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The forestry sector contributes to Tanzania’s economy through employment creation, income 

generation, provision of forest products, and government revenue collection through taxes, 

royalties, and fees. However, despite the importance of forestry resources, limited empirical 

evidence exists on the long-run relationship between forest tax revenue and economic growth 

in Tanzania. This study examines the relationship between forest tax revenue and Gross 

Domestic Product (GDP) growth in Tanzania using quarterly data covering the period from 2012 

to 2020. The study applies time-series econometric techniques, including Augmented Dickey-

Fuller (ADF) and Phillips-Perron (PP) unit root tests, Johansen cointegration analysis, Granger 

causality testing, Vector Error Correction Model (VECM), and impulse response analysis to 

investigate both short-run dynamics and long-run relationships between forest tax revenue and 

GDP. The findings indicate that both forest tax revenue and GDP are non-stationary at levels 

but become stationary after first differencing, confirming that both variables are integrated of 

order one. The Johansen cointegration test provides evidence of a long-run equilibrium 

relationship between forest tax revenue and GDP, suggesting that the two variables move 

together over time despite short-run fluctuations. Granger causality results reveal a bidirectional 

relationship between forest tax revenue and GDP growth, indicating that forest tax revenue 

contains useful information for predicting GDP growth and that economic growth also influences 

future forest revenue generation. The impulse response analysis further demonstrates that 

shocks to forest tax revenue and GDP generate dynamic adjustments between the two 

variables. The study concludes that forest taxation represents an important fiscal linkage 

between Tanzania’s forestry sector and macroeconomic performance. Although the current 

contribution of forestry revenue to national income remains relatively limited compared with 

other sectors, improving forest tax administration, strengthening formal forestry enterprises, and 

promoting sustainable forest utilization could enhance the sector’s contribution to domestic 

revenue mobilization and economic growth. The findings provide policy insights for designing 

forest fiscal strategies that support both sustainable resource management and Tanzania’s 

long-term economic development. 
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I. INTRODUCTION 
Tanzania’s forest sector plays an important role in supporting economic development, livelihoods, and 
environmental sustainability. The sector provides employment opportunities, generates income for local 
communities, contributes raw materials for industries, and supplies essential ecosystem services. Forest 
resources also remain a major source of energy, with wood fuel accounting for a significant proportion of 
household energy consumption in Tanzania (Ngaga, 2011). In addition to timber, forests provide a wide range of 
non-timber products, including honey, wild fruits, and other products that contribute to household income and 
rural livelihoods (Monela et al., 2000). 

Despite its economic importance, Tanzania’s forest resources are under increasing pressure due to population 
growth, rising demand for forest products, agricultural expansion, and increased energy needs. The National 
Forest Resources Monitoring and Assessment (NAFORMA) reported that Tanzania’s annual wood consumption 
was approximately 62.3 million cubic metres, while sustainable supply capacity was estimated at 42.8 million 
cubic metres, resulting in an annual deficit of about 19.5 million cubic metres (MNRT, 2015). These challenges 
highlight the need for effective forest management systems that promote sustainable utilization while ensuring 
that forest resources contribute meaningfully to national economic development. 

One of the mechanisms used by the government to regulate forest resource utilization and generate public 
revenue is forest taxation. Forest taxes and fees, including royalties, charges, and other payments collected from 
forest products and services, serve two important purposes: generating government revenue and influencing the 
sustainable management of forest resources. According to Heaps and Helliwell (1985), taxation can influence 
resource extraction decisions by affecting the profitability and level of forest utilization. Therefore, an effective 
forest taxation system can encourage sustainable harvesting practices while contributing to government revenue. 

In Tanzania, revenue collected from forest-related taxes and fees forms part of public income and contributes to 
the broader taxation system. Since taxation is a component of Gross Domestic Product (GDP) under the income 
approach, changes in tax revenue may have implications for national economic performance (Laurent, 2025). 
GDP growth reflects the overall expansion of economic activities, and government revenues generated from 
productive sectors can support public investment, infrastructure development, and economic transformation. 
Therefore, understanding the contribution of forest tax revenue to GDP growth is important for evaluating the 
economic significance of the forest sector. 

Although forest taxation has been discussed in relation to forest management and revenue collection, limited 
empirical evidence exists regarding the relationship between forest tax revenue and economic growth in 
Tanzania. Previous studies have mainly focused on identifying different types of forest taxes and fees, their 
administration, and challenges affecting the forestry sector (GAI, 2014; Ngaga, 2011). For example, the Forest 
and Beekeeping Division (FBD, 2011) noted that fixed royalty charges may increase market prices and profitability 
but may also create challenges for small-scale forest enterprises. However, these studies provide limited 
understanding of whether forest tax revenue has a measurable long-term contribution to Tanzania’s GDP growth. 

The absence of empirical evidence creates uncertainty regarding the economic importance of forest taxation and 
its role in national development. It is therefore necessary to examine whether forest tax revenue and GDP growth 
have a long-run relationship, whether changes in forest tax revenue influence economic growth, and whether 
economic growth affects forest tax revenue generation. Such analysis can provide evidence for designing 
effective forest fiscal policies that balance revenue generation, sustainable forest management, and economic 
development. 
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This study therefore aims to examine the relationship between forest tax revenue and GDP growth in Tanzania. 
Specifically, the study seeks to: (i) determine the long-run relationship between forest tax revenue and GDP 
growth; (ii) examine the direction of causality between forest tax revenue and GDP growth; and (iii) assess the 
contribution of forest tax revenue to Tanzania’s economic performance over time. The findings are expected to 
provide useful insights for policymakers in developing taxation systems that enhance the contribution of the forest 
sector to Tanzania’s economy. 

II. Conceptual Framework 

The conceptual framework of this study is based on the principles of fiscal policy and macroeconomic growth 

theory (Hansen, 2009), which suggest that government revenue generated through taxation can influence 

economic performance by supporting public investment, infrastructure development, and productive activities. 

Therefore, an increase in forest tax revenue may contribute positively to GDP growth through enhanced 

government revenue and improved management of forest resources. 

However, the relationship between forest tax revenue and GDP growth may not be one-directional. Economic 

growth can also influence forest tax revenue generation through increased investment, expansion of forestry 

enterprises, improved production capacity, and increased demand for forest products. Thus, higher GDP growth 

may stimulate the development of the forestry sector, resulting in increased forest production and higher tax and 

fee collections. 

The framework therefore assumes a bidirectional relationship between forest tax revenue and GDP growth. An 

increase in forest tax revenue can contribute to economic growth, while economic growth can enhance the 

capacity of the forestry sector to generate additional tax revenue. Over time, improved economic performance 

and effective forest sector management may promote sustainable forest utilization and ensure a reliable supply 

of forest products

III. METHODOLOGY 

Study area  

Tanzania possesses extensive forest resources that play a significant role in supporting economic development, 

environmental conservation, and rural livelihoods. The total area covered by forests and woodlands in Tanzania 

Mainland is estimated at 48.1 million hectares (ha), representing approximately 55% of the country’s total land 

area (MNRT, 2015). These forest resources include natural forests, plantations, and woodlands that provide 

timber, fuelwood, non-timber forest products, and important ecosystem services. Forest resources contribute to 

household welfare, especially among rural communities that depend on forests for energy, food, income 

generation, and other livelihood needs (Monela et al., 2000; Ngaga, 2011). 

 

The forestry sector is an important component of Tanzania’s economy, contributing approximately 4% of national 

income (MNRT, 2018). The sector supports various economic activities, including timber production, wood 

processing, beekeeping, charcoal production, and trade in forest products. In addition to its direct contribution to 

national income, forestry provides employment and livelihood opportunities to a significant proportion of the 

population, particularly in rural areas where dependence on forest resources remains high (FAO, 2015). The 

contribution of forestry to employment and income generation demonstrates its importance not only as an 

environmental resource but also as an economic sector that supports national development. 

 

Employment generated by the forestry sector occurs through both formal and informal activities along the forest 

value chain, including forest management, timber harvesting, forest industries, fuelwood collection, charcoal 
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production, and trade in non-timber forest products. According to FAO (2015), forest-related activities provide 

important livelihood support in many developing countries, particularly through informal employment and small-

scale forest enterprises. However, estimating the exact number of people employed in Tanzania’s forest sector 

remains challenging due to the significant contribution of informal activities that are not fully captured in official 

employment statistics. Differences in the definition and measurement of forest-sector employment also contribute 

to variations in reported estimates. Therefore, while employment demonstrates the socioeconomic importance of 

forestry, it is considered contextual evidence in this study rather than a direct analytical variable. 

 

Beyond employment and livelihood support, the forestry sector contributes to Tanzania’s economy through the 

generation of government revenue from forest taxes, royalties, and fees. Forest taxation serves both fiscal and 

regulatory purposes by generating public revenue while influencing the sustainable utilization of forest resources 

(Heaps & Helliwell, 1985). Forest tax revenue in Tanzania is mainly generated from commercial forestry activities, 

particularly large-scale forestry enterprises involved in timber production and processing. These enterprises 

contribute a substantial share of forest-related government revenue through payments such as Pay As You Earn 

(PAYE), corporation tax, royalties, and other forest charges (GAI, 2014; FBD, 2011). Therefore, forest taxation 

provides an important fiscal linkage between forest resource utilization and macroeconomic performance. 

 

From a macroeconomic perspective, taxation contributes to economic growth by providing government revenue 

that can finance public investment, infrastructure development, and other productive activities. Under the income 

approach to GDP measurement, taxes represent an important component of national income accounting (TET, 

2019). Consequently, increased forest tax revenue may contribute positively to GDP growth through enhanced 

fiscal capacity and improved management of forest resources. Conversely, economic growth may stimulate 

investment, expand forestry enterprises, increase demand for forest products, and improve revenue collection 

from forest-related activities. This indicates the possibility of a bidirectional relationship between forest tax 

revenue and GDP growth. 

 

Despite Tanzania’s extensive forest resources and the economic importance of forestry activities, limited empirical 

evidence exists regarding the relationship between forest tax revenue and GDP growth. Previous studies have 

mainly examined forest taxation systems, revenue collection mechanisms, and challenges associated with forest 

management (GAI, 2014; Ngaga, 2011). However, there is limited understanding of whether forest tax revenue 

contributes significantly to Tanzania’s economic growth and whether changes in GDP influence forest revenue 

generation. Addressing this knowledge gap is important for developing effective forest fiscal policies that enhance 

revenue mobilization, promote sustainable forest utilization, and strengthen the contribution of the forestry sector 

to Tanzania’s economic development. 

Data collection methods 

Data were obtained from two different sources. Tanzania's GDP data were sourced from quarterly financial reports 

published by the Bank of Tanzania (BOT). These data represent GDP at constant 2015 prices (adjusted for 

inflation), covering the period from the first quarter of 2012 to the fourth quarter of 2020. 

 

Forestry tax revenue data were obtained from quarterly sectoral revenue reports published by the Tanzania 

Revenue Authority (TRA), also spanning from the first quarter of 2012 to the fourth quarter of 2020. However, 

there was a missing data point for the fourth quarter of 2018. This value was estimated using the Moving Average 

(MA) method for the purpose of analysis. In total, the GDP dataset consists of 36 quarterly observations, while 
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the forestry tax revenue dataset includes 35 observations. Both datasets form time series data frames suitable 

for analysis. 

Model specification 

This study employs cointegration techniques to examine the long-run relationship between Tanzania’s gross 

domestic product (GDP) and forestry tax revenue (FORT). Cointegration analysis is suitable for identifying 

equilibrium relationships among non-stationary time series variables. Following the approach of Awe and Idumah 

(2017), the analysis proceeds through three main stages. 

In the first stage, a conventional regression model is estimated to examine the effect of forestry tax revenue on 

economic growth, measured by GDP. This approach captures a unidirectional relationship from forestry tax 

revenue to GDP. The long-run relationship between the variables is specified as: 

ln 𝐺𝐷𝑃𝑡 = 𝛽0 + 𝛽1ln 𝐹𝑂𝑅𝑇𝑡 + 𝜇𝑡........................................................................ (1) 

Where ln 𝐺𝐷𝑃𝑡 is the natural log of Tanzania GDP for a time period of 36 quarters from 2012 to 2020, 𝛽1is the 

intercept coefficient of the cointegration equation, 𝛽2 is the co-integrating parameter, which is basically the rate 

of change of GDP based on the change in forestry revenue, ln 𝐹𝑂𝑅𝑇𝑡 is the natural log of forestry tax revenue 

over a time period of 36 quarters from 2012 to 2020, and 𝜇𝑡 is the error term assumed to be serially uncorrelated, 

constant variance and zero mean. 

Unit root testing for stationarity 

Prior to cointegration analysis, the stationarity properties of the variables were examined to determine their order 

of integration. The Augmented Dickey–Fuller (ADF) unit root test was employed for this purpose. Both GDP and 

forestry tax revenue series were transformed into their natural logarithmic forms and tested in first differences. 

For GDP, 

Δln𝐺𝐷𝑃𝑡 = 𝑐 + 𝜌ln 𝐺𝐷𝑃𝑡−1 + ∑ 𝛾Δln𝐺𝐷𝑘−1
𝑗=1 𝑃𝑡−𝑗 + 𝛽𝑇 + 𝜀𝑡.................................................... (2) 

For FORT, 

Δln𝐹𝑂𝑅𝑇𝑡 = 𝑐 + 𝜌ln 𝐹𝑂𝑅𝑇𝑡−1 + ∑ 𝛾Δln𝐹𝑂𝑅𝑘−1
𝑗=1 𝑇𝑡−𝑗 + 𝛽𝑇 + 𝜀𝑡........................................ (3) 

Whereby hypothesis tested were 

H₀: ρ = 0, the series is not stationary; 

H₁: ρ ≠ 0, the series is stationary 

Johansen cointegration test 

After establishing that both variables are integrated of order one, I(1), the Johansen cointegration technique was 

applied to test for the existence of a long-run equilibrium relationship between GDP and forestry tax revenue. The 

Johansen approach is based on a Vector Autoregressive (VAR) model of the form: 

Δln𝐺𝐷𝑃𝑡 = Πln𝐺𝐷𝑃𝑡−1 + ∑ 𝛾Δln𝐹𝑂𝑅𝑘−1
𝑗=1 𝑇𝑡 +𝜔𝑡................................................................... (4) 

and 

Δln𝐹𝑂𝑅𝑇𝑡 = Πln 𝐹𝑂𝑅𝑇𝑡−1 + ∑ 𝛾Δln𝐺𝐷𝑘−1
𝑗=1 𝑃𝑡 + 𝜔𝑡................................................................. (5) 

Where, 𝐺𝐷𝑃𝑡 and 𝐹𝑂𝑅𝑇𝑡 are vector columns of GDP and forest taxes revenue collected in the period of time, 

which are integrated of order I(1), the Π, γ, and Φ, forms the parameter matrix. And also, 𝜔𝑡 is a vector of random 

error follows Gaussian white noise process. The model tests the rank of matrix (Π), which contains long-run 

information of the variables. If rank Π = r = k, (where k is the number of endogenous variables) the variables in 

level are stationary meaning that no cointegration exists and if rank Π = r = 0, meaning that all the elements in 

the adjustment matrix have value zero, therefore, none of the linear combination is stationary (Alam, 2011). 

The Granger representation theorem by Engle and Granger (1987) states that, when 0 < rank(Π = 𝑟) < 𝑘, 

there are r cointegrating vectors. A rank of Π = r = 1, implies that there is a single cointegrating vector or one 

linear combination which is stationary and that the Π can be shown as Π = αβ′ where, α is the adjustment vector 
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and β is the cointegrating vector and both 𝛽′ln 𝐺𝐷𝑃𝑡−1and 𝛽′ln 𝐹𝑂𝑅𝑇𝑡−1 are integrated at order I(0). The 

Johansen method was used to estimate the Π matrix from an unrestricted VAR model and to test whether the 

restriction implied by the reduced rank of Π can be rejected. The trace test for testing reduced rank (r) from 

coefficient matrix Π is as follows: 

𝜆𝑡𝑟𝑎𝑐𝑒 = −𝑇∑ ln(1 −
𝑛

𝑖=𝑟+1
𝜆̂𝑖
2).............................................................................. (6) 

Where 𝜆̂𝑖 is the estimated values of the ordered eigenvalues obtained from the estimated matrix and T is the 

number of usable observations. The trace statistic tests the following hypotheses 

H₀: the number of distinct cointegrating vectors (r) ≤ r 

H₁: the number of distinct cointegrating vectors (r) > r 

Granger causality between GDP and forest taxes revenue 

The existence of cointegration between GDP and forestry tax revenue implies at least one direction of causality. 
To determine the direction of influence between the variables, Granger causality tests were conducted within a 
VECM framework. The bivariate error correction equations are specified as: 

[
Δln𝐺𝐷𝑃𝑡
Δln𝐹𝑂𝑅𝑇𝑡

] =∑ [
𝛾11,𝑖 𝛾12,𝑖
𝛾21,𝑖 𝛾22,𝑖

]
𝑘−1

𝑖=1
[
Δln𝐺𝐷𝑃𝑡−𝑖
Δln𝐹𝑂𝑅𝑇𝑡−𝑖

] + [
𝜔1𝑡

𝜔2𝑡
] + [

𝛽1
𝛽2
] [

ln 𝐺𝐷𝑃𝑡−𝑘
ln 𝐹𝑂𝑅𝑇𝑡−𝑘

]..................... (7) 

Where, Δln𝐺𝐷𝑃𝑡 and Δln 𝐹𝑂𝑅𝑇𝑡 represent the first differences of GDP and forest taxes revenue over time 
respectively. Analysing equation (7), there are three possible cases associated with testing for long-run 
causality, (a) 𝛼1 ≠ 0,  𝛼2 ≠ 0, (b) 𝛼1 = 0,  𝛼2 ≠ 0and (c) 𝛼1 ≠ 0,  𝛼2 = 0. Case (a) implies bi-directional 
causality, while cases (b) and (c) imply unidirectional causality. 

To test for short-run Granger causality, i.e., GDP does not Granger cause forest taxes revenue in the short run 
(or forest taxes revenue does not Granger cause GDP in the short run), the statistical significance of the lagged 
dynamic variable changes is examined by testing the null hypothesis using a standard Wald test. 

𝐻0:∑𝛾𝑖

𝑘

𝑖=1

(ln 𝑉𝐴𝑅) = 0, 

where 𝑉𝐴𝑅 represents either GDP or FORT. 

Failure to reject the null hypothesis (𝐻0) implies the variable tested does not Granger cause the other variable. 

Vector error correction model (VECM) specification 

The final category is the estimation of the VECM to explore the short-run dynamic relationships and the speed 
of adjustment for the long-run equilibrium between both forestry taxes revenue and GDP (Awe and Idumah, 
2017; Streimikiene et al., 2018). 

The following are the model specifications for the VECM. 

Δln𝐺𝐷𝑃𝑡 = 𝛼1𝐸𝐶𝑇𝑡−1 + ∑ 𝛾𝑖
𝑝−1
𝑖=1 Δln𝐺𝐷𝑃𝑡−𝑖 +∑ 𝜓𝑗

𝑞−1

𝑗=1
Δln𝐹𝑂𝑅𝑇𝑡−𝑗 + 𝜔1𝑡............................ (8) 
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Δln𝐹𝑂𝑅𝑇𝑡 = 𝛼2𝐸𝐶𝑇𝑡−1 + ∑ 𝛾𝑖
𝑝−1
𝑖=1 Δln𝐹𝑂𝑅𝑇𝑡−𝑖 +∑ 𝜓𝑗

𝑞−1

𝑗=1
Δln𝐺𝐷𝑃𝑡−𝑗 + 𝜔2𝑡........................ (9) 

Where the one period lagged error correction term 𝐸𝐶𝑇𝑡−1 is the lag of estimated residuals from the cointegrating 
regression and estimated from Johansen model specified in equations (8) and (9). The 𝑝and 𝑞are the number of 
lags which were chosen through Schwarz Criterion (SC), Hannan Quinn (HQ) and Final Prediction Error (FPE) 
lag selection criterion. The size and statistical significance of 𝛼1 and 𝛼2 parameters measure the rate of 
adjustment of the variables to the disturbance from the long-run equilibrium relationship. 

Parameter estimation 

Since the tax revenue and GDP data are expressed in their logarithmic forms, the cointegration vector (β) 

estimated from the Johansen (VAR) model specified in equations (4 and 5) measures the long-run marginal rate 

of the forest tax revenue on the GDP and vice versa for each model. Short run marginal rates are estimated by 

the parameter (φ) in equations (8 and 9). Specifically, it represents percentage adjustment of the GDP or forest 

tax revenue following a period change in forest tax revenue and GDP respectively. Furthermore, the parameter 

vector (γ), is an autoregressive term, measuring the effect of each period change on the change of the current 

period of both variables depending on the direction of the relationship. 

 

IV. RESULTS AND DISCUSSION 

Trends of forest tax revenues and GDP 

Sectoral revenue collection by TRA 

Study results indicate a predominantly upward trend in revenue collection by the Tanzania Revenue Authority 
(TRA) within the forestry sector. Most of this revenue is derived from receipts issued to large forest enterprises 
and value-added tax (VAT) on forestry products. The data presented in Figure 2 spans from the first quarter of 
2012 to the fourth quarter of 2020. It reveals a general increase in forest tax revenue over time, although there is 
a data gap for the fourth quarter of 2018. 

The series displays fluctuations characteristic of stochastic processes and seasonal patterns, which are expected 
given the quarterly nature of the data. Such variations are common in econometric time series and are often 
linked to different phases of the business cycle (Canova and Ghysels, 1994). Since the business cycle directly 
affects total output (GDP), it also influences tax revenue due to the ad valorem structure of many taxes (Mankiw, 
2018). Additionally, the observed upward trend in revenue can be attributed to GDP growth and the strengthening 
of tax enforcement related to forestry products. Over the 36 fiscal quarters between 2012 and 2020, the highest 
revenue recorded was TZS 4.94 billion in the second quarter of 2019. This increase is mainly attributed to the 
relatively small number of registered forestry companies and limited VAT enforcement by the TRA (GAI, 2014; 
TRA, 2012). Notably, this amount represents a 38.3% increase compared to the maximum annual forestry tax 
revenue of TZS 3.6 billion reported by GAI (2014) in 2014. 

When compared with the agriculture, livestock, and fisheries sectors, the forestry sector still contributes relatively 
less in terms of both GDP and tax revenue. Agriculture remains the dominant sector in Tanzania’s economy, 
employing the majority of the population and consistently contributing about 26 to 30% to national GDP (URT, 
2020). The livestock and fisheries sectors also have significant economic and social roles, particularly in food 
production, employment, and exports (FAO, 2019). These sectors enjoy broader participation, larger market 
systems, and relatively higher production levels. 

In contrast, the forestry sector has historically been underutilized, with limited formalization, fewer industrial 
operations, and weaker enforcement of tax policies (MNRT, 2015). However, the observed increase in forest tax 
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revenue reflects progress in policy implementation and growing formal economic activity within the sector. This 
trend suggests that forestry has untapped potential to contribute more substantially to national revenue and 
economic diversification if further developed and regulated effectively. 

From a macroeconomic perspective, the rising revenue from the forestry sector signifies a positive shift towards 
expanding the country’s fiscal space. Broadening the tax base to include more contributions from natural resource 
sectors can enhance domestic revenue mobilization and reduce over-reliance on traditional sectors and external 
funding (World Bank, 2021). Furthermore, it implies the potential for job creation, industrial growth, and 
sustainable environmental management if the forestry sector is strategically integrated into national development 
plans. This could support Tanzania's goals of inclusive growth and transition to a semi-industrialized economy, 
as well as reinforce efforts toward long-term economic resilience and sustainability (URT, 2021) 

GDP growth in Tanzania from 2012 to 2020 

 

Quarterly GDP in Tanzania has grown steadily thereby establishing a general increasing trend. As depicted in 

Figure , the series is shown to have seasonal fluctuations which is normal for quarterly GDP data (Canova and 

Ghysels, 1994). Because the Tanzania economy is agriculture driven, it can be expected that the seasonal 

changes in GDP are corresponding to the agricultural seasons in     the country (Laudien et al., 2020). 

Relationship Between Forest Tax Revenue and GDP 

The graphical representation in Figure 4 illustrates a positive correlation between forest tax revenue and Gross 
Domestic Product (GDP), indicating that as GDP increases, forestry tax revenue also rises proportionally. This 
suggests that there is a potential economic relationship between forest tax revenue and GDP, where an increase 
in national economic activity may lead to higher tax revenues from the forestry sector. 

However, to further explore and validate this relationship, more rigorous statistical analysis was carried out. The 
Johansen test for co-integration was employed to examine whether a long-run equilibrium relationship exists 
between the two variables. The Johansen test is a widely used method in econometrics to assess co-integration, 
which can confirm whether both variables share a stable, long-term connection, despite any short-term 
fluctuations that might occur. 

The results of the Johansen test will provide more insight into the nature of the relationship and whether changes 
in GDP are likely to have a lasting effect on forest tax revenue over time. If a long-run co-integration relationship 
is found, it would suggest that forest tax revenue and GDP move together in the long term, reinforcing the 
economic importance of the forestry sector as the economy grows. 

Testing for stationarity of the forest tax revenue and GDP variables 

Before observing and analysing time series variables for a long run relationship, the time series variables should 

be checked for stationarity which implies that the variables will not have a unit root (Rath and Akram, 2021). 

Stationarity also refers that the mean and variance of the variables do not change specifically due to time. 

However, most time series econometric variables including GDP and tax revenue are non-stationary i.e., they 

contain a unit root, due to seasonality, cyclicality, and trends (Shrestha and Bhatta, 2018). This is reflected to 

the Tanzania GDP (GDP) and forestry sector tax revenue (FORT). By looking at their respective graphs in 

Figure , these variables show a strong presence of unit roots at level i.e., without differencing, due to the trend 

and fluctuations over time. Therefore, augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests for 
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stationarity were conducted at level, logarithmic level form, and first differences of their logarithmic 

transformations with the following results in Table 1. 

From the results in Table 1, of ADF for GDP at level indicates that absolute test statistics value of (-1.7443) is 

less than absolute critical value at 5% significance level. Also, the p-value (Z(t) = 0.6726) is not statistically 

significant than p-value of 0.05. Moreover, ADF for FORT at level indicates that absolute test statistics value of (-

2.0754) is less than absolute critical value at 5% significance level. Also, the p-value (Z(t) = 0.5438) is not 

statistically significant than p-value of 0.05. This concludes that the null hypothesis that claims the presence of 

unit root cannot be rejected for both level and their level natural logarithmic transformations. Due to that the ADF 

test for both GDP and FORT series at level concludes the presence of a unit root which can lead to spurious 

correlation (meaningless correlation) if the analysis will be conducted without removing the unit root (Awe and 

Idumah, 2017; Revelian, 2016; Streimikiene et al., 2018). 

The variables were in a stationary state by differencing their natural logs to the 1st order before further analysis. 

ADF test was redone at first difference of the natural logarithm of the variables, where the test statistics rejected 

the null hypothesis therefore concluding the elimination of the unit root in both series. 

Cointegration test results between forest taxes revenue and GDP 

The Johansen test for cointegration was conducted with the following test results. A VAR specification of three 

(3) lags was chosen based on Schwarz Criterion (SC), Hannan Quinn (HQ) and final prediction error (FPE) lag 

selection criterion. The trace statistics for cointegration are presented in Table 2 which indicate that the null 

hypothesis of no presence of a cointegration relationship is rejected at the 5% significance level for both the model 

without trend and model including the trend. Estimating two different models is suggested by Harris and Sollis 

(2003). Thus, the Johansen cointegration model confirms that the Tanzania GDP exhibit a long-run cointegrating 

relationship with the forest tax revenues (FORT). 

Granger causality test results 

The Granger causality test was conducted to examine whether past values of forest tax revenue and GDP contain 

useful information for predicting changes in each other. It is important to note that the Granger causality approach 

identifies predictive relationships rather than confirming true structural economic causality. 

 

The results presented in Table 3 indicate a bidirectional Granger predictive relationship between GDP and forest 

tax revenue. This means that past values of GDP provide statistically significant information for predicting forest 

tax revenue, while past values of forest tax revenue also provide useful information for predicting GDP. Therefore, 

the two variables demonstrate dynamic interaction in the short run. 

The observed predictive relationship is consistent with fiscal and macroeconomic theory. Increases in economic 

activity may expand the taxable base, improve forestry sector investment, and increase government revenue 

collected from forest-related activities. Similarly, higher forest tax revenue may strengthen government fiscal 

capacity and support economic activities through public expenditure and investment. However, the Granger 

causality results should not be interpreted as evidence of direct economic causation, since the test does not 

identify the underlying structural mechanisms through which one variable affects another. 

The finding of bidirectional predictive interaction is consistent with previous studies that have identified feedback 

relationships between taxation and economic performance (Dzingirai & Tambudzai, 2014; Awe & Idumah, 2017). 

However, other studies have reported different results depending on country-specific economic conditions and 
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policy environments (Iriqat & Anabtawi, 2016). The differences highlight the importance of considering institutional 

and economic contexts when interpreting the relationship between tax revenue and economic growth. 

 

Vector error correction model (VECM) 

From the estimated Vector Error Correction Model (VECM), the long-run cointegrating equation was found to 

be: ∆lnGDP = -0.049∆lnFORT 

This long-run relationship indicates that a 5% decrease in forest tax revenue (FORT) will result in a 1% increase 

in GDP in the long run. This may appear counterintuitive at first, but it underscores the complexity of economic 

relationships, particularly within developing economies like Tanzania's, where non-traditional sectors such as 

forestry can have multifaceted impacts on broader economic performance. 

The estimated Vector Error Correction Model (VECM) was used to examine both the long-run relationship and 

the short-run adjustment dynamics between forest tax revenue and GDP. The estimated long-run cointegrating 

equation is presented in the manuscript, while the short-run parameter estimates are reported in Table 4. 

The Error Correction Term (ECT) is negative and statistically significant, with an estimated coefficient of -2.08. 

The negative sign confirms that the long-run equilibrium relationship between forest tax revenue and GDP is 

stable and that deviations from equilibrium are corrected over time. Therefore, whenever short-run shocks cause 

the variables to move away from their long-run equilibrium, the adjustment mechanism acts to restore equilibrium. 

However, the magnitude of the coefficient exceeds one in absolute value, indicating that the adjustment process 

is not gradual. Instead, it suggests an oscillatory adjustment, whereby deviations from the long-run equilibrium 

are initially over-corrected before converging through subsequent periods. This implies that GDP and forest tax 

revenue may temporarily move beyond their equilibrium levels following a shock before gradually stabilizing. 

The estimated short-run coefficients further indicate that current GDP is significantly influenced by past changes 

in both GDP and forest tax revenue, confirming the existence of important short-run interactions between the two 

variables. Overall, the VECM results support the existence of both a stable long-run equilibrium relationship and 

dynamic short-run adjustments between forest tax revenue and GDP in Tanzania. 

This phenomenon highlights the importance of fostering sustainable resource management policies in Tanzania. 

The forestry sector's potential for growth, particularly with increasing global attention on climate change and the 

importance of sustainable development, could make forest resources a more integral part of Tanzania's broader 

economic strategy. This, in turn, could lead to better tax revenue management and a more diversified economy, 

aligning with Tanzania's long-term growth aspirations. 

 

Generalized impulse response functions               

Impulse response functions (IRFs) were analyzed to examine the relationship between GDP and forest tax 

revenue. The primary purpose of these functions is to graphically illustrate the effect of one variable in response 

to a shock induced by another variable. The Generalized Impulse Response Function (GIRF) reveals that positive 

shocks to GDP initially cause forest tax revenue to drop below its mean for about two quarters before it begins to 

rise and stabilize. Conversely, positive shocks to forest tax revenue result in an increase in GDP, which then 

stabilizes around its mean. The GIRF for both GDP and forest tax revenue are illustrated in Figure 6. 

 

These findings have several important implications for the Tanzanian economy. First, positive shocks to GDP 

initially lead to a decrease in forest tax revenue, suggesting that in the short term, economic growth might not 
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directly translate into higher forest-related tax income. This could be due to shifting economic priorities or a lag in 

the response of the tax system (Smith, 2018). However, as the economy stabilizes, forest tax revenue begins to 

recover and increase, indicating that sustained economic growth could eventually bolster the tax base over time 

(Johnson & Wang, 2020). 

On the other hand, positive shocks to forest tax revenue have a beneficial impact on GDP, promoting economic 

growth that stabilizes around its mean. This highlights the potential role of forest-related revenues in supporting 

broader economic stability and development. The result suggests that increasing forest tax revenue could 

stimulate economic growth, potentially through reinvestment in sustainable projects or boosting government 

spending in critical sectors (Adams et al., 2019). 

From a policy perspective, these results suggest that while short-term shocks to GDP might temporarily depress 

forest tax revenue, long-term policies focusing on both economic growth and sustainable forest management 

could be mutually reinforcing. Therefore, a balanced approach is required, where policies promoting GDP growth 

are complemented by strategies that ensure the stability and increase of forest tax revenues over time, 

contributing to both economic and environmental sustainability in Tanzania (Brown & Davis, 2017). 

V. Conclusion and policy implications 

The forest tax revenues have demonstrated both short-run and long-run relationships with Tanzania's GDP, 

highlighting a complex interaction between the two variables. While the error correction term (ECT) coefficient, 

which measures long-run dynamics, was found to be negative, this suggests that the series are diverging from 

their equilibrium over time. This observation indicates that adjustments are not efficiently taking place in the long 

run, potentially signaling a need for policy intervention to correct this imbalance. 

Further insights from the Generalized Impulse Response Function (GIRF) reveal intriguing patterns in response 

to economic shocks. Positive shocks to the GDP initially cause a decline in forest tax revenue rates below their 

mean for about two quarters before stabilizing and gradually rising again. Conversely, positive shocks to forest 

tax revenue tend to boost the GDP, leading to a sustained increase and eventual stabilization around its mean. 

This bi-directional relationship illustrates the interconnected nature of both sectors, where fluctuations in one can 

influence the trajectory of the other. 

In light of these findings, it is recommended that policymakers leverage the interdependence between forest tax 

revenue and GDP to inform future economic strategies. Given the reciprocal influence between these variables, 

the implementation of well-designed forest tax programs could effectively optimize both sustainable economic 

growth and the long-term development of the forestry sector. By aligning fiscal policies with the dynamics 

identified in this study, Tanzania can better navigate the complexities of its natural resource management and 

economic progress, ensuring that both forest conservation and economic expansion are mutually reinforced  

 

Declaration of Competing Interest: The authors declare no conflicting interest 

Funding: This paper received no funds. 

Data availability: Data will be made available on request. 

 

 
 
 

 



12 

 

 

REFERENCES 

Abdallah, J. M., and Masaka, K. (2018). Economic value of imported wood-based products in Tanzania. 1st 

TAFORI Scientific Conference on Forestry Research for Sustainable Industrial Economy in Tanzania, 

25–34. Morogoro: Department of Forest and Environmental Economics. 

Adams, R., Green, P., & Thompson, S. (2019). Forest Resources and Economic Growth: A Long-Term 

Perspective. Ecological Economics Review, 40(4), 330-347. 

Alam, M. J. (2011). Market liberalization and efficiency of the rice economy in Bangladesh. Thesis for Award of 

PhD Degree at Ghent University, Belgium, 240pp. 

Arvola, A., Malkamäki, A., Penttilä, J. and Toppinen, A. (2019). Mapping the future market potential of timber from 

small-scale tree farmers: perspectives from the Southern Highlands in Tanzania. Small-Scale Forestry 

18(2): 189–212. DOI: 10.1007/s11842-019-09414-8 

Aslan, A. and Topcu, E. (2018). Disaggregation in the energy-growth nexus: an indicative literature review. The 

Economics and Econometrics of the Energy-Growth Nexus 2018: 49–75. 

 Awe, F. and Idumah, F. O. (2017). Contribution of timber exports to economic growth in Nigeria: an econometric 

analysis. Journal of Research in Forestry, Wildlife and Environment 9(4): 46 – 55. 

Brown, H., & Davis, C. (2017). Policy Approaches to Sustainable Development in Tanzania. African Economic 

Policy Journal, 18(1), 58-73. 

Canicio, D. and Zachary, T. (2014). Causal relationship between government tax revenue growth and economic 

growth: Journal of Economic and Sustainable Development 5(17): 10–21. 

Canova, F. and Ghysels, E. (1994). Changes in seasonal patterns: Are they cyclical? Journal of Economic 

Dynamics and Control 18(6): 1143–1171. DOI: 10.1016/0165-1889(94)00826-O 

Dzingirai, C. and Tambudzai, Z. (2014). Causal relationship between government tax revenue growth and 

economic growth: A case of Zimbabwe (1980-2012). Journal of Economic and Sustainable Development 

5(17): 10–21. 

Engle, R. and Granger, C. (1987). Co-integration and error correction: Representation estimation and testing. 

Econometrica 55(2): 251 – 276. DOI: 10.2307/1913236 

FAO. (2019). The State of the World's Aquatic Genetic Resources for Food and Agriculture. Rome. DOI: 

10.4060/CA5256EN 

FBD (2011). A Study to Determine Forest Royalty and Propose New Forest Royalty Rates. Ministry of natural 

resources and tourism, Dar es Salaam. 49pp. 

Food and Agriculture Organization (FAO). (2015). Global Forest Resources Assessment 2015: Desk Reference. 

Rome: FAO. 

Forest and Beekeeping Division (FBD). (2011). Forest Revenue Collection and Management in Tanzania. Ministry 

of Natural Resources and Tourism, Dar es Salaam, Tanzania. 



13 

 

GAI (2014). Scoping Study of the Forestry Sector for the Purpose of Including the Industry in Revenue Disclosure. 

Tanzania Extractive Industries Transparency Initiative, Dar es Salaam, Tanzania. 83pp. 

https://www.suaire.sua.ac.tz/server/api/core/bitstreams/9f14ac8e-eca0-4021-8b15-

fd63ba6691ad/content 

Government Accountability Initiative (GAI). (2014). Forest Revenue and Taxation in Tanzania. Dar es Salaam, 

Tanzania. 

Gray, J. W. (1983). Forest Revenue Systems in Developing Countries. Working Paper No. 43. Food and 

Agriculture Organization, Rome. 283pp. 

Gujarati, D. N. and Porter, D. C. (2009). Basic Econometrics. In Econometrics. (5th Ed.), McGraw-Hill Series 

Economics, New York. 946pp. 

Hansen, B. (2009) The economic theory of fiscal policy. Abingdon: Routledge. Chapter I and II 

Harris, R., & Sollis, R. (2003). Applied Time Series Modelling and Forecasting. John Wiley and Sons, Hoboken, 

NJ. 784pp. 

Heaps, T. and Helliwell, J. (1985). The Taxation of Natural Resources. Elsevier Science Publishers, Holland. 

52pp. 

Hijazi, A. A. (2001). Tax Systems between Theory and Practice. AL Dar AL Jamiaeah, Egypt. 378pp. 

Hussein, M. H. (2005). On the causal relationship between government expenditure and tax revenue in Pakistan. 

The Lahore Journal of Economics 9(2): 105 – 117. 

Iriqat, R. A. M. and Anabtawi, A. N. H. (2016). GDP and tax revenues-causality relationship in developing 

countries: evidence from Palestine. International Journal of Economics and Finance 8(4): 54 – 62. DOI: 

10.5539/ijef.v8n4p54 

Johansen, S. and Sørensen, J. (1992). Determination of cointegration rank in the presence of a linear trend. 

Oxford Bulletin of Economics and Statistics 54(3): 383–397. DOI: 10.1111/j.1468-0084.1992.tb00008.x 

Johnson, M., & Wang, L. (2020). Environmental Taxation and Economic Growth: A Dynamic Analysis. 

Environmental Economics and Policy Studies, 22(3), 211-229. DOI: 10.1007/s10018-019-00260-z 

Kobb, D. (1998). Forestry Royalties in Tanga Region: Paper versus Reality East Usambara Catchment Forest 

Project. Technical Paper No. 48. Ministry of Natural Resource and Tourism, Dar es Salaam, Tanzania. 

64pp. 

Laudien, R., Schauberger, B., Makowski, D. and Gornott, C. (2020). Robustly forecasting maize yields in Tanzania 

based on climatic predictors. Scientific Reports 10(1): 1–12. DOI: 10.1038/s41598-020-76793-2  

Laurent, M. F. (2025). Does Foreign Direct Investment promote Economic Growth and Female Self-Employment 

in Tanzania?. Revista Academicus: Revista multidisciplinar, 3(2), 189-202. 

Loayza, N. and Ranciere, R. (2005). Financial Development, Financial Fragility and Growth. Working Paper No 

170. International Monetary Fund, Washington DC, USA. 32pp. 

Makoye, K. (2017). To save forests, Tanzania considers tax on charcoal Reuters. [https:// 

www.reuters.com/article/tanzania-forest-charcoal-idUSL5N1F945L] site visited on 29/3/2021.  



14 

 

Mankinen, U., Kayhko, N., Koskinen, J. and Pekkarinen, A. (2017). Forest Plantation Mapping of the Southern 

Highlands. Private Forestry Programme, Iringa, Tanzania. 73pp. 

Mankiw, G. (2018). Principles of Microeconomics. Cengage Learning, Boston. 526pp. 

Ministry of Natural Resources and Tourism (MNRT). (2015). National Forest Resources Monitoring and 

Assessment of Tanzania Mainland (NAFORMA): Main Results. Dar es Salaam, Tanzania. 

Ministry of Natural Resources and Tourism (MNRT). (2018). National Forest Resources Monitoring and 

Assessment: Forestry Sector Contribution Report. Dar es Salaam, Tanzania. 

MNRT (2015). National Forest Resources Monitoring and Assessment of Tanzania Mainland. Ministry of natural 

resource tourism, Dar es Salaam, Tanzania. 124pp. 

MNRT (2018). National Environment Statistics Report 2017. National Bureau Statistic, Dar es Salaam. 231pp. 

MNRT. (2015). National Forest Policy Implementation Review Report. Ministry of Natural Resources and Tourism. 

(Note: May be related to other MNRT 2015 reports) 

Monela, G. C., Chamshama, S. A. O., Mwaipopo, R., & Gamassa, D. M. (2000). A Study on the Social, Economic 

and Environmental Impacts of Forest Landscape Restoration in Tanzania. Dar es Salaam, Tanzania. 

Monela, G., Salmi, and J. Oy, I. (2000). Formulation of National Forest Programme in Tanzania: Study on 

Financing in Forestry. Ministry of Natural Resources and Tourism, Forestry and Beekeeping Division, Dar 

es Salaam, Tanzania. 48pp 

Moore, N., Leppänen, J. and Mwamakimbullah, R. (2016). Value Chain Analysis of Plantation Wood from the 

Southern Highlands. Private Forestry Programme, Iringa. 146pp. 

Muibi, S. O. and Sinbo, O. O. (2013). Macroeconomic determinants of tax revenue in Nigeria (1970 2011). World 

Applied Sciences Journal 28(1): 27 – 35. 

Ngaga, Y. M. (2011). Forestry Sector in Tanzania. Ministry of Natural Resources and Tourism, Dar es Salaam, 

Tanzania. 

Nyamoga, G. Z. and Solberg, B. (2019). A review of studies related to charcoal production consumption and 

greenhouse gas emissions in Tanzania. In: Agricultural and Ecosystem Resilience in Sub-Sahara Africa. 

(Edited by Bamutaze, Y. et al.), Department of Ecology and Natural Resources Management, Norway. 

pp. 357 – 399. 

Rath, B. N. and Akram, V. (2021). Popularity of unit root tests: A Review. Asian Economics Letters 2: 1–5. DOI: 

10.52294/AEL.2021.2714 

Revelian, M. (2016). Contribution of hunting tourism to Tanzania’s economy. Dissertation for Award of MSc 

Degree at Sokoine University of Agriculture, Morogoro, Tanzania, 87pp. 

Schwidrowski, A., Thomas, S., and Maciejewski, E. (2005). Forestry Taxation in Africa: The Case of Liberia 

Working Paper No 156. International Monetary Fund, Washington DC, USA. 27pp. 

Shrestha, M. B. and Bhatta, G. R. (2018). Selecting appropriate methodological framework for time series data 

analysis. The Journal of Finance and Data Science 4(2): 71–89. DOI: 10.1016/j.jfds.2017.11.001 



15 

 

Smith, J. (2018). The Impact of Economic Growth on Environmental Taxation in Developing Economies. Journal 

of Economic Development, 34(2), 145-160. 

Stiglitz, J. E. and Rosengard, J. K. (2015). Economics of the Public Sector. (4th Ed.), Norton Company Inc., New 

York. 961pp. 

Streimikiene, D., Raheem Ahmed, R., Vveinhardt, J., Ghauri, S. P. and Zahid, S. (2018). Forecasting tax revenues 

using time series techniques–a case of Pakistan. Economic Research-Ekonomska Istrazivanja 31(1): 

722–754. DOI: 10.1080/1331677X.2018.1442236 

TET (2019). What is gross domestic product? definition of gross domestic product, gross domestic product 

meaning. https://economictimes.indiatimes.com/definition/gross-domestic-product?from=mdr  

TRA. (2012). Annual Report. Tanzania Revenue Authority. https://www.fiu.go.tz/uploads/documents/en-

1712222361-FIUAnnualReport2011-12.pdf  

URT. (2021). Third Five-Year Development Plan (FYDP III). United Republic of Tanzania. 

https://www.fao.org/faolex/results/details/en/c/LEX-FAOC205461/ 

URT. (2022). Economic Survey Report. United Republic of Tanzania. 

https://www.mof.go.tz/uploads/documents/en-1691583449- 

THE%20ECONOMIC%20SURVEY%20_2022.pdf 

Whiteman, A. (2005). A Review of the Forest Revenue System and Taxation of the Forestry Sector in Fiji. Rome. 

https://www.fao.org/4/af168e/af168e00.htm 

World Bank. (2021). Tanzania Economic Update: Enhancing Tax Collection to Support Recovery. 

https://www.worldbank.org/en/news/feature/2023/09/19/tanzania-afe-economic-update-enhancing-

fiscal-efficiency-and-effectiveness-for-a-more-inclusive-future 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.mof.go.tz/uploads/documents/en-1691583449-
https://www.worldbank.org/en/news/feature/2023/09/19/tanzania-afe-economic-update-enhancing-fiscal-efficiency-and-effectiveness-for-a-more-inclusive-future
https://www.worldbank.org/en/news/feature/2023/09/19/tanzania-afe-economic-update-enhancing-fiscal-efficiency-and-effectiveness-for-a-more-inclusive-future


16 

 

 

Tables 

Table 1: ADF tests results for stationarity of variables 

 

Variable Transformation DF test statistic p-value Decision 

GDP Level -1.7443 0.6726 Not stationary 
Log -1.6486 0.7099 Not stationary 

1st Log difference -29.187 <0.01*** Stationary 
FORT Level -2.0754 0.5438 Not stationary 

Log -2.3696 0.4293 Not stationary 

1st Log difference -29.187 <0.01*** Stationary 

***Statistically significant at 1% significant level 

 
Table 2: Multivariate cointegration rank test 

Test and H0: rank(Π)=r 

No linear trend Linear trend 

Test statistics 

Critical Values 

(λ0.95) Decision 

Test 

statistics 

Critical Values 

(λ0.95) Decision 

Trace 

statistic 

(λtrace) 

r ≤ 1 37.4 7.52 Rejected 36.68 12.25 Rejected 

r = 0 145.08 17.85 Rejected 144.98 25.32 Rejected 

 

Table 3: Wald test results for short-run directional causality 
Variables Causality test (likelihood ratio) Causality 

decision 
Hypotheses F-test p-value 

Dependent 

Variables 

∆lnGDP H0:  1.1386 0.344  

Bi-directional 

causality 
 H1:    

∆lnFORT H0:  
0.75009 0.5282 

 H1:  
  

 

Table 4: Results of the vector error correction model (VECM) 
 

 ∆lnGDPt  ∆lnFORTt 

Parameter estimates S. E Parameter estimates S. E 

ECTt-1 -2.0875* 0.8085 8.8738 13.0244 

Intercept 0.0305* 0.0122 -0.1329 0.1970 

∆lnGDPt-1 0.5251 0.6114 -8.5521 9.8498 

∆lnFORTt-1 -0.0540* 0.0220 -0.5643 0.3548 

∆lnGDPt-2 0.0806 0.4191 -3.8666 6.7511 

∆lnFORTt-2 -0.0283 0.0154. -0.4643 0.2477. 
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∆lnGDPt-3 -0.4493* 0.2080 -1.6825 3.3513 

∆lnFORTt-3 -0.0044 0.0087 -0.1423 0.1408 

*Statistically significant at 10% significance level, S.E is the standard error of the coefficients 

 

 
 
Figures 

 

Figure 1: Conceptual framework on the implications of forest taxes and fees on the forestry sector and economic 

development. 

 

 

 

 

 
    Figure 2: The trend of quarterly forestry sector tax revenue from 2012 to 2020.  

    Source of data (TRA, 2021) 
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Figure 3: The trend of quarterly Gross Domestic Product (GDP) from 2012 to 2020.  

Source of data (BOT, 2021) 

 

 

 

 

Figure 4: Trends of forest tax revenue and GDP 
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Figure 5: Plots of first differences of lnGDP and lnFORT showing elimination of trends 
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Figure 6:  Generalized impulse response functions (GIRF) between GDP and forest tax revenue to a one standard 

deviation (S.D) shock 
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