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Abstract 

Forest ecosystems are vital to global carbon cycling as sinks or sources, while fast-growing, adaptable 
pines such as P. kesiya and P. oocarpa are central to national carbon sequestration efforts. This study 
was aimed at determining biomass accumulation variations and carbon stock dynamics between 
these two species at the age of 16 years in the Viphya Plantations, a prominent timber producing area 
in northern Malawi. Following the systematic sampling, forest inventory data was collected from 20 
circular plots of 0.05 ha each. Above and below ground biomass was estimated using generic 
allometric models for pine species. Findings indicate that there were significant (P<0.001) differences 
in biomass accumulation and carbon sequestration between P. oocarpa and P. kesiya plantations. P. 
oocarpa accumulated more biomass (298.86±12.09 Mgha-1) than P. kesiya (160.13±23.79 Mgha-1). 
Furthermore, P. oocarpa plantation had a higher annual carbon sequestration (32.22±1.30 tCO2e/ha/yr) 
as compared to P. kesiya plantation (17.26±2.56 tCO2e/ha/yr). In addition, the uncertainty was less 
than 1% and fit within the IPCC’s recommended range (<15%). Therefore, the study has 
demonstrated that species selection should match management objectives: P. oocarpa maximizes 
short-to-medium term carbon sequestration and productivity, while P. kesiya supports long-term soil 
carbon stability. Hence, integrating both optimizes carbon benefits. 

Keywords: forests; pine plantations; biomass; carbon sequestration; uncertainty 
 

1. Introduction 

Forest ecosystems play a critical role in global carbon cycling by storing carbon, thereby 
contributing to climate change mitigation and sustainable forest management [1]. Within this broad 
context, plantation forestry research increasingly examines how species-specific growth patterns and 
stand development influence biomass accumulation and carbon stock dynamics [2]. Pine plantations 
are of great importance in biomass accumulation and carbon sequestration commitments because 
they are fast-growing, highly productive, and capable of storing large amounts of carbon in relatively 
short rotation periods [3]. 

Pine species, including P. oocarpa and P. kesiya are of great importance to Malawi’s carbon 
sequestration commitments as they dominate the timber plantations in Malawi [4]. The species are 
preferred for their relatively fast growing, ability to adapt to diverse conditions locally, in addition 
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to their quality of timber suitable for a wide range of uses; construction furniture and fuel wood [5]. 
Pine plantations in Malawi were predominantly established for commercial purposes to satisfy the 
demand for construction timber, furniture and fuel wood. Pine species are mainly preferred for their 
faster growing characteristics and provision of higher returns in a shorter period compared to native 
species [4]. Pine plantations, just like many others, support reduction of the pressures on native 
vegetation. The plantations help in meeting demand for harvested wood products efficiently [6]. Even 
though the Pine plantations were originally founded on commercial objectives, the plantations play 
a critical role in atmospheric carbon emissions offsetting. Pine species are currently preferred across 
the cross section of smallholder farmers, entrepreneurs and widespread stakeholders promoting land 
restoration as one of the most suitable to quicker achievement of carbon offsetting [7]. In a similar 
way as it was pointed out in Spain that pine plantations play unimaginable roles in the biomes 
regarding regulation of the carbon sinks in the shortest rotation periods, the observations cut across 
the globe [8]. 

P. kesiya is a native of Southeast Aisia and naturally grows in India, Myanmar, China, Thailand, 
Laos, Cambodia, Vietnam and Philippines. It is widespread and occurs in between 12° and 30°N 
latitude [6]. The species occurs in elevations ranges 350 to 2900 meters above sea level; however, it’s 
flourished in altitudes of around 1000 meters above sea level. Additionally, the species does well 
under moist conditions, with moderate to high rainfall [3]. P. Kesiya is the dominant Pine species in 
the country’s plantations alongside P. oocarpa. While P. kesiya’s thrives in a greater range of altitudes, 
its optimal range is recorded at altitudes below 1000 meters above sea level in Thailand [6]. P. kesiya 
has a potential of accumulating between 22 to 607 Mgha-1 of biomass [9]. P. kesiya is a fast-growing 
species and produces good quality timber. Morphologically the species develops abundance of 
branches and corns. Its other advantage falls on promoting continuous shoots all year round [6]. 
Additionally, P. kesiya adapts to a various range of soil types and tolerates nutrient poor soils and can 
grow up to 37 meters in height under favorable conditions [9]. The species is drought tolerant and 
moderately fire resistance [3]. On the other hand, regarding timber production, the species falls short 
in areas of Stem breakage by wind, low wood density, presence of compression wood and coarse 
branching. The unique properties of P. kesiya make it an important species for carbon sequestration 
purposes [6]. 

P. oocarpa a closed cone Pine species is a native of Mexico and Central America [10]. The species 
is one of the early exotic timber species introduced in Malawi in the early 1950s by the Government 
of Malawi following its aspiration for timber production [9]. P. oocarpa is found in the semi-arid to 
moist tropics and subtropics, where it occurs at an altitude range of 350-2500 meters above sea level. 
However, the species grows best between 1200 and 1800 meters above sea level. The favorable mean 
annual rainfall for P. oocarpa is between 600 and 800 millimeters. Furthermore, P. oocarpa flourishes 
well in deep, well drained, and moderately acidic soils [10]. P. oocarpa has the potential of growing to 
45 to 80 cm in diameter at breast height [11]. The average density of P. oocarpa falls between 561 and 
1212 Mgha-1. P. oocarpa generates very large tree trunks which are long-lived as such offering it the 
capacity to store more carbon. Additionally, the species is also well known in the conifer family for 
its fast growth rate and strong resistance to forest fire damage, which apparently helps its successful 
establishment [11]. In the tropics, the species is common in Kenya, Malawi, South Africa, Tanzania, 
Zambia, and Zimbabwe. P. oocarpa is one of the most important and valuable commercial timber 
species currently growing in timber plantations in Malawi and across the Africa and Asia. Since the 
introduction of the species in the early 1950s to date, the species is one of the most widely cultivated 
pine species both in government and private plantations in Malawi [9]. P. oocarpa fast growth 
characteristics and its fire resistance capabilities elevate its importance on carbon sequestration 
motivated interventions [11]. 

Despite the critical role of forest plantations in global carbon sequestration and climate change 
mitigation, empirical evidence on biomass accumulation and carbon stock dynamics in tropical pine 
plantations remains limited [4]. This knowledge gap is particularly evident for Pinus kesiya and Pinus 
oocarpa plantations in Malawi’s Viphya Plantation, one of the largest plantation complexes in 
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southern Africa [12]. Although plantation forestry is increasingly recognized in national greenhouse 
gas inventories and climate commitments, available data are often generalized, relying on default 
emission factors that do not adequately reflect species-specific growth patterns, stand development 
stages, or local environmental conditions [13]. As a result, the true contribution of these pine 
plantations to long-term carbon sequestration and sustainable forest management remains 
insufficiently quantified. 

In contrast, natural forest systems such as Miombo woodlands in Malawi have been relatively 
well studied with respect to biomass and carbon stocks [1,14–21], creating an imbalance in the 
evidence base used for forest policy and planning. Pine plantations, despite their extensive coverage 
and high productivity, have received comparatively little attention, particularly regarding integrated 
assessments of aboveground biomass, belowground biomass, and soil carbon pools across different 
stand ages. Recent studies focusing mainly on soil organic carbon under P. kesiya and P. oocarpa at 
Viphya have highlighted species-related differences and temporal variability, but these remain 
fragmented and incomplete. Consequently, there is a need for comprehensive, stand-age-based and 
species-specific analyses that capture both above- and below-biomass carbon dynamics. Such 
evidence is essential for improving carbon accounting accuracy, strengthening Malawi’s 
contributions to REDD+ and net-zero targets, and guiding adaptive plantation management 
strategies that balance timber production with climate mitigation objectives [12]. 

Therefore, this study was conducted to determine the above and below biomass accumulation 
and carbon dynamics of P. kesiya and P. oocarpa at Viphya plantations in Malawi at the age of 16 
years. The study contributes to the understanding of carbon accumulation dynamics in Pine tree 
plantations supporting precise variations in carbon accumulation across various age classes and 
enhanced management of carbon credit incentives. 

2. Materials and Methods 

2.1. Study Area 

The study area is well described by [12]. Briefly, the study was conducted at Viphya Plantations 
located in Mzimba and Nkhata Bay districts in the northern part of Malawi (Figure 1). The plantation 
lies at Latitude 11° 50ʹ 0ʺ South, 33° 48ʹ 0ʺ East and a general elevation of 1500 – 1800 meters [22]. The 
plantation is located at about 71.6 Kms South of Mzuzu City and 284 Kms north of Lilongwe. 
Chikangawa plantation was established in the 1950s to address timber needs and objectives were 
later altered to focus on pulp and paper production after 1964 [23]. Viphya Plantation receives an 
average of 1200 mm and between 750- and 1560-mm precipitation annually. The rainfall season runs 
from October to April with the warmer months of January through March serving as the seasonʹs 
peak. During the dry season which runs from June to October, showers and mist persist. The area has 
an average temperature of about 19°C with the lowest average temperature of 10°C in winter and 
28°C as highest in November [24]. Viphya plantation occupies a total area of 53500 hectares of which 
the total area of 15,001 hectares of the forest is managed by the government, while 38500 hectares is 
managed under concession as follows: RAIPLY Malawi Limited 20,000, AKL Timbers 6,000, Total 
Landcare 2,500 and Timber Millers Union managing 10,000 hectares each [12]. The study focused on 
the RAIPLY Malawi Limited concession area, and the area has a variety of age classes of P. kesiya and 
P. oocarpa species to satisfy the data requirements of the study. Additionally, silviculture principles 
guide the management of the plantation, therefore, the area offers favorable room for the study 
observations. 
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Figure 1. Location of the study area: Source [12]. 

2.2. Field Sampling and Data Collection 

The minimum required number of sample plots was determined using the following formula 
[4]: 𝑛 = ௔௣௦  (1) 

where 𝑛 is the required number of sample plots, 𝑎 is the area of the plantation in ha, 𝑝 is the sampling 
intensity, and 𝑠 is the plot size in ha. In this study a sampling intensity of 10% and sample plot size 
of 0.05 ha were used. A total of 20 sample plots were established. Out of these, 10 sample plots were 
determined in P. oocarpa plantation and another 10 sample plots in P. kesiya plantation. After 
determining the number of sample plots, circular plots of 12 m radius (0.05 ha) were systematically 
laid down at every 100 m throughout each plantation. In each sample plot, all standing trees were 
assessed for diameter at breast height (DBH) (1.3 m from the ground) and their corresponding heights 
using a diameter tape and a Suunto clinometer, respectively. 

2.3. Estimation of Biomass, Carbon dynamics, and Uncertainty 

Above-ground biomass (AGB) and below-ground biomass (BGB) were estimated using 
allometric Equations 2 and 3, respectively. In these equations, AGB and BGB represent the above- 
and below-ground biomass (kg dry matter per tree), DBH is the diameter at breast height measured 
at 1.3 m above ground (cm), and ht is the total tree height (m). Total living biomass (TLB) was 
calculated as the sum of AGB and BGB. Carbon stock (C) was then estimated using Equation 4, 
applying a carbon fraction (CF) ranging from 0.45 to 0.50 [25]. In this study, a CF value of 0.47 was 
adopted, consistent with recommendations from previous studies [14]. 𝐴𝐺𝐵 = 0.1229 × 𝐷𝐵𝐻ଶ.ଷଽ଺ (2) 𝐵𝐺𝐵 = 0.0202 × 𝐷𝐵𝐻ଶ.଺ସ଼ (3) 
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𝐶 = 𝑇𝐿𝐵 × 𝐶𝐹 (4) 
The emission factor (tCO₂e ha⁻¹ yr⁻¹) was calculated by converting carbon stock to CO₂ 

equivalents using a factor of 3.67 and dividing the result by plantation age. Estimates of biomass and 
carbon stocks are subject to uncertainty arising from sampling, measurement, and model estimation 
errors [26]. To assess the reliability and accuracy of the carbon stock estimates, uncertainty was 
quantified using the Monte Carlo simulation approach, following established procedures in the 
literature, and results were reported at a 95% confidence interval [27]. 

2.4. Data Analysis 

Data were collected in October 2023 from Pinus kesiya and Pinus oocarpa plantations when the 
trees were 16 years old. The data were tested for normality using the Kolmogorov–Smirnov D test 
and normal probability plots in GenStat 18. Upon meeting the normality assumption, a Student’s t-
test was applied in GenStat 18 to compare biomass and carbon sequestration between the two Pinus 
species. Differences were considered statistically significant at a p-value of ≤ 0.05. 

3. Results and Discussion 

3.1. Above and Below Biomass Accumulation of P. kesiya and P. oocarpa Plantations at the age of 16 Years 

A summary of the results on the above and below biomass accumulation of P. kesiya and P. 
oocarpa plantations at the age of 16 years are presented in Figure 2. The results indicate that there 
were significant (P<0.001) differences in the biomass accumulation between P. kesiya and P. oocarpa 
plantations. P. oocarpa plantation accumulated more biomass (298.86±12.09 Mgha-1) than P. kesiya 
plantation (160.13±23.79 Mgha-1). 

 

Figure 2. Boxplot for Biomass accumulation for Pinus kesiya and Pinus oocarpa at Viphya Plantations at the age 
of 16 years. 

The results suggest that tree biomass accumulation of Pine varies with species as it was observed 
that P. oocarpa accumulates more biomass than P. kesiya. Correspondingly, Nayak et al [28] observed 
P. oocarpa as having the ability to accumulate higher volumes than P. kesiya and other Pine species. 
Aggreging with the claims, species-dependent variations in the mean fine root biomass have been 
presented by earlier studies [29]. The differences follow species to species variations in 
morphological, anatomical and chemical traits which affect specific species net primary productivity, 
key to biomass accumulation [30]. Another study conducted indicated an estimated total forest 

Pinus kesiya (n=10);  P. oocarpa (n=10); Independent t-test; P<0.001
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biomass and carbon pool of the P. kesiya being greater than the other Pine species [31]. Differences in 
genetic materials affect species adaptation to prevailing conditions, resistance to fire regimes, pests, 
and diseases. Additionally, tree genetic materials also influence height, diameter and other relevant 
developmental characters [32]. 

Pinus oocarpa plantations typically exhibit higher biomass accumulation than Pinus kesiya due 
to inherent species-specific growth characteristics and ecological adaptability [32]. P. oocarpa 
generally has a higher growth rate, greater wood density, and a more robust crown architecture, 
which together enhance photosynthetic capacity and carbon assimilation [9]. In addition, the species 
often shows better adaptation to a wider range of site conditions, including variable soils and 
moisture regimes, allowing for more efficient nutrient uptake and sustained growth over time [29]. 
Its deeper and more extensive root system further supports biomass production by improving water 
acquisition and resilience to periodic drought stress, conditions under which P. kesiya may exhibit 
comparatively reduced growth performance [9]. 

The practical implications of these findings are significant for plantation planning and climate-
smart forestry. Where the objective is to maximize biomass production and carbon sequestration, P. 
oocarpa may be a more suitable species choice, particularly on sites with heterogeneous soils or 
seasonal water limitations [11]. These results can inform species selection, site–species matching, and 
long-term investment decisions in plantation forestry, especially in regions such as Malawi where 
plantations contribute to both economic development and national climate commitments. Moreover, 
prioritizing P. oocarpa in appropriate areas could enhance productivity per unit area, improve returns 
from timber and carbon-related initiatives, and support more efficient land-use strategies [10]. 

3.2. Annual Carbon Sequestration for P. kesiya and P. oocarpa Plantations at the age of 16 Years 

The results on the annual above and below carbon sequestration for P. kesiya and P. oocarpa 
plantations for a period of 16 years are given in Table 1. The results indicate that there was a 
significant (P<0.05) difference in annual carbon sequestration for P. kesiya and P. oocarpa plantations. 
P. oocarpa plantation had a higher annual carbon sequestration (32.22±1.30 tCO2e/ha/yr) as compared 
to P. kesiya plantation (17.26±2.56 tCO2e/ha/yr). 

Table 1. Annual above and below ground carbon sequestration for Pinus kesiya and Pinus oocarpa at Viphya 
plantations at the age of 16 years. 

Type of Pinus species 
plantation 

Annual Carbon  
Sequestration (tCO2e/ha/yr) 

Uncertainty (%) 

P. oocarpa 32.22±1.30a 0.56 
P. kesiya 17.26±2.56b 2.06  

Mean 24.74±2.84 2.25 
Note: Means with different superscript within a column significantly differ (P<0.05). 

Recent comparisons of carbon sequestration between Pinus species indicate that intrinsic growth 
dynamics and biomass allocation patterns strongly influence annual CO₂ uptake [33]. In the present 
study, P. oocarpa’s higher carbon sequestration likely reflects its relatively rapid aboveground 
biomass accumulation and efficient wood formation under humid tropical plantation conditions. 
Across diverse regions, fast-growing pine species often exhibit higher net primary productivity, 
resulting in greater carbon capture rates when compared with slower-growing congeners e.g., fast 
early biomass accumulation in Pinus species has been highlighted as a key driver of carbon 
sequestration potential [34]. Although specific comparative studies on P. oocarpa versus P. kesiya are 
limited outside Malawi, global evidence supports the pattern that species with vigorous height and 
diameter growth rates tend to sequester more carbon annually under similar site conditions [35]. 

Species-specific architectural and physiological characteristics further explain the differences in 
carbon sequestration rates observed. P. oocarpa typically develops a canopy and stem biomass profile 
that maximizes light interception and carbon fixation over a given rotation period, whereas P. kesiya 
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may allocate proportionally more resources to slower structural development or belowground 
components depending on site and management conditions [33]. Studies of other Pinus plantations 
show that stand structure, crown development, and wood density interact with environmental 
factors such as precipitation and soil fertility to influence carbon sequestration efficiency, with 
broader crowns and faster diameter growth enhancing aboveground carbon accrual e.g., comparative 
plantation studies highlighting species and management effects on biomass and carbon stocks [34]. 

Interestingly, in our previous study [12], P. kesiya plantation showed slightly higher soil organic 
carbon accrual trends than P. oocarpa plantation in similar ages. In the previous study, the slightly 
higher soil organic carbon (SOC) accrual observed under Pinus kesiya plantations of similar ages can 
be attributed to differences in litter quality, decomposition dynamics, and below-canopy 
microclimate [33]. P. kesiya typically produces finer needles with higher turnover rates and relatively 
lower lignin content, which decompose more readily and contribute faster to soil organic matter 
formation. In addition, its litter layer often promotes greater soil faunal activity and microbial 
processing, enhancing carbon incorporation into stable soil pools. A comparatively denser forest floor 
and reduced soil disturbance under P. kesiya stands may also have favoured SOC stabilization, 
leading to slightly higher soil carbon accrual despite moderate aboveground growth [35]. 

By contrast, the present study shows that P. oocarpa plantations exhibit substantially higher 
annual above- and below-ground carbon sequestration, reflecting superior biomass production 
rather than soil-driven carbon storage [36]. P. oocarpa is characterized by faster diameter and height 
growth, greater stem biomass accumulation, and a more extensive woody root system, all of which 
directly increase living biomass carbon stocks [37]. Although its litter may decompose more slowly 
and contribute less immediately to SOC pools, a larger proportion of assimilated carbon is retained 
in long-lived woody tissues above and below ground. This explains why P. oocarpa outperforms P. 
kesiya in annual carbon sequestration rates, even when soil carbon gains are comparatively lower [38]. 

The disparity between higher SOC accrual in P. kesiya and higher biomass carbon sequestration 
in P. oocarpa has important implications for forest management and climate mitigation strategies. It 
highlights that total ecosystem carbon storage is governed by different processes operating on 
different time scales: soil carbon accumulation is slower but potentially more stable, while biomass 
carbon sequestration is faster but more vulnerable to disturbance and harvesting [39]. Consequently, 
species selection should be aligned with management objectives. P. oocarpa is better suited for 
maximizing short- to medium-term carbon sequestration and productivity, whereas P. kesiya may 
play a complementary role in enhancing long-term soil carbon stability [40]. Integrating both species 
within landscape-level planning could therefore optimize overall carbon benefits by balancing rapid 
biomass accumulation with sustained soil carbon enhancement [41,42]. 

3.3. Uncertainty Analysis 

Summary of the uncertainty are presented in Table 1. The results indicate that the uncertainties 
were low (<3%). Low uncertainty estimates in forest carbon assessments generally indicate robust 
measurement and modeling approaches, strong field data, and consistent allometric relationships 
between tree dimensions and carbon content. In the present study, careful plot design, repeated field 
measurements, and well-developed biomass equations for both P. oocarpa and P. kesiya likely reduced 
variability in estimating above- and below-ground carbon pools, yielding tighter confidence intervals 
around sequestration rates [43]. In carbon accounting research more broadly, uncertainty in forest 
carbon estimates can arise from inadequate sampling, poorly calibrated emission factors, or 
inconsistent baseline definitions; rigorous methodologies such as error propagation and Monte Carlo 
simulations are often recommended to quantify and reduce these uncertainties [44]. Lower 
uncertainties increase confidence that observed differences in carbon sequestration between species 
reflect real ecological processes rather than measurement error [45]. 

The implications of low carbon uncertainty extend directly into carbon markets and climate 
policy frameworks, where uncertainty thresholds influence whether carbon sequestration projects 
are eligible for credits. Many voluntary and compliance carbon standards require uncertainty below 
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defined thresholds (often around 15 % or less) to qualify carbon removals for trade, and higher 
uncertainty can reduce the number of credits issued or necessitate discounts [46]. With relatively 
precise estimates for both pine species, potential carbon projects in Malawi could meet the stringent 
verification standards of major registries, enhancing their credibility and marketability. This aligns 
with broader efforts to strengthen carbon markets in Africa, where mechanisms such as the Africa 
Carbon Support Facility aim to build regulatory and measurement capacity to attract climate finance 
[45]. 

Finally, robust and low-uncertainty carbon estimates have important implications for Malawi’s 
engagement in global carbon trading and national climate commitments. High confidence in 
sequestration potential can support stronger national greenhouse gas inventories, making Malawi 
more competitive in both voluntary and compliance carbon markets that value transparent, verifiable 
emissions reductions [47]. However, Africa’s carbon assets have historically been undervalued in 
global markets, with credits often sold at significantly lower prices compared to global benchmarks, 
a situation described as “carbon grabs” that undermines local benefit streams [35]. finance and low 
uncertainty in carbon accounting, Malawi could pursue more equitable pricing, attract sustainable 
finance, and ensure that carbon revenue contributes meaningfully to rural livelihoods and forest 
management rather than being absorbed by intermediaries [48]. 

Despite providing valuable insights into biomass and carbon sequestration dynamics of P. 
oocarpa and P. kesiya plantations, this study has some limitations. First, the analysis was based on 
species-specific allometric equations and a limited number of age classes, which may not fully capture 
variability across different site conditions, stand densities, and management regimes within the 
broader plantation landscape. Second, carbon estimates focused primarily on living biomass, while 
other important ecosystem carbon pools such as dead wood, litter, and deeper soil layers were not 
comprehensively assessed, potentially leading to underestimation of total ecosystem carbon stocks. 
In addition, the study relied on a snapshot approach to infer annual sequestration rates rather than 
long-term continuous measurements, which may overlook interannual climatic variability and 
disturbance effects. Future research should therefore include long-term permanent sample plots, 
incorporate a full ecosystem carbon accounting framework (including necromass pools), and develop 
locally calibrated allometric models that integrate site quality, stand structure, and management 
history. Such studies would improve the accuracy of carbon estimates and strengthen the 
applicability of plantation forests in Malawi for climate mitigation planning and carbon market 
participation. 

4. Conclusions 

This study provides clear evidence of species-specific differences in biomass accumulation and 
carbon sequestration between Pinus oocarpa and Pinus kesiya plantations in Malawi. The findings 
show that P. oocarpa consistently achieves higher annual above- and below-ground carbon 
sequestration than P. kesiya, mainly due to its faster growth and greater allocation of carbon to long-
lived woody biomass. In contrast, previous studies indicate that P. kesiya contributes slightly more to 
soil organic carbon, demonstrating that the two species enhance ecosystem carbon storage through 
different mechanisms. The relatively low uncertainty in carbon estimates for both species enhances 
confidence in the results and supports their applicability to forest carbon accounting, national 
greenhouse gas inventories, and emerging carbon markets. The contrasting patterns between 
biomass-driven carbon sequestration and soil carbon accumulation highlight the importance of 
considering multiple carbon pools and temporal scales when assessing the climate mitigation 
potential of plantation forests. Overall, the study underscores the significance of appropriate species 
selection and site–species matching for optimizing carbon outcomes, with P. oocarpa being more 
suitable for short- to medium-term carbon sequestration and productivity, while P. kesiya can play a 
complementary role in supporting longer-term soil carbon stability and sustainable plantation 
management. 
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