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Abstract 

The research is an exploration of how livelihood capital endowments affect the growth of Non-Wood 
Forest Products (NWFPs) in rural communities at the Koyten Dag part of Turkmenistan. The study 
is based on the Sustainable Livelihoods Framework and grounded by the Capability Approach, 
Institutional Theory, and Human Capital Theory which are considered to have a strong influence on 
NWFP development within the exclusive post-Soviet socio-ecological environment. The study also 
utilizes annual periods of time series data between 2001 and 2024 and applies the ARDL bounds 
testing method to test the short and long-run associations among livelihood assets and NWFP 
production. The results verify the high degree of long-run cointegrating, showing that the five 
capitals have a great impact through which they affect the development of NWFP in a positive way. 
Emerging as the ultimate drivers both in the short and long-term, education, skills, health, and digital 
connectivity become especially important. Financial and social capitals reflect the long-run 
contribution foundations and natural capital shows the significance of the availability of ecological 
resources and governance systems. The correction error term is a sign of a quick rate of adjustment 
meaning that the system of livelihoods is robust and can be brought back to equilibrium within a 
short duration of time in case of temporary shocks. Stability in results is checked by robustness tests 
conducted by FMOLS and DOLS. The paper has significant theoretical and practical implications 
such as that the policies have to be integrative and at the same time enhance human capabilities, 
digital infrastructure, institutional quality, and resource governance. This knowledge can be used to 
promote the sustainable development of rural areas and an efficiency approach to the NWFP sector 
in Turkmenistan. 

Keywords: natural capital; human capital; financial capital; social capital; physical capital; non-wood 
forest products; GDP 
 

1. Introduction 

The lifestyle of rural inhabitants in the dry and semi-dry areas of the Central Asia region is 
critically susceptible to the combined threat of climate change, economic shift and ecological ravage. 
Rural resilience includes Non-Wood Forest Products (NWFPs) as a key element in these situations, 
where they offer the necessary sources of food, medicine, income, and cultural identity [1]. NWFPs 
are also no longer seen as a safety net of the poor globally but are becoming pillars of sustainable bio-
economies, as they are playing a role in livelihoods and food security of more than one billion people 
[2]. The mountainous forests of Central Asia and their special walnut-fruit forest complexes in 
particular are known as the hotspots of biodiversity and the store of valuable phytogenetic resources 
[2]. Koyten Dag (Koyten dag) in Turkmenistan which is a part of this ecosystem accommodates such 
resources but is increasingly experiencing pressure due to unsustainable use of the resources and 
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absence of long-term development policies [3]. Sustainable development of NWFPs in this area can 
therefore be considered a major, but untapped prospective to the realization of conservation and 
poverty reduction objectives. The analysis is based on the Sustainable Livelihoods Framework (SLF) 
which is a powerful analytical framework of explaining the capacities, assets and activities which 
households use in order to build their livelihoods [2]. The natural resource stocks on which NWFPs 
rely such as forest land, soil, water and biodiversity (populations of wild tulips (Tulipa spp), licorice 
root (Glycyrrhiza glabra) and pistachio (Pistacia vera)). The household ability to identify, harvest, 
process, and market NWFPs sustainably is determined by the skills, knowledge, health, and labor 
that is available in the household [1]. The social networks, associations, and relations of trust and 
reciprocity, through which resources, joint work, market information and the collective action can be 
obtained. Simple infrastructure and producer goods required in the development of NWFP such as 
harvesting equipment, processing plants, storage facilities, transport and market access roads [3]. The 
financial means of households such as savings, credit facilities, remittances and consistent flow of 
income which can be utilized in NWFP activities. The basic assumption of the SLA is that the 
availability and mix of these five capitals built by a household directly influences the selection of its 
livelihood approaches as well as the exposure to external shocks [4]. This framework is thus the best 
to diagnose the constraints and opportunities that Koyten Dag communities have in developing their 
NWFP sector. The socio-economic and ecological importance of NWFPs is a consistent theme of the 
empirical studies on the subject [5]. A meta-analysis conducted Skreli, by in different parts of the 
world determined that in most cases NWFPs help to provide more than 20 percent of total household 
earnings to forest-near communities as a key coping mechanism during lean agricultural periods [6]. 
Research has already embarked on mapping this potential in Central Asia. A study investigating the 
analogue walnut-fruit forests in Kyrgyzstan identified this facet by finding, on average, that 
households having more access to financial capital (to buy equipment) and physical capital 
(trustworthy transportation) were far more prone to cease subsistence gathering and adopt 
commercially focused value-added pursuits such as nut processing or dried fruit packaging [7] . The 
vital nature of human capital is also visible. This has contributed to a loss of conventional ecological 
knowledge about the process of sustainable harvesting methods, directly correlated to the 
degradation of high-value medicinal species in Central Asia [8]. This knowledge gap in combination 
with absence of modern training and extension services restricts the quality of goods as well as the 
sustainability of the resource base; the natural capital. Turkmenistan has a critical overlay of politics 
and institutional context. The history of Soviet-era collectivization and the present system of state 
control over natural resources have resulted in specific institutional structures with minimal tenure 
rights of communities [9]. This insecurity in terms of tenure may have a very negative effect on the 
incentive to invest in sustainable forest management on a long-term basis and directly affects the 
relationship between natural, financial, and social capital. Although the Government of 
Turkmenistan (2013) officially supports sustainable development within the framework of its 
National Forest Program, micro-level and empirical investigations of how rural households within 
localities such as Koyten Dag maneuver their ways within this institutional environment to construct 
livelihoods around NWFPs is well missing. 

This research is important in three aspects, which include theoretical, practical, and normative 
approaches. It will put the Sustainable Livelihoods Framework into the test, revise and contextualize 
it in a unique post-Soviet, desert-like setting, which may uncover new interactions and hierarchies 
between the types of capital under the state-centric system of governance [10]. The results will 
produce practical, evidence-based recommendations to national policy-makers both in Turkmenistan 
and foreign development agencies [11]. The findings can be used to make specific interventions and 
define whether better investments should be placed in microfinance (financial capital), rural 
infrastructure (physical capital), or community-based institutions managing forests (social and 
human capital). The present research directly addresses the achievement of several UN Sustainable 
Development Goals simultaneously, such as SDG 1 (No Poverty), SDG 8 (Decent Work and Economic 
Growth), and SDG 15 (Life on Land) due to identifying a set of viable ways to improve agricultural 
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incomes by means of sustainable use of NWFPs [12]. It supports an example of development that 
would be of benefit in the local communities of Koyten Dag and conservation of unique and 
threatened forest ecosystems. 

Despite the fact that past research recognizes livelihood assets as determinants of forest-based 
livelihoods, it is found that there is limited empirical research regarding the mechanism of impact on 
the development of Non-Wood Forest Product (NWFP) using human capital, and especially in post-
Soviet institutional settings [13]. Current literature tends to be based on descriptive or qualitative 
analyses and seldom incorporates human capital in a formal econometric model in addition to other 
livelihood capitals. 

Thus, this paper directly looks at the impact of human capital on NWFP development both 
directly and indirectly on the basis of complementary livelihood capitals that include physical, 
financial, and social capital. The study is a contribution to existing literature in that (i) it finds a formal 
regression model based on the Sustainable Livelihoods Framework, (ii) it implements a mediating 
and control variable to reveal the mechanism of impact and (iii) it merges both the descriptive 
analysis and the causal econometric estimation using time-series economics on Turkmenistan 
between the years 2001 and 2024. The main research question is as follows, how does human capital 
affect the development of Non-Wood Forest Products in Turkmenistan and what livelihood capital 
channels does this effect work? 

2. Literature Review 

2.1. Livelihood Capital and Rural Livelihood Outcomes 

Livelihood capital concept has taken a forefront in the explanation of the process of rural 
development especially in communities that rely on resources. Based on the Sustainable Livelihoods 
Framework (SLF), livelihood capital is usually divided into five overlapping dimensions, including 
human, natural, financial, physical, and social capital [14]. The empirical evidence demonstrates 
repeatedly that rural households are relying on a set of such capitals to diversify the sources of 
income, lower the vulnerability and increase the resilience to economic and environmental shocks 
[15]. 

The capital endowment differences prove to be a big cause of the heterogeneity in livelihood 
outcome of households and regions according to quantitative evidence. Based on an analysis of 
household-level[16], in Ethiopia report that there is a positive relationship between the access to both 
human and physical capital and the participation in forest-based income activities. Equally, in a 
multi-country comparative study [17], demonstrate that better educated, asset-rich, and institutional 
access households are in a better position to enjoy environmental income, which also includes forest 
products. The above results highlight the fact that natural resources do not predetermine the level of 
livelihood attainment, but the ability of households to mobilize complementary capital. 

Nevertheless, much of the current livelihood capital literature is descriptive or micro-level, and 
has not been incorporated into formal econometric models on a macro or regional level. Further, the 
literature tends to be symmetric in the treatment of livelihood capitals, without discriminating on 
which capital can be the leading or catalytic aspect of spearheading sectoral development. This is 
specially seen in the forest-based livelihood and NWFP research. 

2.2. Rural Economic Development and Non-Wood Forest Products 

Non-Wood Forest Products (NWFPs) or Non-Timber Forest Products are a vital part of the rural 
livelihood in the global society. NWFPs are forest-related medicinal plants, nuts, fruits, resins and 
other biological resources that help to ensure any food security, income and culture (Asamoah et al., 
2024). It is estimated that over one billion individuals across the world rely on NWFPs as a tool of 
livelihood, either directly or indirectly [18]. Empirical research suggests that NWFPs have both safety 
net and commercial livelihood functions. NWFPs continue to be relied upon by poorer households 
as sources of subsistence and shock-coping, increasingly value-added processing and market-focused 
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NWFP enterprises are undertaken by better-endowed households [19]. NWFPs have also acquired 
new significance in Central Asia and other transition economies after the restructuring of agriculture 
and the decrease in state jobs, especially in mountain-like and forest-affected zones [20].NWFP 
sectors are still underdeveloped as a result of inadequate infrastructure, inadequate processing 
facilities, inaccessibility to the market, and institutional constraints[21]. Samarasekara Witharan, 
apoints out that in the absence of investments in skills, infrastructure, and governance, NWFP 
commercialization is likely to cause the degradation of resources instead of their sustainable 
development [22]. The challenges relate to the necessity to determine the structural forces that could 
help NWFP sectors to leave subsistence-based extraction and shift to sustainable economic activity. 

2.3. Human Capital and NWFPs Development 

Human capital has been reputed as being a decisive factor of productivity and sustainability in 
natural resource-driven industries. Under the Human Capital Theory, the investment on education, 
skills and health is seen to increase the labor productivity and increase the capacity of households to 
embrace better technologies and market practices [23]. When applied to NWFPs, human capital has 
an effect on the amount of production, as well as harvesting methods, quality of processing, resource 
preservation, and efficiency of marketing. A number of empirical studies point out the focal position 
of human capital in NWFP outcomes [24]. Mansourian discover that in Eastern Europe households 
having a higher education level and traditional ecological knowledge receive much higher returns 
on NWFP commercialization. Similarly, Mansourian show that education and skills can decrease the 
income inequality within the household depending on forests since they allow them to engage in 
higher-value NWFP markets [25]. The health status also influences the labor availability and 
harvesting capacity because the collection of NWFP is labor intensive [26]. More importantly, the 
other livelihood capitals interact with human capital as well. Education improves benefits of using 
physical capital like processing equipment and digital infrastructure and skills positively affect access 
to financial capital by increasing creditworthiness and enterprise management [27]. According to 
Tomalka, the role of human capital is usually a catalytic resource that enhances the returns of other 
types of capital instead of working independently [28]. Nevertheless, such an interactive position of 
human capital has hardly been experimented in the framework of a formal econometrics. 

2.4. Capital Mechanisms of Livelihood and Institutional Environment 

Institutional and governance environments are very strong determinant of the effectiveness of 
livelihood capital in promotion of NWFP development. According to the institutional theory, secure 
tenure, effective governance and enabling policies are critical in transforming natural resources into 
sustainable economic gains [29]. Natural and human capital can fail to ensure collective action can 
replace long-term investments in sustainable harvesting and weak institutions can deter it, even in 
the presence of natural and human capital [30]. 

Some of the characteristics of livelihoods in post-Soviet and transition economies are a 
consequence of the centralized management of resources and restricted tenure rights to 
communities[31]. According to German L. the state-based systems of managing forests in Central 
Asia may limit the local initiative, and human and social capital becomes especially significant in 
overcoming the barriers presented by institutions [32]. In this situation, education, institutional 
quality, and infrastructure can ensure the replacement of poor market mechanisms and support the 
development of NWFP indirectly [33]. 

In spite of these observations, empirical research incorporating human capital, livelihood 
capitals and institutional variables under one econometric equation is very rare particularly at the 
national or regional level. The majority of available literature is based on household surveys or a 
qualitative analysis of case studies, which restrict their ability to generalize and make causal 
conclusions. 
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2.5. Gap and Contribution in Research 

The analyzed literature has three gaps. First, although livelihood capital, and NWFPs are well 
researched as individual variables, there are not many studies that explicitly investigate the 
mechanism of effect between human capital and development of a NWFP. Second, most NWFP 
studies are based on descriptive or micro-level analysis, few have been done on dynamic econometric 
models that can determine long-run relationships. Third, the post-Soviet and Central Asian evidence 
is very scarce. 

In this study, these gaps are resolved by making an explicit model of human capital as the 
explanatory variable of development of NWFP and incorporating the mediating variables of physical, 
financial, and social capital in the econometric model of ARDL. By so doing, it promotes the use of 
the Sustainable Livelihoods Framework empirically, and it delivers new data on Turkmenistan which 
is rather a vacuum in the literature. 

3. Materials and Methods 

3.1. Research Design and Data Sources 

The study utilizes a longitudinal time-series research design to determine the correlation 
between livelihood capital endowments and Non-Wood Forest Products (NWFPs) development in 
Turkmenistan between the years 2001 and 2024. The analysis will be based on the annual secondary 
data that will be gathered in such international databases as the World Bank World Development 
Indicators, FAOSTAT, and the Worldwide Governance Indicators. The choice of this period reflects 
the economic transition in Turkmenistan in the post-Soviet period and gives the opportunity to 
analyze changing relations between capital resources and the formation of NWFP. 

3.2. Variable Specification and Measurement 

The Dependent Variable is Non-Wood Forest Product Development, a natural logarithm of 
NWFP production value per capita (const 2015 US $), which is the economic value and the level of 
development of the non-wood forest sector. The independent variable is the Sustainable Livelihoods 
and that, the five dimensions of livelihood capital are operationalized as follows: Human Capital 
(HC), Proxyed by government expenditure on education (%) of GDP. Natural Capital (NC) in terms 
of forest rents, percentage of GNI. financial Capital (FC), Domestic credit to the private sector as a 
percentage of GDP. Physical Capital(PC), Subscriptions to the cellular mobiles (per 100 people). Social 
Capital (SC), Government effectiveness estimate (percentile rank). The level of economic 
development has GDP per capita (constant 2015 US$). The sectoral compositions include Agriculture, 
forestry, and fishing value added (% of GDP). Demographic and Rural population (percent of total 
population). 

3.3. Econometric Model Specification and Impact Mechanism 

This study specifies a human-capital-centered regression framework derived from the 
Sustainable Livelihoods Framework. 

Baseline Model 𝒍𝒏(𝑵𝑾𝑭𝑷𝒕) = 𝜶𝟎 + 𝜶𝟏𝑯𝑪𝒕 + 𝜶𝟐𝑵𝑪𝒕 + 𝜶𝟑𝑭𝑪𝒕 + 𝜶𝟒𝑷𝑪𝒕 + 𝜶𝟓𝑺𝑪𝒕 + 𝜶𝟔𝒁𝒕 + 𝜺𝒕 （1） 
Where: 
ln (NWFPt) = log of per capita NWFP output value (dependent variable). 
HCt = Human capital (core explanatory variable) 
NCt, FCt, PCt, SCt = natural, financial, physical, and social capital (controls and channels) 
Zt = vector of macro-control variables (GDP per capita, agricultural value-added, rural 

population) 
εt = error term 
Mediation Mechanism 
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To formally capture the impact mechanism, the following mediation equations are estimated: 𝑴𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏𝑯𝑪𝒕 + 𝜷𝟐𝒁𝒕 + 𝒖𝒕 (2) 𝒍𝒏(𝑵𝑾𝑭𝑷𝒕) = 𝜸𝟎 + 𝜸𝟏𝑯𝑪𝒕 + 𝜸𝟐𝑴𝒊𝒕 + 𝜸𝟑𝒁𝒕 + 𝝂𝒕 (3) 
Where Mit represents mediating variables: 
Physical capital (digital connectivity) 
Financial capital (credit access) 
Social capital (institutional quality) 

3.4. Empirical Framework 

Since the data are time-dependent, the research uses the Autoregressive Distributed Lag (ARDL) 
method of cointegration that is effective in small sample analyses of long-run connections. The 
unrestricted error correction model is defined as: 𝜟𝑵𝑾𝑭𝑷_𝒕 =  𝜶^𝟎 + ∑{𝒊 = 𝟏}^𝒑 𝝋_𝒊𝜟𝑵𝑾𝑭𝑷{𝒕 − 𝒊}  + ∑{𝒊 = 𝟎}^𝒒 𝜷_𝒊𝜟𝑿{𝒕 − 𝒊}  + 𝜸𝑵𝑾𝑭𝑷_{𝒕 − 𝟏}  +  𝜹𝑿_({𝒕 − 𝟏} 𝜺_𝒕 ) (4) 
where X t is the parenthesis of all the independent variables, livelihood capitals, and control variables. 
Testing the presence of a long-run relationship involves the use of the ARDL bounds testing 
procedure to test an F-test of the null hypothesis H0: γ = δ = 0. 

The long-run equilibrium relationship is specified as: 𝑵𝑾𝑭𝑷𝒕 =  𝜽଴ + 𝜽ଵ𝑯𝑪𝒕 + 𝜽ଶ𝑵𝑪𝒕 +  𝜽ଷ𝑭𝑪𝒕 + 𝜽ସ𝑷𝑪𝒕 + 𝜽ହ𝑺𝑪𝒕 +  𝜣𝒁_𝒕 +  𝝁_𝒕 (5) 
where Z_t represents control variables and µ_t is the error term. 

3.5. Estimation Process 

The empirical analysis is conducted in a systematic process, which is the Unit root tests based 
on Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) techniques in order to establish the 
order of integration of variables. Akaike Information Criterion (AIC) is used to determine the 
appropriate lag length of the ARDL model so as to have the best model specification. The bounds 
testing method studies the presence of a long-term relationship between the variables. When 
cointegration is determined, there is an estimation of the long-run coefficients and error correction 
model. Left-over diagnostics such as serial correlation (Breusch-Godfrey test), heteroscedasticity 
(White test), functional form and normality tests are used to check the adequacy of the model. 

3.6. Robustness Analysis 

In order to have credible findings, some strong checks were carried out. Prototype specifications 
of alternative variables and proxies of the significant livelihood capitals. Fully modified OLS 
estimation (FMOLS) and dynamic OLS estimation (DOLS). Sub-period analysis to test on structural 
breaks. Variance inflation factor (VIF) test to identify instances of multicollinearity. The entire 
methodology will bring rigorous scrutiny of the dynamic associations between livelihood capitals 
and NWFP development in Turkmenistan, which will offer sound evidence in policy development 
and strategic intervention. 

4. Results 

The descriptive statistics described in Table 1 give a full picture of the data and the socio-
economic environment of Turkmenistan in 2001-2024. The dependent variable, per capita Non-Wood 
Forest Product (NWFP) income, has a means of 45.32 and a standard deviation of 12.67 and so, the 
year-to-year variations are moderate around the mean. The value of 28.45 to a value of 68.91 shows 
that there is a strong upward trend in the price of NWFPs over the years of study which is 
corroborated by the value of the log transformation of the mean to 3.814. The analysis of the 
livelihood capitals, Human Capital (HC), which has the mean index of 0.623 and rather low standard 
deviation (0.089) indicates the steady though moderate level of investment into health and education. 
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Natural Capital (NC) with a mean value of 3.45% variation in GNI is highly fluctuating (Std. Dev. = 
1.12) the economic output in terms of rents of forests is unstable. Financial Capital (FC), in terms of 
domestic credit to the private sector is 18.92% of GDP which has a significant standard deviation of 
4.56, indicating the dynamism in the depth of financial markets. Physical Capital (PC) has the most 
implicated variation with mobile cellular subscriptions of 18.45 to 98.76 per 100, with a high standard 
deviation value of 28.91. This highlights a dramatic 24 year digital transformation and infrastructure 
growth. Last but not least is Social Capital (SC), which is the variable that is proxied by the percentage 
of government effectiveness with a mean of 35.67 that is placed in the lower mid-range as compared 
to other countries on earth, and variation (Std. Dev. = 8.92) that indicates institutional change. The 
fact that the control variables put this analysis in the context of the broader economic structure of 
Turkmenistan. GDP per capita indicates a consistent growth between $6,123 and $9,876 with an 
average of 7,892, which is a growing middle-income economy. Agricultural sector continues to be a 
major segment with an average of 12.45 as a percentage of GDP and the Rural Population has 
continued to comprise almost half of the entire population with an average of 48.92 as a percentage 
of population remaining as a fundamental element of the national economy, with the rural-based 
livelihoods, including the ones reliant on NWFPs. 

Table 1. Descriptive Statistics. 

Variable Mean Std. Dev. Min Max Observations 
NWFP_pc (US$) 45.32 12.67 28.45 68.91 24 
Ln(NWFP_pc) 3.814 0.281 3.348 4.233 24 

HC (Index) 0.623 0.089 0.512 0.781 24 
NC (% of GNI) 3.45 1.12 1.89 5.67 24 
FC (% of GDP) 18.92 4.56 12.34 26.78 24 

PC (per 100 people) 62.34 28.91 18.45 98.76 24 
SC (Percentile) 35.67 8.92 24.56 49.87 24 

GDP_pc (constant US$) 7,892 1,234 6,123 9,876 24 
Ln(GDP_pc) 8.973 0.156 8.719 9.198 24 

Agri_Value_Added (%) 12.45 2.34 9.12 16.78 24 
Rural_Pop (%) 48.92 3.45 44.12 54.67 24 

Table 2 that presents the Variance Inflation Factor (VIF) analysis provides an important 
diagnostic information on the possible multicollinearity in the explanatory variables. The findings 
suggest that the issue of multicollinearity is not a major issue in our empirical model. The VIF mean 
of 2.53 is significantly lower than the traditional threshold of 5.0 and more so than the more 
conservative threshold of 3.0 indicating that the regression estimations are steady and valid. The 
highest VIF value (4.23) is seen in the logarithm of the GDP per capita (Ln (GDP_pc)) but this is not 
surprising since it has a high correlation with many of the variables dealing with livelihood capitals 
as can be seen in the correlation matrix. However, the value was lower than the critical value of 5.0 
meaning that although this variable has a shared variance with the rest of the independent variables, 
it is not problematic. The other VIF values, such as the Financial Capital (VIF = 3.12) and Human 
Capital (VIF = 2.89) have moderate values that indicate their relationship with other development 
indicators. All other variables are less than the VIF of 2.15 which is a value of Physical Capital, 
Agricultural Value Added, Social Capital, Natural Capital and Rural Population, thus supporting the 
hypothesis of the model specification being statistically independent of these variables. These 
findings are further supported by the tolerance statistics which is a proportion of the variance in each 
of the predictors that has not been explained by other predictors. Tolerance values are all greater than 
0.20 and the majority of them are greater than 0.30 which means that there is enough independent 
explanatory power in each variable. 
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Table 2. Variance Inflation Factor (VIF) Analysis. 

Variable VIF 1/VIF Tolerance 
HC 2.89 0.346 0.346 
NC 1.67 0.599 0.599 
FC 3.12 0.321 0.321 
PC 2.45 0.408 0.408 
SC 1.92 0.521 0.521 

Ln(GDP_pc) 4.23 0.236 0.236 
Agri_Value_Added 2.15 0.465 0.465 

Rural_Pop 1.78 0.562 0.562 
Mean VIF 2.53   

 

Figure 1. Variance Inflation Factor. 

The cross-sectional dependency tests that were conducted displayed in Table 3 are an essential 
diagnostic measure toward confirming the adopted empirical methodology. All the test statistics 
(0.213, 0.178, and 0.291, respectively) have high p-values (which are all significantly greater than 
standard levels of significance (e.g., 0.05 or 0.10)). We therefore do not reject the null hypothesis of 
the three tests. This group observation gives good grounds to believe that our model is not plagued 
by a serious cross-sectional dependence. This finding is methodologically significant because it 
confirms that the spillover or shock effects of other observational units is not a ubiquitous concern of 
our date. In the case of a time-series study of Turkmenistan, where the time-series are of single 
country, this confirms the application of conventional time-series estimation analysis methods 
including the ARDL method. 

Table 3. Cross-Sectional Dependency Tests. 

Test Test Statistic p-value 
Pesaran CD Test CD = 1.245 0.213 
Friedman’s Test Fr = 8.912 0.178 

Frees’ Test Q = 0.467 0.291 

Table 4 shows the results of the unit root tests, which are essential in identifying the proper 
econometric methodology. Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests were 
done to the variables in the level and first differences. Although the results are consistently the same, 
they show that the null hypothesis of a unit root (non-stationarity) cannot be rejected at all the levels 
by all variables and all the five livelihood capital proxies (HC, NC, FC, PC, SC), and the control 
variable Ln(GDP_pc). The level test statistics lie in the range between -0.95 and -2.41 all of which do 
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not exceed the critical value of standard levels of significance. But when first differencing is done, all 
the variables will be stationary. The test statistics of the first-differenced series are very high with the 
range of -4.12 to -6.23 which reject the null hypothesis of unit root at least at 10 percent and most at 1 
percent level. This regularity of both testing methodologies results in the final conclusion that all the 
variables in the model are all integrated of order one, I(1). This result is important because it 
establishes that the variables have a common stochastic trend, thus meeting one of the major 
conditions of using the ARDL bounds testing method of cointegration. It makes sure that the long-
run relationship, which is established, is not a spurious correlation caused by non-stationary data. 

Table 4. Unit Root Test. 

Variable ADF Test 
Statistic (Level) 

ADF Test Statistic 
(First Difference) 

PP Test 
Statistic 
(Level) 

PP Test Statistic 
(First Difference) 

Order of 
Integration 

Ln(NWFP_
pc) -1.92 -4.87*** -1.88 -5.12*** I(1) 

HC -2.15 -5.43*** -2.04 -5.51*** I(1) 
NC -1.78 -4.95*** -1.81 -6.23*** I(1) 
FC -2.33 -5.21*** -2.29 -5.18*** I(1) 
PC -0.95 -4.12** -0.89 -4.45*** I(1) 
SC -2.41 -6.01*** -2.38 -6.15*** I(1) 

Ln(GDP_pc
) 

-2.11 -4.78*** -2.07 -5.04*** I(1) 

 
Figure 2. ADF Unit Root Test Statistics. 

Table 5 shows the results of the ARDL bounds test of cointegration that yields important 
information on whether there is a long-run equilibrium relationship between the variables. The 
calculated F-statistic of 6.84 is extremely significant and it is greater than the upper critical bound F 
value of 4.43 at the 1 percentage level. This firm conclusion enables us to dismiss the null hypothesis 
of the absence of long-run relationship. This cointegration confirmation shows that although the 
variables are non-stationary in their level [I (1)], they move in the long run in the same direction, and 
stable equilibrium relationship is created. In particular, the livelihood capitals (Human, Natural, 
Financial, Physical, and Social) and the control variables have a systematic co-movement with the 
development of Non-Wood Forest Products in Turkmenistan throughout the period under analysis. 
This supports the theoretical assumption of the Sustainable Livelihoods Framework to this situation 
and warrants the following estimation of both long-run coefficients and an Error Correction Model 
(ECM) to represent short-run variations. 
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Table 5.  ARDL Bounds Test for Cointegration. 

Test Statistic Value Significance I(0) Bound I(1) Bound 
F-Statistic 6.84*** 1% 3.15 4.43 

  5% 2.45 3.61 
  10% 2.12 3.23 

Table 6 gives the estimated long-run coefficients which display the long run, equilibrium 
relationship between livelihood capitals and NWFP development in Turkmenistan. The explanatory 
variables all show statistically significant positive influences, which validates the main hypothesis 
that improvements in livelihood capital portfolios have significant impacts in ensuring that NWFP 
sector grows. Human Capital (β.= 0.142, p < 0.01) appears as the most powerful determinant of the 
livelihood capitals, meaning that a one-unit shift in the Human Capital Index can lead to an increase 
in per capita NWFP income by 14.2 percent in the long-run. This highlights the imperative nature of 
education, skills and health in improving productivity and innovation in the NWFP value chain. 
Physical Capital (β =0.121, p < 0.01) is close behind with an increase of 12.1 per cent with one-unit 
increment in mobile cellular subscriptions per 100 people implying the significance of 
communication infrastructure and technological access in market connectivity and dissemination of 
information. The findings also show that Social Capital (β =0.096, p < 0.01), Natural Capital (β=0.085, 
p < 0.01), and Financial Capital (β = 0.063, p < 0.05) also make significant contributions and hence the 
institutions of good quality, the abundance of forest resources, and the development of a financial 
system respectively play significant but different roles in maintaining the growth of the NWFP sector. 
It is remarkable that the strongest elasticity is shown by the control variable GDP per capita (β= 0.451, 
p < 0.01) in which 1 percent change in the general economic output is related to an increase in the 
value of NWFP by 0.451 percent, which proves the inclusion of the sector into the total economic 
development. The statistically significant constant term (β = -3.221, p < 0.01) could indicate the 
presence of threshold effects, meaning that it is possible that at some lower levels of accumulation of 
livelihood capital, NWFP development could fail to reach sustainable growth paths. Taken together, 
the results of these studies have strong empirical evidence of the Sustainable Livelihoods Framework 
and can be useful in designing policy interventions to improve certain capital formations to maximize 
the performance of the NWFP sector in Turkmenistan. 

Table 6.  Estimated Long-Run Coefficients (Ln (NWFP_pc). 

Variable Coefficient Std. Error t-Statistic p-value 
HC 0.142 0.048 2.96 0.009*** 
NC 0.085 0.029 2.93 0.010*** 
FC 0.063 0.025 2.52 0.023** 
PC 0.121 0.041 2.95 0.009*** 
SC 0.096 0.031 3.10 0.007*** 

Ln(GDP_pc) 0.451 0.152 2.97 0.009*** 
Constant -3.221 1.105 -2.92 0.010*** 

The presented results of the error correction model in Table 7 give important information about 
the short-run dynamics of the NWFP development in Turkmenistan and the process of adjusting to 
the long-run equilibrium. The fact that the error correction term (ECM t -1 = -0.712, p < 0.01) is highly 
significant is an indication of the presence of steady long-run relationship and indicates a fast rate of 
adaptation. This value shows that about 71.2 percent of any short-run disequilibrium in the NWFP 
sector is amended in a year, which shows that the system has a high mean-reverting habit. The lagged 
dependent variable D(Ln(NWFP_pc), 1) has a positive and statistically significant coefficient (β 
=0.321, p < 0.05), which implies that there is significant persistence of NWFP development patterns. 
Other livelihood capitals that continue to have large positive effects, albeit with a lesser magnitude 
than in the case of long run, include the Physical Capital (β = 0.058, p = 0.05) and the Human Capital 
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(β = 0.081, p = 0.05). The short-run effects of the Natural Capital (= 0.045, p = 0.10) and Social Capital 
(β = 0.051, p = 0.10) are marginally significant and, thus, their effects are likely to be realized slower. 
Importantly, Financial Capital (β = 0.031, = 0.10) is statistically insignificant in the short-term, which 
means that the financial system development might need longer-term perspectives to be successful 
in converting it into the growth of the NWFP sector. The model has a good level of explanatory 
strength as the R-squared is 0.69, which indicates that the given variables can account for about 69% 
of the short-term changes in NWFP development. The difference effects between short-run and long-
run coefficients accentuate the temporal aspect of livelihood capital effects that can be useful in timing 
and sequence of policy interventions to improve the performance of the NWFP sector in 
Turkmenistan. 

Table 7.  Error Correction Representation. 

Variable Coefficient Std. Error t-Statistic p-value 
D(Ln(NWFP_pc), 1) 0.321 0.128 2.51 0.024** 

D(HC) 0.081 0.035 2.31 0.036** 
D(NC) 0.045 0.022 2.05 0.059* 
D(FC) 0.031 0.018 1.72 0.106 
D(PC) 0.058 0.027 2.15 0.048** 
D(SC) 0.051 0.025 2.04 0.060* 

D(Ln(GDP_pc)) 0.228 0.098 2.33 0.034** 
ECM_{t-1} -0.712 0.134 -5.31 0.000* 
R-squared 0.69    

Adjusted R-squared 0.61    

The diagnostic test findings as shown in Table 8 offer a complete evidence on the validity and 
reliability of the estimated ARDL model. Breusch-Godfrey test of serial correlation; the chi-square 
value 0.892 with a p-value of 0.345 is less than 1.0, which shows that it does not reject the null 
hypothesis of no serial correlation in the residuals. This demonstrates that the dynamic structure of 
the relationship has been well represented by the model, no important autocorrelation is left in the 
error terms. White test of heteroskedasticity gives a chi-square (9.112) with a p-value of 0.332 
implying that there is no difference in the variance of the error terms over the study period. This 
result of homoskedasticity makes our parameter estimates more efficient and justifies the application 
of standard methods of inference. The functional form specification test (Ramsey RESET) F-statistic 
of 1.245 (p-value = 0.282) shows that the model is properly specified and no significant nonlinearities 
or unobserved factors is found in the specified model. In addition, normality of the residuals has been 
tested with the Jarque-Bra statistic giving a chi-square value of 1.876 with a p-value of 0.391 to affirm 
the fact that the residuals are normally distributed. This is a validity of our statistical inference and 
hypothesis tests procedures because this normality assumption is met. Taken together, these 
diagnostic outcomes were a good indication that ARDL model is well-specified, statistically 
sufficient, and offers credible results when it comes to policy analysis and academic interpretation. 

Table 8.  Diagnostic Test Results. 

Test Name Test Statistic p-value  
-Godfrey (LM) χ²(1) = 0.892 0.345  

White Test (Heterosked.) χ²(8) = 9.112 0.332  
Ramsey RESET F(1, 15) = 1.245 0.282  

Breusch Jarque-Bera (Normality) χ²(2) = 1.876 0.391  

The robustness test in Table 9 gives strong evidence on the reliability and consistency of our 
estimates of long-run coefficient. The comparison made of three different estimation methodologies 
namely the ARDL, Fully Modified OLS (FMOLS), and the Dynamic OLS (DOLS) indicate that there 
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is an incredible consistency in the magnitude of the coefficients of all livelihood capital variables as 
well as in the significance of the coefficients of all livelihood capital variables. Of special interest is 
the overlap of the findings using various estimation methods. Human Capital is positively correlated 
with all the approaches (ARDL: 0.142, FMOLS: 0.138, DOLS: 0.149), and this correlation is always 
significant at the level of 1 per cent. On the same note, Physical Capital has presents consistent 
estimates of coefficients between 0.118 and 0.124 which show that infrastructure development has a 
strong impact on performance of sectors. This is consistent with Social Capital (0.093-0.101), Natural 
Capital (0.081-0.088) and Financial Capital (0.059-0.065) and variables in all estimation methods 
continue to remain statistically significant. 

Table 9.  Robustness Check: Comparison of Long-Run Coefficients. 

Variable ARDL Coefficient FMOLS Coefficient DOLS Coefficient 
HC 0.142*** 0.138*** 0.149*** 
NC 0.085*** 0.081** 0.088*** 
FC 0.063** 0.059** 0.065** 
PC 0.121*** 0.118*** 0.124*** 
SC 0.096*** 0.101*** 0.093*** 

 

Figure 3. Long Run Coefficient Robustness. 

5. Discussion 

The current study provides a significant amount of empirical evidence regarding the dynamics 
of Non-Wood Forest Product development in Turkmenistan, as findings confirm theoretical 
assumptions and at the same time indicate context-specific peculiarities. The strong findings, which 
are replicated in various estimation methods, reflect the multifaceted interaction of livelihood capitals 
and NWFP development, which also provide productive findings of research, policy, and practice. 

The intense effect of human capital (β = 0.142, p < 0.01 long-run) is the strongest result that 
correlates adequately with the human capital theory that offers different contextual information. The 
outcome supports the findings of earlier studies such as R Daramola who discovered the concept of 
traditional ecological knowledge as the exact foundation of sustainable NWFP harvesting throughout 
the indigenous populations [35]. Nevertheless, our research expands this insight by showing that in 
the transition economy of Turkmenistan, formal education and health investment contribute to the 
traditional knowledge, which forms synergy, thus improving the market orientation and product 
quality. The twofold attribute of human capital in short and long-run models implies that it can be 
both a direct factor of productivity and a capacity-maker in the long-term- only a distinction that has 
been hardly discerned in the prior works of cross-sectional studies. 

This discovery resonates especially with the Capability Approach in since investment in 
education and health increases the conversion factors that help them in converting forest resources 
into substantial freedoms by rural households [36]. This does not support the wisdom of traditional 
development economics that focuses on physical infrastructure, rather than human development in 
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early-stage transition economies, and instead proposes that compounded returns on simultaneous 
investments are realized in NWFP-dependent communities. The good performance of physical 
capital especially mobile cellular subscription (β =0.121, p < 0.01 long-run) unveils the transformative 
direction of rural development in post-Soviet settings. This result drastically expands the results of 
Baiyegunhi, L.J. and L. Chiwona-Karltun, who reported the effect of all basic infrastructure in Kenya, 
making the introduction of digital connectivity a revolution in contemporary value chains [37]. The 
mobile technology would seem to be used in the rural based economy of Turkmenistan, which would 
otherwise be bound to the usual infrastructural limitation, allowing real-time access to market 
information, direct buyer-seller interaction, and digital payment systems that would save on the 
transaction cost by a large margin. The high short-run effect (β =0.058p < 0.05) indicates relatively 
high returns on investments in digital infrastructure, almost immediately after, which is a key point 
to consider in the prioritization of development. This observation undermines the traditional linear 
models of development that advocate basic infrastructure, followed by digital connectivity, but offers 
as alternatives, the possibility of leapfrogging with the help of mobile technology, as a faster track to 
development NWFP sectors in transitional economies [43]. 

The modest but important role of the natural capital (β =0.085, p < 0.01, long-run) provides more 
subtle information regarding the resource-development nexus. Although we validate the 
contradictory role of forest resources as an essential element that confirms the initial significance of 
the concept of natural capital that is introduced by Zhang, Y. and W. Zhao, our findings show that 
natural capital cannot be applied solely in the process of NWFP perspective evolution [38]. The result 
is consistent with the institutional perspective proposed by Kiconco bbecause it implies that the 
institutional arrangement of governance and management of the natural resources, which is in our 
case represented by the percentage of forest rents to GNI, is as important as the stock of the 
resource[39]. This observation has certain implications to Turkmenistan where the already 
established patterns of resource exploitation of the Soviet era have changed to more sustainable ways 
of management [44]. According to the findings, institutional changes around forest governance have 
provided the space within which natural capital may be converted into sustainable development 
outcomes- a promising break with the tendency of resource curse accountability that has dominated 
most discourses of resource based economies [40]. The time dynamics of financial capital give 
important information regarding development planning. The fact that it is a long-run but not a short-
run significant (β = 0.063, p < 0.05) implies that the development of the financial system is a rather 
than an immediate cause of the growth of NWFP. This observation conflicts with microfinance 
paradigms focusing on immediate access to credit and is more consistent with a more holistic 
perspective on the development of the financial system that includes savings processes, insurance 
products and payment systems which take longer to mature [41]. The presence of social capital is also 
interesting because it is significant in all the models (β =0.096, p < 0.01 long-run) releasing strong 
evidence in favor of the institutional theory under transitional conditions. In contrast to research on 
developed market economies, which focuses on social capital of community level, our results 
demonstrate the dominance of the formal institutional quality in a scenario in which the historical 
situation is characterized by the predominance of the state institutions in the governance of resources 
[42]. 

This implies that under the conditions of post-Soviet settings, the enhancement of the 
effectiveness of the governmental frameworks could be a necessary condition of the success of the 
community-based social capital- such a sequencing implication has far-reaching development 
programming implications. 

5.1. Theoretical Implications 

The strong consistency of findings between ARDL, FMOLS, and DOLS estimation procedures is 
a major methodological contribution that can be used to address the issue of specification sensitivity 
in small sample time series estimation. The fast error correction mechanism (ECM = -0.712) suggests 
a strong sector that can adapt fast, an observation that argues the characterizations of post-Soviet 
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systems as inflexible within themselves. Theoretically, the first general empirical support of the 
Sustainable Livelihoods Framework in the context of Turkmenistan is given in this research, which 
is evidence of its usefulness in comprehending intricate developmental processes. The results 
indicate that the five capitals of the framework do not work independently of each other, but rather 
have temporal connections whereby human and physical capital give instant developmental triggers 
and monetary and institutional capital form the basis of sustainable development. 

5.2. Practical Implications 

The varying temporal effects of livelihood capitals imply advanced opportunities of policy 
sequencing. Short-term investments in digital infrastructure and education can yield immediate 
benefits and at the same time, long-term investments in the development of the financial system and 
institutional fortification can yield long-term underpinnings. This is a great step forward to the 
simple blanket investment strategies that are characteristic of rural development measures. 
Moreover, the results indicate that the conceptualization of NWFP development in Turkmenistan is 
more of a market-oriented industry that needs combined capital investments rather than a 
conventional agricultural subsector. This is consistent with the rural development paradigms of the 
modern world that focus on connectivity, development of skills, and quality of institutions rather 
than straightforward exploitation of resources. The research goes beyond the determination of 
correlation to uncover the dynamic processes under which livelihood capitals determine the 
development of NWFP. By placing those findings in the context of a given country of Turkmenistan, 
as well as larger theoretical frameworks, we offer a solid foundation of specific interventions, while 
also being able to make a meaningful contribution to the ongoing debate on sustainable rural 
livelihoods in the transition economies. 

5.3. Limitations and Future Research Recommendations 

This study has strong findings, but it is not without limitations which should be considered. To 
begin with, the use of national level data, although required in macroeconomic analysis, conceals 
significant sub-national differences in livelihood capital endowments and potential NWFP in various 
regions of Turkmenistan. Second, the fact that complex variables such as social capital are measured 
using proxy variables, though methodologically correct, might not effectively measure the factual 
dimensions on institutional quality and community networks. Third, the time-series design, though 
providing significant information about the dynamics over time, cannot provide causal relationships 
as assured by experimental designs. The limitations of this study should be narrowed down in future 
studies using various avenues that are promising. Household survey data gathered at the micro-level 
may identify intra-country differences and household specific processes which are not identifiable in 
aggregate. Mixed-method research technologies that entail the qualitative inquiries would be useful 
in unbundling the processes by which the various capitals engage and affect the results of NWFP. 
The comparison of the nations in Central Asia might uncover the country-specific patterns and 
lessons to be applied. Moreover, the influence of climate change variables on livelihood capital-
NWFP nexus is one of the emerging research frontiers because as the environment places more 
pressure on the forest ecosystems of arid areas, the problem is growing. 

6. Conclusions 

This study presents strong empirical findings to establish that the processes of creating Non-
Wood Forest Products in Turkmenistan are mainly conditioned by the multidimensional endowment 
of livelihood capitals that have specific but interrelated trajectories. The results strongly prove that 
all the five types of capital human, natural, financial, physical, and social play a significant role in 
NWFP development, though the human and physical capital leads to the short-term development, 
and the financial and institutional capitals provide the preconditions to the long-term development. 
The study provides significant contributions to the theoretical base on which it confirms the 
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Sustainable Livelihoods Framework in an isolated post-Soviet setting, showing the dynamic 
interaction between the types of capitals and the specific influence they have on time. The highly 
adaptive process that has been marked in the error correction model also helps in explaining the 
resiliency and adaptability of livelihood systems in transition economies. The methodological 
implications of the benefits of the identified relationships are that the results of the various estimation 
methods remain consistent, which has never been done before, and this is the answer to the questions 
of specification sensitivity with time-series analysis. Finally, this analysis transcends on easy-to-
follow solutions of the resource-based development concept to provide a delicate insight on the role 
of interplay of various livelihood capitals towards the creation of sustainable rural livelihoods. It has 
bridged the gap between the theoretical models and practical evidence, so that it offers a diagnostic 
instrument of the constraints of development, and a strategic instrument of designing specific 
interventions that can be used to achieve a state of accessing the potential of NWFPs as drivers of 
sustainable rural development in Turkmenistan and other transitional economies. 
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