and resources are 

associated with the resource curse hypothesis predominantly 

due to the inefficiency of the forestry industry, which results 

in unexpected industrial benefits (Liu, Yao, & Liu, 2015). The 

Dutch Disease is also associated with forest resources. The 

primary source of revenue for regions with abundant forest 

resources is the export of forest products. However, when 

international trade conditions are unfavorable, exporting 

countries may experience a significant decline in income. The 

finite supply of natural resources must also be considered, 

policies must be devised, and natural resource rents must be 

utilized to stimulate the economy and enhance the business 

climate (Hanif, Bakar, & Nawaz, 2022; Zhang et al., 2022). 
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Similarly, no one can refute that agriculture plays a 

preeminent and crucial role in sustaining economic growth. 

Its importance in the economic development of industrialized 

countries has been widely acknowledged, and it also plays an 

essential role in the development of developing nations. In 

other words, agriculture or other primary industries are 

prioritized in economies with limited income. It is argued that 

agriculture is the economy's backbone by providing basic 

ingredients and raw materials for industry and humanity. This 

sector creates jobs, provides raw materials to industry, ensures 

agricultural security, and generates foreign exchange (Hanif, 

Nawaz, Fazal, & Ibraheem, 2022; Van Huong et al., 2022). 

Agriculture is the source of food for all countries in the globe. 

The agriculture sector's contribution to increasing food supply 

is essential for a nation's economic growth. 

Additionally, agriculture plays a significant function in the 

capital formation of countries. The agriculture sector is also a 

source of employment and income for rural households, and 

as agriculture grows, so does the income of rural households, 

leading to an increase in demand and a rapid acceleration of 

industrialization. Economic growth is impossible without 

expanding the agricultural sector (Hussain, Bhatti, Nawaz, & 

Ahmad, 2019; Praburaj, Design, & Nadu, 2018). 

In the same context, technological innovation is also a 

significant factor in economic growth. Innovation is "any 

activity that aims to create new or improved goods 

(including services), marketing methods, processes, or 

business organizations." It is defined as "the thriving 

exploitation of novel ideas" that includes technological, 

scientific, organizational, and financial activities that lead 

to new product and service provision (Jianjun et al., 2021; 

Mohamed, Liu, & Nie, 2022). Innovation encompasses 

institutional, theoretical, technological, ecological, and 

cultural innovation. In a contemporary economy, 

technological innovations are essential for economic 

growth, value creation, and employment at the regional, 

national, and enterprise levels. Through market value and 

productivity, technological innovation promotes the 

development of society and industry, and it is also essential 

for avoiding economic recession (Wusiman & 

Ndzembanteh, 2020). Innovations also result in the 

formation of new businesses and enhance the 

competitiveness of existing businesses. Importantly, it 

assists a nation in attaining its goals by increasing output 

by enhancing input productivity, which can only be 

accomplished by inventing new products or industrial 

processes. Therefore, innovation significantly contributes 

to a nation's long-term productivity and consistent 

economic growth (Khan & Nawaz, 2010; Washima, 2019). 

Considering the abovementioned arguments, this study aims 

to investigate the impact of technological innovations, 

agricultural growth, and forest cover on Vietnam's economic 

development from 1990 to 2020. Vietnam is a fascinating 

case study because it is one of Southeast Asia's lower-

middle-income countries and is considered one of the 

world's emergent nations. Vietnam ranks 23rd and 36th in 

purchasing power parity and nominal gross domestic 

product, respectively. Vietnam's GDP amounted to 

$369.494 billion in 2019, but its development rate is not 

constant and fluctuates significantly over time. Agriculture, 

services, and industry are Vietnam's three primary economic 

sectors (Mirza, Abbas, & Nawaz, 2020). The agriculture 

sector accounts for 15.3% of the annual GDP. About 38.6% 

of the workforce is employed in the agricultural sector. 

However, agriculture's status as the most significant 

industry is diminishing. In Vietnam, the services and 

manufacturing sectors produce more than agriculture. 

However, agriculture continues to supply industries and 

export sectors with basic materials. Vietnam's primary 

agricultural products include rice, coffee, maize, tea petals, 

pepper, cassava, sweet potato, and cashew nut. As a result, 

Vietnam still holds the top position among agricultural 

nations (Linh et al., 2019; Mohsin, Kamran, Nawaz, 

Hussain, & Dahri, 2021). 

About two-thirds of Vietnam's total geographical area is 

covered by forests. However, the forest cover continuously 

decreases due to a swiftly expanding population illegally 

clearing forests for agriculture. Approximately 24 million 

people reside near or in forests and rely on these resources 

for their subsistence, leading to wood exploitation. Forest 

assets are essential for both people's livelihoods and the 

country's economic development, but excessive 

exploitation of forest resources may be one of the reasons 

for the country's economic stagnation (Luong, 2014; 

Nawab, Bhatti, & Nawaz, 2021). Moreover, if the 

economic growth rate is inconsistent, it is imperative to 

improve domestic innovative capabilities to increase 

economic development. Figure 1 demonstrates that, 

thankfully, the Vietnamese government is adopting 

initiatives to increase technological innovation. 

 
Figure 1: Loss in forest cover area from 2002 to 2023 in Vietnam 
Source: Global Forest Watch (2023) 
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Figure 2: Technological Innovations in Vietnam from 1990 to 2020 period. 
Source: WDI (2023) 
 

By empirically estimating the role of forest cover, 

technological innovations, and agriculture growth, this 

study makes the following contributions to the body of 

knowledge: First, despite numerous studies on the role of 

technological innovations, forest cover, and agriculture 

growth in economic growth or development, the number 

of studies analyzing the role of these factors in Vietnam's 

economic development is nearly nonexistent. Second, to 

our knowledge, these nexuses have never been empirically 

evaluated using CCR, FMOLS, or DOLS estimations. The 

findings of this research can be effectively utilized by 

policymakers in Vietnam and other developing nations to 

address economic development issues. 

The remainder of the investigation is organized as follows:  

The second section examines existing research. The third 

section provides data and employs estimation techniques. 

The fourth section includes results and discussions. The 

fifth section concludes with policy recommendations. 

2. Existing Literature 

To create a thorough and comprehensible review, we 

divide the literature into three distinct strands: The first 

section examines the relationship between forest cover and 

economic growth. The second thread examines the 

literature on technological innovations and economic 

development, while the third examines the connection 

between agriculture and economic development. 
2.1 Forest Cover and Economic Development / Economic 
Growth 

Numerous studies on the relationship between forest cover 

and economic growth or development have been 

published, but they do not provide sufficient evidence for 

a conclusion. Some researchers believe that abundant 

forest resources will aid economic development, whereas 

others argue that forestation can result in economic 

instability. For example, Oyetunji (2019) analyzed the 

function of forests in Nigeria's economic development 

from 1990 to 2015. The study utilized the ARDL 

estimation method, which revealed forests' positive and 

insignificant function in economic development. Naidoo 

(2004) estimated the impact of forests on economic growth 

in seventy nations. Regression analysis revealed a negative 

relationship between forests and economic growth, as 

countries with a high forestation rate had a low economic 

growth rate, whereas countries with a high deforestation 

rate had a higher economic growth rate. Likewise, Xie, 

Irfan, Razzaq, and Dagar (2022) estimated the impact of 

forest and mineral resource volatility on economic 

performance. Using ARCH, TARCH, and EARCH 

approaches for empirical estimations, the study 

demonstrated the unidirectional causality between mineral 

and forest resources and economic performance, 

demonstrating that forests and mineral resources contributed 

positively to economic performance. Similarly, Zhang et al. 

(2022) also estimated the relationship between forest 

resources and economic development in the Yangtze River 

Delta from 2007 to 2019. Using a spatial econometric 

approach, it was discovered that forest resources had a U-

shaped relationship with economic development, i.e., forest 

resources generated benefits for regional economic 

development. Hernawati (2010) examined the relationship 

between deforestation and household incomes in Indonesia 

using primary data from 1998 to 2004. A Spatial 

Econometric estimation method discovered a U-shaped 

non-linear relationship between deforestation and 

household incomes. Initially, as deforestation increased, 

household income decreased, but after a certain threshold 

was crossed, household income began to rise, and 

deforestation increased. In the case of Vietnam, Tru (2018) 

analyzed the key determinants of economic development, 

such as the added value of agriculture and the forest and 

fishery sectors. The results of the ARDL method indicated 

that the forest and fishery sectors and the value added to 

agriculture had a significant positive impact on Vietnam's 

economic growth. 

Hence, we formulate the first hypothesis of the study as 

follows: 

H1: Forest cover has a significant impact on economic 

development in Vietnam. 
2.2 Technology Innovations and Economic Development / 
Economic Growth 

Second, the literature is replete with studies on the 

relationship between technological innovation and 

economic growth. In the current era of globalization, 
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differences in technological innovation between nations 

characterize disparities in income inequality and economic 

growth. Technological and scientific innovations enable 

businesses and individuals to use technology more 

effectively, reducing costs and increasing production 

(Mohamed et al., 2021; Nawaz, Hussain, & Hussain, 

2021). Among the studies examining the relationship 

between technological innovation and economic growth or 

economic development, Adak (2015) estimated the impact 

of technological innovations on Turkey's economic 

growth. The study's OLS estimation method revealed the 

positive impact of technological innovation on Turkey's 

economic growth. Mohamed et al. (2022) estimated the 

relationship between technological innovation and 

economic development using a panel of developing 

nations from 1990 to 2018. The authors estimated using 

the ECM method. The study revealed long-term and short-

term positive effects of technological innovation on 

economic growth. 

Furthermore, bidirectional causality was found between 

technology innovations and economic development in the 

long run, whereas short-run causality ran from technology 

innovations to economic development. Mohamed et al. 

(2021) analyzed the impact of innovations and foreign 

direct investment on Egypt's economic development from 

1990 to 2019. Using the ARDL Co-integration method, the 

study determined that technological advancements harmed 

economic growth. Using panel data from 19 European 

countries, Maradana et al. (2017) analyzed the relationship 

between innovations and economic growth from 1989 to 

2014. Granger Causality analysis revealed a bidirectional 

and unidirectional causal association between various 

innovations and economic growth indicators. Pece, 

Simona, and Salisteanu (2015) estimated the effect of 

technological innovations on economic growth in Central 

and Eastern European countries from 2000 to 2013. Using 

regression analysis, the findings indicated that innovations 

contribute positively to economic development. In 

Pakistan, Saeed and Awan (2020) analyzed the impact of 

technological advances on the country's economic growth 

as measured by R&D and innovation. The authors used the 

ARDL estimation method, which revealed the positive 

impact of research, development, and innovation on 

Pakistan's economic growth. 

Thus, we formulate the second hypothesis of the study: 

There is a significant impact of technological innovations 

on economic development. 

2.3 Agriculture Growth and Economic Development 

Similar to the relationship between forest cover and 

economic growth and development, the relationship 

between agriculture and economic growth and 

development remains controversial, particularly in 

developing nations that rely heavily on the agriculture 

sector for their economic sustenance (Nawaz et al., 2021; 

Runganga & Mhaka, 2021). Awan and Aslam (2015) 

analyzed the impact of agricultural productivity on 

Pakistan's economic development from 1972 to 2012. The 

ARDL Co-integration method was used to determine long- 

and short-term estimates. It was discovered that 

agricultural expansion contributed positively to economic 

expansion. Ansari and Jadaun (2022) estimated the 

relationship between agricultural growth and economic 

development in India from 1991 to 2020. The ARDL 

estimation method was also utilized in the study to 

demonstrate the positive impact of agricultural 

productivity in India. Runganga and Mhaka (2021) 

examined the role of the agricultural growth-economic 

growth relationship from 1970 to 2018 using data from 

Zimbabwe. The ARDL estimation method indicated a 

positive influence of agriculture productivity on growth in 

the short run, but no significant impact was observed in the 

long run. In continuation, Chaudhary and Mishra (2021) 

investigated the relationship between economic growth 

and agriculture in Nepal. The findings disclosed that the 

agriculture sector's contribution to economic development 

has diminished. Izuchukwu (2011) investigated the 

relationship between agriculture and economic 

development in Thailand from 1961 to 2009. Using OLS 

and Granger causality techniques, the authors determined 

that agriculture positively influenced the country's 

economic development. In Thailand, there was also a 

bidirectional causal relationship between them. 

Thus, the third hypothesis of the study is formulated as 

follows: 

H3: Agricultural growth has a significant effect on 

economic development in Vietnam. 

2.4 Research Gaps 

The comprehensive evaluation of the prior literature 

revealed several significant gaps that require the 

attention of researchers. First, despite extensive 

literature on the relationships between agriculture 

growth, forest cover, technological innovations, and 

economic development, the empirical estimation of 

these relationships in Vietnam has been neglected. To 

the best of our knowledge, except for Tru (2018), no 

study has ever explored the relationship between 

agricultural growth, forest sector growth, and economic 

growth in Vietnam. In addition, the significance of 

technological innovations in Vietnam's economic 

growth has never been studied. Second, the earlier time 

series studies, such as Tru (2018), have utilized ARDL 

bound testing extensively for empirical analysis. Again, 

to our knowledge, previous researchers have never 

examined the impact of the abovementioned variables 

on economic development using the FMOLS, DOLS, 

and Canonical regression methods. Therefore, the 

current study seeks to fill in these research gaps and 

contributes significantly to the literature regarding 

Vietnam's economic development. 

3. Data and Methodology 

The study's primary aim is to analyze the effect of 

technological innovations, agricultural growth, and forest 

cover on economic development in Vietnam from 1990 to 

2020. For this purpose, the study considers GDP per capita 

as the measurement of economic development following 
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(Su, Li, Tao, & Lobonţ, 2019). The model for empirical 

assessment is specified as follows: 
ED= f (TINOV, AGR, FCOV)                                           (1) 

While its econometric form is given as: 
𝐸𝐷𝑡 = 𝛽0 + 𝛽1𝑇𝐼𝑁𝑂𝑉𝑡 + 𝛽2𝐴𝐺𝑅𝑡 + 𝛽3𝐹𝐶𝑂𝑉𝑡 + 𝜇𝑡             (2) 

Where TINOV denotes technological innovations, AGR 

shows agriculture growth, and FCOV shows forest cover. t 

denotes the time subscript, and μ shows the disturbance term. 

The measurement and their data sources of variables are 

provided in Table 1 below. 

Table 1: Operational Definitions of Study Variables and their Data Source 

Variables Measurement Data Source 

Economic Development GDP per capita constant (2015 US$) WDI 

Technological Innovations Number of patents, residents WDI 

Agriculture Growth Agriculture value added (% of GDP) WDI 

Forest Cover Forest area (square km) WDI 

WDI= World Development Indicator 

 

3.1 Estimation Techniques 

Unit root test 

Applying criteria for stationarity or unit roots is the first 

step in empirical analysis. Unit root or stationarity tests 

disclose the order of variables' integration. Before 

applying the chosen estimation methods, all study 

variables must be integrated in order 1, i.e., I(1). The order 

of integration of 1 is also required for co-integration and 

estimation of long-run coefficients. Also, the FMOLS, 

DOLS, and CCR methods require that none of the series 

be integrated in order 2. To apply FMOLS, DOLS, and 

CCR regressions, it is necessary to determine that all series 

have an integration order of 1 and that no series has an 

integration order of 2. For this purpose, the current study 

employs the ADF test, which implies that all series are AR 

(1) processes. 

FMOLS and DOLS Estimations 

The present analysis uses three distinct estimation 

approaches to calculate long-run coefficient estimates. 

Among these techniques are the CCR by Park (1992) and 

FMOLS and DOLS by Pedroni (2001). The FMOLS and 

DOLS methods employ parametric and nonparametric 

methodologies, respectively. In addition, they are 

dependable estimators for long-term evaluation due to 

their enhanced capacity to resolve serial correlation and 

endogeneity issues. Certain adjustments are made to the 

traditional OLS estimator to develop the FMOLS 

estimator, which enables the FMOLS estimation method to 

assess the co-integration relationship. It generates the same 

problems of endogeneity and serial correlation as the 

conventional OLS method and is incapable of addressing 

them. 

Regarding addressing endogeneity and serial correlation 

issues for computing long-run coefficients and co-

integration, FMOLS is preferable to other estimation 

techniques (Valenzuela, Rojas, Pomares, & Rojas, 2019). 

In addition, DOLS estimation is an efficient method for 

time series estimation because it can address the non-

stationarity issue in a parametric estimation that addresses 

the autocorrelation problem by including lagged values in 

the model. DOLS estimation has the following advantages 

over FMOLS estimation: (i) the ability to use limited 

sample sizes (ii) the presence of dynamic factors (iii) the 

ability to resolve refractions in a static regression; (iv) the 

applicability in the presence of multiple variables (You, 

Khattak, & Ahmad, 2022). 

The following Equations 3 and 4 present FMOLS and 

DOLS, respectively 

∅̂ = [
𝛽

𝛾̂
] = (∑ 𝑍𝑡𝑍𝑡

′𝑇
𝑡=2 ) (∑ 𝑍𝑡𝑦𝑡

+ − 𝑇 [ +12

0

𝜆 ]𝑇
𝑡=2 )                   (3) 

Where Zt is (X′t, D′t). The FMOLS estimation analysis 

mainly relies on the long-run covariance matrix. 
𝑦𝑡 = 𝑥𝑡

′𝛽 + 𝐷𝑖𝑡′𝛾1 + ∑ ∆𝑋𝑡+𝑗 + 𝑣𝑖𝑡
𝑟
𝑗=𝑞                                 (4) 

Because of the orthogonal co-integration error term 

equation, the DOLS estimation approach augments co-

integration analysis while considering both the lags and 

leads Δ' Xt. 

Canonical Co-integration Regression 

In contrast to the FMOLS approach, CCR utilizes a 

stationary adaptation method to resolve the long-term 

correlation between the co-integration equation and 

stochastic regression errors. It generates square estimates 

with an asymptotically normal distribution. This estimator 

eliminates endogeneity and corrects for asymptotic bias 

caused by synchronous correlation among regressors (You 

et al., 2022). Moreover, the CCR estimation method relies 

exclusively on regression (Park, Shin, & Whang, 2010). 

This is an essential and effective strategy for fitting the 

linear regression component. Therefore, the most difficult 

aspect of the asserted method is precisely identifying lags 

and lead orders. The estimation of the CCR is given in 

equation (5) below: 
𝑦𝑡

∗ = 𝛽𝑝𝑞
′ 𝑧𝑝𝑞𝑡

∗ + 𝜇𝑝𝑞𝑡
∗                                                           (5) 

The above equation shows that z* pqt  and y* t  both are 

stationary transformations of zpqt and yt, respectively. 

4. Results and Interpretation 

The variables' descriptive statistics are illustrated in 

Table 2. Among all survey variables, forest cover has 

the highest mean or average value, while agriculture 

growth has the lowest value, according to these 

statistics. According to standard deviation statistics, 

forest cover has the highest standard deviation value, 

while agricultural growth has the lowest. The data range 

for forest cover is the greatest, while the data range for 

agricultural growth is the smallest. In addition, the 

Jarque-Bera test for normality reveals that only 

technological advancements and agricultural growth 

have normally distributed data. 
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Table 2: Descriptive Statistics 

Data Series Average or Mean Std.Deviation Minimum value Maximum value J-B test 

ED 1722.2 811.60 673.38 3352.06 2.370 
TINOV 250.483 264.24 22.000 1021.00 7.373*** 
FCOV 124032.1 16082.58 93759.60 146430.9 1.996 
AGR 22.526 6.6771 13.574 40.485 6.649*** 

 

Before proceeding with the estimation of the relationship 

between forest cover, technology innovations, agriculture 

growth, and economic development, unit root or stationary 

tests are used to determine the integration order of the 

variables, as this information is crucial for selecting the 

most suitable estimation approach for long run coefficient 

estimation. The Augmented Dickey-Fuller (ADF), the 

most common unit root test, is used for this purpose. Table 

3 displays the corresponding findings. According to the 

results, all variables are unit root and stationary after the 

difference at the level. 

Since the ADF test revealed that all series are integrated of 

order 1, there is a possibility of a long-run co-integration 

relationship between variables. Before estimating the long-

term relationship, we evaluate it using the Johansen Co-

integration test. The results are presented in Table 4. We 

can reject the null hypothesis of no co-integration based on 

Trace and Maximum Eigen Values statistics, as the 

probability values are less than 0.05. In both trace statistics 

and maximal Eigen statistics, the results indicate the 

presence of at least three cointegrating equations. 

Table 3: Stationarity or Unit Root Findings 

Series ADF Test   

 Level First Difference Decision 

ED 7.412 -3.625*** I(1) 
TINOV 4.6558 -4.8444*** I(1) 
FCOV -0.624 -5.447*** I(1) 
AGR -2.797 -5.6708*** I(1) 

Table 4: Johansen Co-integration Test Findings 

Cointegrating Equations ED = f (TINOV,FCOV, AGR)  

 Trace Max  Eigenvalues 

None 
92.058*** 
(0.000) 

51.649*** 
(0.000) 

At most 1 
40.409*** 
(0.0021) 

18.598 
(0.1090) 

At most 2 
21.810*** 
(0.0049) 

16.064*** 
(0.0257) 

At most 3 
5.745*** 
(0.0165) 

5.745*** 
(0.0165) 

 

The FMOLS, DOLS, and CCR results are listed in Table 5 

below. Surprisingly, we find that the significance and 

signatures of the coefficients are identical across all three 

specifications, whereas the sizes of the coefficients vary 

slightly across regressions. First, we discover that 

technological innovation positively and significantly 

impacts Vietnam's economic development. In FMOLS, 

DOLS, and CCR regressions, economic development 

increases by 1.75, 2.17, and 1.88 units for each unit increase 

in technological innovation. Thus, we conclude that 

adopting technological innovations is a significant means of 

fostering economic growth in Vietnam. The result suggests 

that innovation generates new enterprises and enhances the 

competitiveness of existing ones. Significantly, innovation 

helps an economy achieve its goals by increasing output 

through enhanced input productivity, which can only be 

achieved by inventing new products or manufacturing 

techniques (Washima, 2019). The study finding is in line 

with several previous studies, including Bakpa, Xuhua, and 

Aboagye (2021) for Ghana, Wusiman and Ndzembanteh 

(2020) for Turkey and Malaysia and (Washima, 2019) for 

Sri Lanka but in contrast to Shukla (2017) and Rahman, 

Suwitho, Oh, and Purwati (2019) as negative association 

between economic growth and technology innovations was 

observed unexpectedly for India and high innovative 

countries respectively. 

Table 5: Findings of DOLS, FMOLS, and CCR 

            Series                                  FM-OLS                                                  D-OLS                                                    CCR 

 Coefficients Prob value Coefficients Prob value Coefficients Prob value 

AGR 5.222 0.5660 -12.656 0.2402 -0.0888 0.9928 
TINOV 1.751*** 0.000 2.171*** 0.000 1.885*** 0.000 
FCOV 0.0258*** 0.000 0.0131*** 0.011 0.022*** 0.0003 

C 2042.1*** 0.0088 75.999 0.9221 -1544.8** 0.0843 

          R2 value                                    0.989                                                      0.998                                                     0.988 
Adjusted R2  value                              0.988                                                      0.998                                                     0.986 

 

The results of the three specifications disclose the long-

term contribution of forest cover to economic growth. 

Regarding the coefficients, we discover that forest cover 

increases economic development by 0.025, 0.013, and 

0.022 units in FMOLS, DOLS, and CCR, respectively. The 

conclusion is plausible because forest area in Vietnam is 

associated with the provision of subsistence for numerous 

rural communities (Sunderlin & Huynh, 2005). Poor 
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people in remote rural areas often rely heavily on natural 

forests' products and environmental services for their 

subsistence. Moreover, forest cover is associated with 

employment creation, foreign exchange, exports, 

industries, tourism, the provision of sustenance minerals 

and timber, and wildlife, which are significant 

determinants of a country's economic development 

(Oyetunji, 2019). Previously, there have been several 

studies that conclude the positive role of forest cover in 

economic development, such as Oyetunji (2019) for 

Nigeria, (Jaunky & Lundmark, 2016) for a panel of 22 

countries, and Tru (2018) for Vietnam. However, the study 

of Naidoo (2004) contradicts our conclusion as it reveals a 

negative association between forestation and economic 

development in a panel of 70 countries. 

Contrary to our third hypothesis of the study, which 

assumes a considerable impact of agricultural growth on 

economic development, the estimated results indicate that 

agriculture has a negligible impact on Vietnam's economic 

development. This is a surprising finding that is supported 

by the research of Uma, Eboh, and Obidike (2013) and 

Ugwu and Kanu (2012) for Nigeria, who find that 

agriculture contributes minimally in terms of foreign 

exchange, capital transfer and formation, and output, as a 

result of poor policy coordination, policy instability, poor 

mismanagement and implementation of policies, and a 

lack of transparency. Another possible explanation for the 

finding is that various agricultural leaders' political 

pledges, policies, and programs lacked a realistic approach 

that could increase agricultural productivity (Uma et al., 

2013). According to Awan and Aslam (2015) for Pakistan 

and Ansari and Jadaun (2022) for India, agriculture 

positively influences the economic development of their 

respective nations. 

5. Conclusion and Recommendations of the 
Study 

Given the widely acknowledged importance of 

technological innovations, forests, and agriculture sectors 

to the growth of any economy, the existing literature lacks 

empirical estimates of these factors about Vietnam's 

economic development. To address this gap in the 

literature, the primary objective of this study is to estimate 

the role of technological innovations, forest cover, and 

agricultural expansion in Vietnam's economic 

development. To this purpose, the study considers World 

Development Indicator data from 1990 to 2020. Based on 

the Johansen Juselius Co-integration test findings, 

empirical estimation is conducted using FMOLS, DOLS, 

and CCR regressions, as the study variables are found to 

be integrated of order 1 and have long-run relationships. 

According to all three estimates, the study's findings 

indicate that agriculture growth has no significant effect on 

economic development, whereas technology innovations 

and forest cover play a significant, positive role in 

Vietnam's economic development. Thus, the study 

concludes that technological innovations and forest cover 

can play a dominant role in augmenting Vietnam's 

economic development, whereas the agriculture sector 

requires additional government attention due to its 

insignificance in the country's economic development. 

The study findings result in several valuable 

recommendations for the Vietnamese government and 

policymakers. There is a need for policymakers to 

consolidate the technological innovations in Vietnam's 

economic development, which requires the formulation 

and implementation of a rigorous policy agenda. For this 

reason, the Vietnamese government should expand the 

industrial sector that engages in innovative activities more 

frequently. Or, to put it another way, there must be more 

opportunities for innovative concepts supporting high-tech 

product development. Government assistance in the form of 

increased funding for research and development in 

innovations is also required. The findings also demonstrate 

the positive contribution of forest cover area to economic 

development. To prevent deforestation, the study suggests 

that the Vietnamese government should formulate and 

implement policies to preserve forests from illegal tree 

cutting. The Vietnamese government must increase funding 

for the forest sector to increase its productivity. Rural 

communities should be educated on the significance of forests 

to prevent the unsustainable exploitation of forest resources. 

As with all investigations, some limitations must be 

addressed in future research. Due to data availability, the 

study only considers the effects of forest cover, 

agricultural expansion, and technological advancements 

on economic development. Future research must consider 

additional relevant aspects of economic growth, such as 

capital formation, industrialization, trade, employment, 

etc. The effects of agriculture employment, research and 

development, and deforestation on economic development 

can also be considered. Different country groups can also 

be considered, such as developing countries, developed 

countries, ASEAN countries, BRICS countries, and N-11 

countries. In conclusion, future research may employ 

various methodological techniques, such as ARDL, CS-

ARDL, AMG, CCEMG, VAR, VECM, etc., to generate 

more reliable results. 
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