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Evidence from Smallholder Forest Plantations in Northwest Vietnam
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1Technische Universität Dresden, Institute of International Forestry and Forest Products, Dresden,  Germany
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ABSTRACT

Despite Vietnam’s policy to expand forest plantations to meet the increasing demand for sawlogs, there still exist con-
cerns about the profitability of these plantations for smallholders. Strategies to endorse this policy seek to encourage 
smallholders to increase the rotation age of their plantations. To bridge this gap of limited information on the profitability 
of smallholder forest plantations, we compared the land expectation value (LEV) of two major plantation species under 
long rotation of 25 years. We calculated the LEV based on the Faustmann model using plantation establishment and man-
agement-related costs obtained from a survey of 30 households in Yen Chau District, Northwest Vietnam. This data was 
complemented by in-depth key informant interviews (n = 7) for triangulation. Our results found that both plantations, 
namely Tectona grandis and Chukrasia tabularis, were profitable under long-rotation conditions because the land expecta-
tion values were positive. However, Tectona grandis was more profitable with a much higher land expectation value than 
Chukrasia tabularis. The impacts of changes in timber prices and interest rates on the profitability of the plantations were 
also reported. Both plantations exhibited significant levels of sensitivity to variations in interest rates and timber prices. 
However, quite striking, these fluctuations did not reduce land expectation values to zero or negative, implying that the 
plantations were still profitable when subjected to market risks. Our results bear implications for policy that promotes 
long-rotation plantations by providing empirical evidence of the profitability and resiliency of long-rotation plantations 
under the socio-economic contexts and scenarios investigated in our study.

Keywords: Faustmann model, land expectation value, long rotation, profitability, smallholder forest plantations, Vietnam

Introduction

In terms of forest plantations, Vietnam is experiencing a massive increase in new forest plantation areas, which, 
compared to global estimates, positions the country among the global leaders (Cuong et al., 2020). This trend is 
driven by the global shift in domestic wood supplies over the past 50 years (Cuong et al., 2020), which has seen 
the area of forest plantations flourish in the country. Forest plantations have been used to replace the wood sup-
ply from natural forests due to dwindling areas of natural forests that are rapidly under change from exploitation 
(Cuong et al., 2020). In addition, the majority of the country’s forest plantation areas are under the management 
of smallholder farmers, which accords them with the decision-making power to choose the type of tree species 
for their plantations (Crowther et al., 2020). The most preferred tree species are Acacia mangium, Eucalyptus, and 
Manglietia conifera because of their shorter rotation lengths and early financial returns, which serve as an incen-
tive for their selection over the other plantation species like Pinus, teak, and indigenous species such as Styrax 
tonkinensis and Manglietia glauca (Cuong et al., 2020; Nambiar et al., 2015). 

The country’s model for forest plantation expansion promotes the use of fast-growing tree species in shorter 
rotations over long-rotation plantations. Approximately, a large part of the roundwood from these short-rota-
tion plantations is intended to feed the country’s woodchip production industry (Tham et al, 2021). By 2020, 
Vietnam had reached a record high in industrial roundwood production at 37,335,420,000 m3 (Vietnam News 
Association, 2023). However, there has been a shift in the utilization of roundwood as the furniture industry 
has grown rapidly, making Vietnam the fourth-largest furniture exporting country in the world (Tham et  al, 
2021). Despite this, the country heavily relies on imported raw wood products to meet the demand for furni-
ture exports (Arvola et al., 2021). In 2023, Vietnam imported 406,300 m3 of raw wood materials, equivalent to 
US$133.0 million, for furniture production (International Tropical Timber Organization, 2023). Furthermore, with 
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a goal to earn 25 billion USD from wood and wooden product exports 
by 2030 (Vietnam News Association, 2023), there is a pressing need for 
investment in domestic wood production (Hung et al., 2019). This aligns 
with the government’s encouragement for smallholders to extend rota-
tion lengths, aimed at supporting the national furniture manufacturers 
and construction industries (Arvola et  al., 2021; Maraseni et  al., 2017; 
Ministry of Agriculture and Rural Development, 2015; Pistorius et  al., 
2016). Previous evidence presented by several researchers (Arvola et al., 
2021; Hamrick & Gallant, 2018; White et al., 2018) suggests that long-
rotation plantations not only offer diversified income opportunities for 
smallholders but also contribute significantly to climate change miti-
gation, allowing smallholders to explore revenue streams from carbon 
markets. This is crucial because additional income from carbon credit 
markets could incentivize smallholders to prolong their rotation times. 
However, progress on this goal is slow, given that smallholders are 
unsure about the financial prospects of long-rotation plantations since 
there is limited information on their financial returns under different 
management regimes (Maraseni et al., 2017). 

Therefore, in this study, Tectona grandis and Chukrasia tabularis plan-
tations were chosen because they are typically established for long 
rotations, have high economic values, and are most recommended for 
plantation establishment in the Northwest region of Vietnam accord-
ing to decision no. 4961/QD-BNN-TCLN issued by the Ministry of 
Agriculture and Rural Development on November 17, 2014. This deci-
sion outlines the catalogue of potent tree species and plants for for-
est production and afforestation, categorized according to ecological 
regions. More importantly, since empirical findings on the compara-
tive profitability analysis of T. grandis and C. tabularis plantations under 
different spacings and rotation lengths are still limited in Vietnam, our 
research intends to fill this lacuna of information. 

Hence, the main objective of this research was to compare the land 
expectation value (LEV) for two major plantation species as a basis to 
judge their profitability under different spacing scenarios. To this end, 
we analyzed the impact of fluctuations in timber prices and interest 
rates to better understand how these affect the profitability of the 
plantations. Our research is intended to contribute to the empirical evi-
dence on the profitability of the two plantation types for smallholder 
farmers in the study area to inform their decision on tree selection for 
plantation establishment. The current efforts to increase the share of 
smallholder farmers growing long-rotation plantations could benefit 
from our study regarding the financial prospects of the long-rotation 
plantations under study.

Material and Methods

Model of the Study
This study examined the profitability of C. tabularis and T. grandis plan-
tations managed by smallholder farmers in Yen Chau District, Son La 
Province, Northwest Vietnam. Both plantations are even-aged planta-
tions under long-rotation periods of 25 years. We applied the Faustmann 
model (1849) to compute the profitability of the two even-aged forest 
plantations to decide which forest management regime is best for the 
given species on the specific site from a financial standpoint because 
the model considers the net present value (NPV) of an infinite series 
of identical, even-aged forest rotations, starting from bare land (see 
Equation 1). The Faustmann formula’s ability to account for long-term 
considerations, discount future cash flows, and flexibility such that it 
can be adapted to various forestry scenarios and management regimes 
over time makes it a valuable tool for economic analysis and decision-
making in forestry compared to other models (Hyytiäinen & Tahvonen, 

2003). The formula enables the determination of the optimal economic 
rotation age for both even- and uneven-aged forests across various 
spacing regimes while taking into account the opportunity costs asso-
ciated with land. 
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It is denoted that LEV = land expectation value, Creg = cost of regenera-
tion in the first year measured in (US$/ha), Cweeding = cost of weeding 
in year t measured in (US$/ha), Cpruning = cost of pruning in year t mea-
sured in (US$/ha), T = the harvest age of forest stand, t = age of the forest 
stand, q = guiding rate of return factor (q = 1 + ig, where ig = guiding rate 
of return), VS = stumpage value (US$/ha) (Faustmann, 1849).

In addition, forest plantations are considered a long-term investment 
(Enters et al. 2003), which means they are subject to risks associated 
with volatility in timber prices and interest rates. Thus, risks should be 
considered when making forest management decisions, such as the 
age to harvest the forest plantation. Analyzing risks based on sen-
sitivity is one way to account for risk factors in profitability calcula-
tions. Earlier studies have also examined how economic conditions 
affect forest profitability and rotation length. For instance, Parajuli 
and Chang (2012) considered fluctuations in timber prices in their 
sensitivity analysis. Furthermore, Chang (1983) and Newman et  al. 
(1985) investigated the effect of price level changes on optimal rota-
tion lengths. Therefore, in our study, we included the impact of risks 
associated with changes in timber prices and interest rates on the 
profitability of smallholder forest plantations in Yen Chau District, 
Northwest Vietnam.

Study Area
The research was conducted in Yen Chau District, Son La Province, in 
the northwest part of Vietnam (see Figure 1). The following criteria 
guided our selection of the study area: (1) the area has one of the 
highest concentrations of T. grandis plantations in Vietnam, (2) the 
area contains promising areas of C. tabularis plantations, and (3) the 
approach of using land expectation value (LEV) as a proxy to esti-
mate the profitability of smallholder forest plantations is limited in 
the plantation economic analysis literature for Vietnam because most 
in-country studies use net present value (NPV) and internal rate of 
return (IRR). 

Yen Chau District is located in the mountainous area that lies within 
the latitude range of 21° 00’ to 21° 04’ North and the longitude range of 
104° 05’ to 104° 40’ East. The total land area of Yen Chau is 85,776 hect-
ares (Official website of Son La Province, 2020). The terrain of Yen Chau 
is quite complex and sharply divided. The high limestone mountains 
divide the district into two distinct regions: the basin, with an average 
elevation of 400 m above sea level, and the highland, with an average 
elevation of 900–1000 m above sea level (ibid). However, a large part of 
the region’s land area comprises large slopes, representing one of the 
primary limitations to agricultural intensification.

A tropical monsoon climate with an annual average temperature of 
23°C characterizes the climate of Son La province. The area is character-
ized by two distinct seasons: a rainy season that spans from May ending 
in October and a dry season typically starting from November to April. 
The average precipitation is approximately 1042 mm annually (Official 
website of Son La Province, 2020). 
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Sampling Strategy and Sample Size
A multi-stage sampling strategy was employed to select Yen Chau dis-
trict within Son La Province, considering its geographical representa-
tiveness as one of the regions with the highest concentration of teak 
and Indian mahogany. In the next stage, simple random sampling was 
employed to select two communes—Tu Nang and Sap Vat within the 
district, considering the tree-growing dependent lifestyles of the inhab-
itants. In the final stage, we obtained a list of the tree-growing house-
holds from the local forestry extension office to develop a sampling 
frame, from which 30 households were selected by a systematic ran-
dom approach following a specific set of criteria to allow for the assess-
ment of economic viability. The specific criteria include the size of the 
plantation, ownership status of the land, willingness to participate, and 
commitment to a 25-year rotation period.

We chose a sample size of 30 respondents for our analysis because 
our study focused on a specific target population (smallholder tree 
growers in this case), which is relatively homogeneous in terms of 
demographics, given that all the respondents were smallholder tree 
grower households. In this case, a sample size of 30 can be considered 
adequate to achieve representativeness. Furthermore, the practical 
limitations associated with the cost, time, and difficulty to access the 
target smallholder tree growers living in mountainous terrain further 
justify our selection of 30 respondents. This enables us to strike a bal-
ance between statistical rigor and resource constraints, allowing us to 
determine a sample size that is both manageable and representative. 
The small sample size of 30 was also selected to ensure a deeper focus 
on each individual respondent, allowing us to explore in great detail 
their respective perspectives, experiences, and tree-growing practices. 
This approach supports our study’s goal of exploring trends and pat-
terns within households involved in teak and Indian mahogany planta-
tion activities. 

Data Collection
The study utilized both primary and secondary data. During pri-
mary data collection, face-to-face interviews delivered through a 

semi-structured questionnaire consisting of open- and closed-ended 
questions were administered to household heads or adult household 
members above 18 years in the absence of the household heads. The 
questionnaire was designed to acquire financial data on the associated 
costs of all plantation and maintenance activities as well as the benefits 
from the sale of the standing trees at the end of the rotation since the 
smallholders did not carry out thinning and harvesting operations. So, 
our financial calculation did not include data on the cost of thinning, 
harvesting, and transportation. Benefits from the plantations were cal-
culated based on the number of trees per hectare according to the 
plantation spacing because the trees were not harvested but sold as 
standing trees. 

Since data collection also relied on a recall process that required the 
smallholders to answer questions on plantation activities, they carried 
out several years ago, we complemented the household surveys with 
in-depth key informant interviews for adequate triangulation. We pur-
posively selected seven key informants: two district representatives, two 
forest rangers, two community members, and one government forest 
management official. These individuals were considered highly knowl-
edgeable due to their daily engagement in plantation establishment 
and management activities. Combining a mixed-methods approach 
ensured the reliability of our data because the weaknesses of one 
data collection method could be complemented by the other, which 
is helpful for triangulation (Christie et al., 2008). Secondary sources of 
data were obtained from published literature archived in reputable 
databases online and gray literature on the economic analysis or per-
formance of forest plantations in the region.

Plan of Calculation
For the optimal economic forest plantation rotation simulation, 25-year 
old C. tabularis and T. grandis were chosen using the spacings at the 
time of plantation establishment. The spacings adopted in our simu-
lation ranged from 2.5 × 2.5 m, 3 × 3 m, to 4 × 4 m. Our simulation 
accounts for a 90% survival rate, considering factors such as wind dam-
age, pests, and diseases despite smallholders' replanting efforts.

Figure 1. 
Map of the study area (modified from Kofler, 2012).
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We applied the cost and revenue data derived from the face-to-face 
interviews with the smallholder farmers and the key informants in the 
study region to compute the cost and revenue structure for the two 
plantations (see Supplementary Material for the detailed breakdown). 
Timber prices were obtained from the household survey data and 
cross-checked during the key informant interviews for coherency. For 
a comprehensive understanding, all the financial data was converted 
from Vietnamese dong to US$ to provide a generalized comparable 
monetary unit (Šálek & Sloup, 2012).

For our financial analysis, we used labor costs reported by the participants 
in our study. We opted for this approach to better understand the distinc-
tive characteristics of each farm, such as their operations, the types of trees 
they cultivate, the time it takes for these trees to mature, and the interest 
rates in their specific regions. By relying on the detailed information pro-
vided by the participants rather than more generalized market data, we 
gained a deeper insight into how labor is allocated and utilized on the 
farms. This method took into account factors like the types of crops grown, 
seasonal variations, and farming practices, resulting in a more accurate 
representation of the actual labor costs for our study group. To ensure the 
precision and reliability of our financial calculations, we conducted sensi-
tivity analyses using the reported data from the sample participants.

To determine the real interest rate to use, the nominal interest rate of 
6% was applied, along with a 2.89% inflation rate obtained from the 
General Statistics Office in August 2022. This corresponds to the com-
mon nominal interest rate used in the region by the Bank for Social 
Policies to charge the lowest loans to poor households or ethnic minori-
ties (Cuong et al., 2020; Vietnam Government, 2012). Additionally, the 
Five Million Hectares Reforestation Program gives out loans at annual 
interest rates of 6–7% to households that have a contract with the 
State Forest Enterprise for afforestation activities (Cuong et  al., 2020). 
Therefore, we chose a real interest rate of 3% after subtracting the infla-
tion rate from the 6% nominal interest rate (Table 1). 

Concerning the sensitivity analysis, we employed interest rates at both 
6% and 18% to assess how variations in these rates impact the profit-
ability of C. tabularis and T. grandis plantations. Additionally, the sensi-
tivity analysis included changes in timber prices, ranging from a 50% 
increase to a 50% decrease, to understand their effects on the profitabil-
ity of forest plantations. This manual sensitivity analysis involved adjust-
ing interest rates and timber prices to explore their respective impacts 
on profitability.

Statistical Analysis
Qualitative and quantitative methods were used to analyze the collected 
data. Qualitative data obtained from the interviews were recorded and 

then transcribed into text, which we used in framing our discussion of 
the results. The quantitative data were analyzed with Microsoft Excel 
to evaluate the profitability of the smallholder forest plantations under 
the different management regimes. The analyzed data was presented 
in descriptive statistics as tables and figures with the aid of ggplot pack-
age in R Studio version 3.6.2 (R Core Team, 2020). 

Results and Discussion

Smallholder Farmers’ Motivations for Growing Chukrasia 
tabularis and Tectona grandis Plantations
Our result clearly establishes the existence of four prevailing drivers that 
motivated the smallholder farmers to grow C. tabularis and T. grandis 
plantations in the study area. Slightly above 50% of the respondents 
emphasized that the economically attractive nature of Tectona grandis 
was a very important reason that influenced their decision to choose 
the species over C. tabularis (see Figure 2). The perception that C. tabu-
laris was also economically attractive was not acknowledged by most 
farmers, with a large majority expressing neutral claims about the spe-
cies’ economic attractiveness. However, the need to obtain income was 
similarly considered an important factor for growing both tree species. 
This finding confirms those reported by Tham et al. (2020) that financial 
incentives are the driving factors that influence smallholders’ decisions 
to engage in plantation establishment. 

While the existence of a supportive policy environment that promotes 
the establishment of the two species in plantations was revealed as 
one of the most important reasons that motivated smallholder farm-
ers to grow them in their plantations, the support services from the 
government have been identified as the underlying reason for widen-
ing the divide between poor and rich households because the latter 
are more likely to access support services such as loans, land rights, 
and seedlings for plantation activities than poorer households (Nguyen 
& Tran, 2018; Sikor & Baggio, 2014; Tham et  al., 2020). Therefore, the 
administration of government subsidies for investment in forest planta-
tions should prioritize poorer households due to their financial incapa-
bility to shoulder the enormous initial investment cost associated with 
plantation establishment (Cuong et  al., 2020). However, the need for 
obtaining fuelwood and timber by the smallholders was of low impor-
tance in their decision to select either of the two species for plantation 
establishment. 

Profitability of Smallholder Chukrasia tabularis Plantations
The profitability of C. tabularis forest plantations was evaluated at vari-
ous spacings in the study area. LEV was highest at 2.5 × 2.5 m plant-
ing intervals for the 25-year rotation of C. tabularis plantations. The 
LEV also showed patterns of reduction with an increase in planting 
density, which implies that the LEV was lower in the wider spacings. 
However, the LEVs at the 3 x 3 m spacing showed a striking similarity 
between the 25-year rotation plantations of C. tabularis and T. grandis 
(see Tables 2 and 3). The LEVs obtained in our results fall in the same 
range as those reported by Ota et al. (2022) for 15- and 20-year-old rota-
tions of Sandalwood at an interest rate of 8%. However, our computed 
LEVs are considerably higher than the LEVs for long-rotation plantations 
at a 4% discount rate in Australia (Venn, 2005). These differences in 
LEVs across global case studies reflect varying conditions influenced by 
growth rates, management regimes, input costs, and stumpage prices 
(Cubbage et al., 2020). 

Profitability of Smallholder Tectona grandis Plantations
As shown in Table 3, the LEV at the real interest rate of 3% was highest 
at the 2.5 × 2.5 m spacing for 25-year rotation of T. grandis plantations 

Table 1. 
Overview of the Conducted Simulation Scenarios

Plantation/Rotation Spacing (m) Real Interest Rate (i) (%)

Indian mahogany (Chukrasia 
tabularis) 25

2.5 × 2.5 3

3 × 3

4 × 4

Teak (Tectona grandis) 25 2.5 × 2.5 3

3 × 3

4 × 4

Note: m = Meter; i = Real interest rate; LEV = Land expectation value.
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with values of 61,709 US$ ha-1. The result is quite similar to the previous 
one for C. tabularis plantations, in which the 2.5 × 2.5 m was also the 
most profitable in terms of LEV. The common trend clearly visible from 
the results showed that for 25-year rotation, T. grandis performed better 
in terms of profitability measured in LEV than the C. tabularis planta-
tions across all the spacings at the real interest rate of 3%. Therefore, 
compared with C. tabularis plantations under 25-year rotations, T. gran-
dis plantations proved to be the most profitable and optimal land use 
for the smallholder farmers in the study area. The results obtained in our 
study present LEVs that are significantly higher than those reported by 

Cubbage et al. (2020) for T. grandis at an 8% discount rate in Laos but 
are within the same range with LEVs for T. grandis in Mexico at the same 
discount rate.

Sensitivity Analysis for Changes in Interest Rates for 25-Year 
Rotation Plantations
The impact of changing interest rates on the profitability of C. tabu-
laris and T. grandis 25-year rotations is shown in Figure 3. Our findings 
revealed that a change in interest rates impacted the profitability of the 
two forest plantations, which is consistent with earlier studies (Bessaad 
et al., 2021; Blackburn et al., 2020; Cuong et al., 2020; Ota et al., 2022). 
When interest rates increased from 3% to 6% and then 18%, the LEV of 
a 2.5 × 2.5 m T. grandis plantation decreased dramatically from 61,709 
to 21,376 and then to 2,378 US$ ha−1, respectively. This is consistent 
with the assertion by Bessaad et al. (2021) that plantation profitability 
is mostly higher under low discount rates, with profitability lowering as 
the discount rate rises. This is visible in our result, in which the LEVs of 
the 25-year C. tabularis plantations at 2.5 × 2.5 m experienced a signifi-
cant decline from 35,516 to 12,814, and 2,120 US$ ha-1 when the interest 
rate was increased from 3% to 6% and 18%. Therefore, we could confirm 
that the T. grandis plantations in our study are more susceptible to fluc-
tuations in interest rates than C. tabularis plantations (See Figure 3). A 
plausible explanation for this might be that T. grandis plantations require 
more financial investment during the initial plantation establishment 
phase than C. tabularis, making the former more sensitive to interest 
rate change. This agrees with Guo et al. (2006), who attributed the high 
investment cost associated with establishing and managing rubber–tea 
intercropping as the underlying reason why the land use system was 
more vulnerable to interest rate changes than monoculture plantations 
of rubber and tea. Maraseni and Cockfield (2011) further explained why 
financial returns from forest plantations are reduced when interest rates 
are increased. They attributed the heavy discounting of benefits more 
than costs since benefits are realized in the later years while costs are 
incurred earlier. 

Table 2. 
Land Expectation Values Across the Different Spacings for Chukrasia 
tabularis Plantations

Rotation (Years) Spacing (m) LEV at i = 3% (US$/ha)

25 2.5 × 2.5 35,516

3 × 3 25,003

4 × 4 14,723

Note: m = Meter; i = Real interest rate; LEV = Land expectation value.

Table 3. 
Land Expectation Values Across the Different Spacings for Tectona grandis 
Plantations

Rotation (Years) Spacing (m) LEV at i = 3% (US$/ha)

25 2.5 × 2.5 61,709

3 × 3 25,039

4 × 4 27,678

Note: m = Meter; i = Real interest rate; LEV = Land expectation value.

Figure 2. 
Smallholder farmers’ motivations for growing Chukrasia tabularis and Tectona grandis plantations.
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However, this does not discard the evidence that C. tabularis plantations 
at the 2.5 × 2.5 m and 3 × 3 m spacings were also somewhat sensitive to 
changes in interest rates, albeit the extent of their sensitivity was less pro-
nounced compared to the T. grandis plantations. The C. tabularis planta-
tion at 4 × 4 m was the least sensitive to rising interest rates for 25 years 
of rotation length (see Figure 3). This result is consistent with Blackburn 
et al. (2020), who reported high economic performance and resiliency 
for thinned smallholder acacia plantations under 6–8 years of rotations 
at a discount rate of 12%. This emphasizes that thinned stands, suppos-
edly of wider spacing, could be more resilient than their narrow-spaced 
counterparts. Therefore, it is in the best interest of smallholders that are 
currently growing plantations at narrow spacings without carrying out 
thinning to consider the benefits of early thinning because the wide 
spacings that result from thinning will contribute to increasing the resil-
ience of the plantation to high interest rates while also providing wood 
for household use or market sale. Despite the relevance of thinning to 
build resilience against interest rate change, there is evidence that the 
practice also predisposes trees to wind damage (Nambiar et al., 2015), 
representing a potential natural risk that was not considered in our sen-
sitivity analysis. However, thinning has been widely recommended for 
long-rotation plantations because it contributes to the overall health of 
the stand by removing inferior trees so that growth is concentrated in 
the few remaining trees (Maraseni et al., 2018)

Sensitivity Analysis for Changes in Timber Prices for 25-Year 
Rotation Plantations
Additionally, we proceeded to examine the influence of changing 
timber prices on the profitability of the two forest plantations for the 
25-year rotation, which are reflected in Figure 4. The results show that 
the LEVs of both forest plantations under all the spacings were affected 
when the timber prices were increased or decreased by 50%. This 
agrees with earlier studies by Bessaad et al. (2021) that fluctuations in 
wood prices ranging from +50 to −50% significantly impact the LEV of 
long-rotation oak plantations. The LEVs in our study increased with an 
increase in the timber price and decreased with a reduction in the tim-
ber price. This implies that if the timber price increase by 50%, the LEVs 
for a 25-year plantation of T. grandis at 2.5 × 2.5m would increase from 
61,709 US$ ha−1 to 91,325 US$ ha−1. The reverse trend is similar in that 
a 50% reduction in timber price would cause the LEV to decrease from 
61,709 US$ ha−1 to 32,094 US$ ha−1. This is consistent with the asser-
tion of Maraseni et al. (2017) that plantations exhibit high sensitivity to 
decreases in timber prices. However, the consequences of such high 
sensitivity are often more pronounced on shorter rotation plantations, 
thereby supporting their claim that long-rotation plantations are bet-
ter off dealing with the risk of fluctuations in timber prices. Despite 
their supposed capability to adapt to variations in timber prices, long-
rotation plantations could also be dramatically affected by changing 

Figure 3. 
Effect of changing interest rates on the profitability of 25-year-old forest plantations.

Figure 4. 
Effect of changing timber prices on the profitability of 25-year-old forest plantations.
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timber prices, which contradicts Maraseni et  al. (2017), who opined 
that timber price changes might not greatly affect long-rotation plan-
tations. Our results provide empirical evidence that the impacts of 
timber price changes are significantly greater, particularly for T. gran-
dis plantations. A probable reason to support our results could be the 
assertion of Bessaad et  al. (2021) that economically valuable timber 
species are more sensitive to timber price fluctuations, which holds 
true for T. grandis, whose timber commands a higher economic value 
than C. tabularis. 

Among the scenarios, the T. grandis plantation with 2.5 × 2.5 m was 
the most sensitive to timber price changes for 25 rotation lengths (see 
Figures 4). Contextually, this generally implies that a decrease in the 
price of T. grandis timber does not make switching to C. tabularis planta-
tions the optimal land use profitable for the smallholders because the 
profitability of both species types was influenced by timber price varia-
tion in a similar trend.

Conclusion

Even though the Vietnam government intends to encourage small-
holder farmers to grow long-rotation plantations to meet sawlog and 
furniture demand, smallholder farmers still have concerns about the 
financial returns from long-rotation plantations because of their high 
time preference rate for money to sustain their livelihoods (Maraseni 
et al., 2017). Our study compared two long-rotation plantations, namely 
C. tabularis and T. grandis smallholder plantations in Northwest Vietnam, 
to ascertain their potential profitability as a basis to inform the deci-
sion-making capability of smallholders in dealing with the trade-offs 
between the choice of short rotations with early financial returns—
suited to meet their immediate cash needs and long-rotations with 
delayed financial returns. 

Our results found that despite the long periods of waiting for trees to 
reach harvest age in long rotations, the plantations were substantially 
profitable under the scenarios investigated in our study since all the 
LEVs for the two plantation species were positive under both rotation 
lengths. Therefore, we provide empirical evidence to confirm the prof-
itability of these plantations for the smallholder farmers in our study 
area. However, since we did not compare the profitability against short-
rotation plantations, we could only propose the profitability under 
long-rotation conditions. More importantly, because the LEVs from our 
study were substantially higher at the end of 25-year rotations, we are 
in a position to advise that the financial returns for waiting extra years 
on long- rotation plantations might be worthwhile from an economic 
standpoint because the returns on investment were considerably 
higher as compared to other short rotation and long-rotation planta-
tions from other parts of the world that we reviewed in our results and 
discussion section. The high LEVs obtained from the long-rotation plan-
tations in our study incentivize smallholders to grow their trees for lon-
ger periods. However, this alone is insufficient to convince smallholders 
to change their land use from short to long rotations. Support systems 
are highly recommended to incentivize them by facilitating their access 
to land, loans, and cost-sharing schemes. Through this, smallholders 
can reduce their desire for rapid cash flow, giving them the flexibility 
to wait extra years for their long-rotation plantations to reach harvest 
age. Furthermore, smallholders cultivating long-rotation plantations 
can benefit from additional income streams via carbon credit markets. 
Long rotations are known to sequester more carbon compared to short 
rotations. Therefore, facilitating smallholders’ access to the carbon credit 
market could serve as a powerful incentive for them to embrace longer 
rotations as a strategy for diversifying their income.

Our results confirm that smallholders in our study area in Vietnam can 
potentially profit from contemporary timber production by growing T. 
grandis and C. tabularis plantations. However, the T. grandis plantations 
outperformed C. tabularis plantations under the prevailing investigated 
scenarios, confirming our earlier results that the perceived economic 
attractiveness of T. grandis is the primary motivation for its selection by 
smallholder farmers in the region. Thus, the species may be more eco-
nomically beneficial for smallholder farmers to grow over C. tabularis 
because it produced the highest profits in terms of LEV under 25-year 
rotation lengths at a 3% interest rate.

Limitations of the Study

Although the findings from this study are useful for decision-makers 
and smallholder farmers, our study bears limitations that should be 
acknowledged. The wages used to calculate labor cost in our study 
were obtained from smallholder farmers, and this constitutes mainly 
labor from family members. So, the labor cost used in our financial 
calculation might be lower than the actual labor cost in the market, 
resulting in higher profitability. Furthermore, the seedling cost was sub-
sidized through the government’s cost-sharing programs, so the cost 
used in our estimation was lower than the actual market cost, which 
could potentially overestimate our profits. Finally, since our results 
are based on a small subset of respondents from a particular region, 
care must be taken to avoid generalization when applying the results 
to other areas in Vietnam with different socio-economic and ecologi-
cal contexts. However, incorporating aspects of genetic or silvicultural 
improvements in future studies may potentially help mitigate this 
limitation.

Note
1. Conversion rate of Vietnamese Dong (VND) to US dollar (US$) at the 
time of the study (August 2022): 0.0000423 USD = 1 VND.
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Supplementary Materials

Appendix (1): Cost and Revenue Structure for Chukrasia tabularis Plantation for 25 Years at 2.5 × 2.5 m

Year Activities Unit Quantity Unit Cost Total Cost (US$/ha) Revenue (US$/ha)

Year 1 Site preparation Man-day 21 7.65 159.63

 Cleaning the burned waste Man-day 33 7.65 248.88

 Planting materials No/ha 1,600 0.085 136

 Planting materials transport cost 12 7.65 91.8

 Pitting and planting Man-day 40 7.65 308.55

 Weeding Man-day 22 7.65 170

 Tools No/ha 6 8.49 50.94

 Fertilizer application kg 300 0.11 33

Year 2 Weeding Man-day 5 7.65 38.25

 Replanting Man-day 8 7.65 61.2

Year 3 Weeding Man-day 10 7.65 76.5

 Tools Man-day 3 7.65 22.95

Year 4 Weeding Man-day 4 7.65 27.54

 Other cost (Pruning) Man-day 6 7.65 45.9

Year 5 Weeding Man-day 3 7.65 22.95

Year 6 Weeding Man-day 3 7.65 22.95

Year 25 Final harvest trees/ha 1,440 25.48 36,691.2

Appendix (2): Cost and Revenue Structure for Tectona grandis Plantation for 25 Years at 2.5 × 2.5m

Year Activities Unit Quantity Unit Cost Total Cost (US$/ha) Revenue (US$/ha)

Year 1 Site preparation Man-day 17 7.65 131.58

Cleaning the burned waste Man-day 24 7.65 181.56

Planting materials No/ha 1,600 0.085 136

Planting materials transport cost Man-day 14 7.65 107.1

Pitting and planting Man-day 34 7.65 260.1

Weeding Man-day 20 7.65 153

Tools No/ha 3 8.49 25.47

Fertilizer application Man-day 280 0.11 30.8

Year 2 Weeding Man-day 8.5 7.65 65.025

Replanting Man-day 6 7.65 45.9

Year 3 Weeding Man-day 6 7.65 45.9

Other cost (Pruning) Man-day 4 7.65 30.6

Year 4 Weeding Man-day 5 7.65 38.25

Year 5 Weeding Man-day 5 7.65 38.25

Year 6 Tools No/ha 2 8.49 16.98

Year 25 Final harvest trees/ha 1,440 44.99 64,785.6



Appendix (3): Cost and Revenue Structure for Chukrasia tabularis Plantation for 25 Years at 3 × 3m

Year Activities Unit Quantity Unit Cost Total Cost (US$/ha) Revenue (US$/ha)

Year 1 Site preparation Man-day 21 7.65 159.63

Cleaning the burned waste Man-day 33 7.65 248.88

Planting materials No/ha 1,111 0.085 94.435

Planting materials transport cost Man-day 10 7.65 76.5

Pitting and planting Man-day 34 7.65 260.1

Weeding Man-day 22 7.65 170

Tools No/ha 6 8.49 50.94

Fertilizer application kg 200 0.11 22

Year 2 Weeding Man-day 5 7.65 38.25

Replanting Man-day 8 7.65 61.2

Year 3 Weeding Man-day 10 7.65 76.5

Pruning Man-day 10 7.65 76.5

Year 4 Weeding Man-day 0 7.65 0

Pruning Man-day 6 7.65 45.9

Year 5 Weeding Man-day 3 7.65 22.95

Year 6 Weeding Man-day 3 7.65 22.95

Year 25 Final harvest trees/ha 999 25.48 25,454.52

Appendix (4): Cost and Revenue Structure for Tectona grandis Plantation for 25 Years at 3 × 3 m

Year Activities Unit Quantity Unit Cost Total Cost (US$/ha) Revenue (US$/ha)

Year 1 Site preparation Man-day 17 7.65 131.58

Cleaning the burned waste Man-day 24 7.65 181.56

Planting materials No/ha 1,111 0.085 94.435

Planting materials transport cost Man-day 12 7.65 91.8

Pitting and planting Man-day 30 7.65 229.5

Weeding Man-day 20 7.65 153

Tools No/ha 3 8.49 25.47

Fertilizer application Man-day 150 0.11 16.5

Year 2 Weeding Man-day 8.5 7.65 65.025

Replanting Man-day 6 7.65 45.9

Year 3 Weeding Man-day 10 7.65 76.5

Other cost (Pruning) Man-day 0 7.65 0

Year 4 Weeding Man-day 0 7.65 0

Year 5 Weeding Man-day 0 7.65 0

Year 6 Tools No/ha 0 8.49 0

Year 25 Final harvest trees/ha 999 25.11 25,084.89



Appendix (5): Cost and Revenue Structure for Chukrasia tabularis Plantation for 25 Years at 4 × 4 m

Year Activities Unit Quantity Unit Cost Total Cost (US$/ha) Revenue (US$/ha)

Year 1 Site preparation Man-day 21 7.65 159.63

Cleaning the burned waste Man-day 33 7.65 248.88

Planting materials No/ha 625 0.085 53.125

Planting materials transport cost Man-day 10 7.65 76.5

Pitting and planting Man-day 34 7.65 260.1

Weeding Man-day 22 7.65 170

Tools No/ha 6 8.49 50.94

Fertilizer application kg 100 0.11 11

Year 2 Weeding Man-day 5 7.65 38.25

Replanting Man-day 8 7.65 61.2

Year 3 Weeding Man-day 10 7.65 76.5

Pruning Man-day 10 7.65 76.5

Year 4 Weeding Man-day 0 7.65 0

Pruning Man-day 6 7.65 45.9

Year 5 Weeding Man-day 3 7.65 22.95

Year 6 Weeding Man-day 3 7.65 22.95

Year 25 Final harvest trees/ha 562 25.48 14,319.76

Appendix (6): Cost and Revenue Structure for Tectona grandis Plantation for 25 Years at 4 × 4m

Year Activities Unit Quantity Unit Cost Total Cost (US$/ha) Revenue (US$/ha)

Year 1 Site preparation Man-day 17 7.65 131.58

Cleaning the burned waste Man-day 24 7.65 181.56

Planting materials No/ha 625 0.085 53.125

Planting materials transport cost Man-day 5 7.65 38.25

Pitting and planting Man-day 28 7.65 214.2

Weeding Man-day 20 7.65 153

Tools No/ha 3 8.49 25.47

Fertilizer application Man-day 25 0.11 2.75

Year 2 Weeding Man-day 13 7.65 99.45

Replanting Man-day 6 7.65 45.9

Year 3 Weeding Man-day 6 7.65 45.9

Other cost (Pruning) Man-day 0 7.65 0

Year 4 Weeding Man-day 0 7.65 0

Year 5 Weeding Man-day 0 7.65 0

Year 6 Tools No/ha 0 8.49 0

Year 25 Final harvest trees/ha 562 50.22 28,223.64



Questionnaires for Households With Teak (Tectona grandis)/Indian Mahogany (Chukrasia tabularis) Plantation

Section 1: General information about household

1.1	 Name of village: 									       
1.2	 Name of commune 									       
1.3	 Name of district									       
1.4	 Name of Enumerator: 									       
1.5	 Date of Interview: 									       
1.6	 Name of Respondent: 									       
1.7	 Household size: In total, how many people live in the household? 					  
1.8	 What is the total size of land managed by the household? 				          (ha)
1.9	 Mode of acquiring land
	 Own [ ] = 1 Rent [ ] =2 Other: 			   [ ] =3
1.10	If you rent the land, what is the fee for renting? 				          (VND/month)
1.11	How long do you rent the land? 								      

Section 2: Information related to plantation establishment

2.1	 Which kind of forest plantation do you have? 
	 Teak (Tectona grandis) [ ] = 1 Indian mahogany (Chukrasia tabularis) [ ] = 2
2.2	 What are the reasons for growing this species? Please use a scale from 1 to 5 to rank the following factors in order of importance to you. (1= 

Most important factor(s) and 5 = Least important factor(s))

Possible Underlying Factors Rank

1 Economically attractive

2 The need for income

3 The need for fuelwood and construction materials

4 Decrease in prices of agricultural products

5 Supportive policies from local government/NGOs

6 Other (Specify)

2.3	 How large your forest plantation is? 						            (ha)
2.4	 How did you finance your forest plantation?
	 Self-financed [ ] =1 Loan (from 		  ) [ ] =2 Credit (from 		   ) [ ] =3
2.5	 If you receive loan/ credit, what is the interest rate? 					     %
2.6	 If you receive loan/credit, how long do you borrow money?
	 Less than 1 year [ ] =1 One year [ ] =2 Other: 			    [ ] =3
2.7	 Which kind of planting materials do you use?
	 Seed [ ] = 1 Seedling [ ]= 2 Stump [ ]= 3 Other 		   [ ] = 4
2.8	 How do you obtain the planting materials for your plantation?
	 Self-collection [ ] =1 buying [ ] = 2 Donation [ ]= 3 Other 		   [ ] = 4
2.9	 Where do you obtain the planting materials? 
	 Forest [ ] = 1 Private nursey [ ] = 2 Government [ ] = 3 Other farmers [ ] = 4 Other 		   [ ] = 5
2.10	 What is the cost of 1 kg of seeds if you buy the seeds? _ (VND)
2.11	The spacing of teak/Indian Mahogany plantation? And what is the initial stock? 
	 													          
2.12	What silvicultural activities do you carry out on your plantation? (Multiple answers possible)
	 Weeding [ ] = 1 Pruning [ ] = 2 Thinning [ ] = 3 Other: 			    [ ] = 4
2.13	What type of labor do you use for plantation activities?
	 Family labor [ ] =1 Hired labor [ ] = 2 Both [ ] = 3
2.14	Please quantify the number of laborers you use per hectare.

Type of Labour No. of Laborers for Plantation Activities Activities

Family labor

Hired labor

2.15	How many hours per day do you spend on plantation activities?
	 8 hours [ ] = 1 More than 8 hours [ ] = 2 Less than 8 hours [ ] = 3
2.16	Do you need to register the plantation? Yes [ ] = 1 No [ ] = 2
2.17	If yes, how much do you pay for registration fee? 			   (VND)



Section 3: Economic performance of Teak/Indian Mahogany plantation

3.1	 Please specify year*

Activities Unit Unit Price Quantity Cost (VND/ha) Revenue Cost (VND/ha)

Year 1 Site preparation Man-day

Cleaning the burned waste Man-day

Planting materials No/ha

Planting materials transport cost –

Lining/ marking Man-day

Pitting and planting Man-day

Weeding Man-day

Firebreak Man-day

Tools No/ha

Fertilizer Application Man/day

Administrative/ Management cost –

Other costs (Specify)

Year 2 Fire Protection Man-day

Weeding Man-day

Replanting Man-day

Other costs (Specify)

Year 3 Fire Protection Man-day

Weeding Man-day

Other costs (Specify)

Year 4 Fire Protection Man-day

Weeding Man-day

Other costs (Specify)

Year 5 Fire Protection Man-day

Weeding Man-day

Other costs (Specify)

Year 6 Fire Protection Man-day

Pruning Man-day

Other costs (Specify)

Year* Thinning Man-day

Other costs (Specify)

Year 25 Harvesting cost Man-day

Final harvest Man-day

3.2	 Do you transport your plantation product to the buyers?
	 Yes [ ] =1 No [ ] = 2
3.3	 If yes, how do you transport your products, and what is the cost of transportation (Specify unit)? 
	 												         
3.4	 What products do you get from your forest plantation? 
	 Timber [ ] = 1 Pole [ ] = 2, Fuelwood [ ] = 3, Other 		   [ ] = 4
3.5	 How much timber do you produce per hectare from your plantation? (m3/ha)
	 												         
3.6	 Please mention the products you sold and the amount of money you received.

Products Buyer Quantity sold Unit price Total income generated (VND)

Fuelwood

Pole

Timber

Other (specify)



3.7	 How has the timber price changed in the last 5 years?
	 Stable [ ] =1 Increase [ ] =2 Decrease [ ] =3 Fluctuating [ ] =4
3.8	 Do you know the reasons for these changes?
	 												         
3.9	 Indicate your perception about future demand for the plantation products.
	 Increase [ ] = 1 Decrease [ ] = 2 Remain the same [ ] = 3 Don’t know [ ] = 4
3.10	Indicate what you think the future prices for plantation products will be like
	 Increase [ ] = 1 Decrease [ ] = 2 Remain the same [ ] = 3 Don’t know [ ] = 4



Checklist for Key Informant Interview (District Officer)

Name of Respondent: 												          
Designation: _ Office: 												          
Name of District: 													           
Date of Interview: 													           

(1)	 How long have you been in this District? 										        
(2)	 What are the sources of wood supply in the district?
	 Private plantation [ ] = 1 Government plantation [ ] = 2 Other(specify) 						          [ ] = 3
(3)	 What kinds of support are offered to the farmers?
	 Loans [ ] = 1 Seeds [ ] = 2 Technology [ ] = 3 Extension [ ] = 4 Other:							           [ ] = 5
	 i.	 If your answer is loan, what are the interest rate and duration?
		  														            
	 ii.	 How much does the government supply seeds per household if the answer is the seed?
		  														            
	 iii.	 If the answer is technology, which kinds of technology/extensions do you offer to the farmers, and how many times?
		  														            
	 iv.	 If other, please answer more details (e.g., type, duration)
		  														            
(4)	 Which species do smallholder farmers prefer to grow on their farms between teak and Indian mahogany in the study area?
	 Teak (Tectona grandis) [ ] = 1 Indian Mahogany (Chukrasia tabularis) [ ] = 2
(5)	 What are the reasons for growing this species?
	 																             
(6)	 How much do you think is the rough estimate for the cost per hectare for teak/ Indian mahogany plantation (from establishment to harvesting)?
	 															                  (VND)
(7)	 Is there any market access for the smallholder farmers for their teak/ Indian mahogany plantation products?
	 																             
(8)	 What is the price of timber per tree?
	 Teak: 		   (VND)			   Indian mahogany: 			    (VND)
(9)	 What do you think is the future demand for plantation products?
	 Increase [ ] = 1 Decrease [ ] = 2 Remain the same [ ] = 3 
(10)	 What do you think the future prices for timber from teak and Indian mahogany will be like? 
	 Increase [ ] = 1 Decrease [ ] = 2 Remain the same [ ] = 3 
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