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A B S T R A C T 

Plantations in urban areas including universities have been recognized as an essential tool 

for mitigating global climate change. The purpose of this study was to examine the amount 

of carbon stored and sequestered by trees located within Valaya Alongkorn Rajabhat 

University. All trees were counted (100% sampling site), involving species identification 

and measurement of both diameter at breast height (DBH) and total tree height. 

Subsequently, estimations of above- and below-ground biomass, total biomass, and 

carbon sequestration values per tree were derived using allometric equations. The findings 

indicated that the university campus contained a total of 2,823 trees, of which 88.36% 

were perennial species and 11.64% were palm varieties. The common species was Cassia 

fistula followed by Largestroemia speciosa, and Ptychosperma macarthurii, respectively.  

Most trees in the study area were young perennial plants with 10-30 cm in DBH. The 

carbon storage and sequestration were 4.10 and 15.02 tonne/ha, respectively. The highest 

carbon sequestration belonged to Peltophorum pterocarpum (3.15 tonne/tree) due to its 

larger trunk, higher crown cover, complex roots, compared with other species. Our results 

indicated that the tree group can perform higher carbon sequestration potential than palm 

species. The large tree with wide DBH and high crown cover performed great carbon 

storage and capture due to more plant tissue for photosynthesis. Finally, our result 

suggested that the plantation in the university for carbon mitigation should select perennial 

plants with fast-growing and large sizes. 

 

1. INTRODUCTION 

Urban regions are defined in terms of dominant land 

associated with economic development and contributes to 

enhanced living conditions and societal welfare [1]. 

Currently, over 50% of the global population resides in city 

areas. Additionally, the expansion of developed urban land 

is accelerating worldwide at an estimated annual growth of 

4% [2]. The importance of urban zones play a significant 

role in driving global greenhouse gas (GHG) emissions 

which causes global warming, life loss, disappearance of 

biodiversity, and climate change [3, 4]. Seto et al. [5] 

reported that urban regions are recognized as major 

contributors to global carbon emissions. They are 

responsible for approximately 71–75% of total emissions 

and consume about 67–76% of global primary energy 

resources. Urban trees can reduce the level of carbon dioxide 

in the atmosphere via the photosynthesis process [6, 7]. 

The urban trees include trees along the streets, urban 

parks, community gardens, private yards, and universities 

increase the green area in urban [8]-[10]. Furthermore, they 

provide an important role in multiple ecosystem services 

such as reducing air pollution, air temperature reduction, 

absorption of ultraviolet radiation, increasing biodiversity, 

reducing building energy use, soil erosion, watershed run-

off, aerial particulate matter, improving water quality, 

reducing noise, improve our health, increased property value 

etc. [11]-[13]. Numerous research efforts have demonstrated 

that trees in urban landscapes can reduce urban’s carbon 

footprint. This contributes to alleviating the adverse 

consequences brought on by global climate shifts [14]. The 

cumulative carbon stored and the net annual carbon captured 

by individual urban trees can reach as much as 18 kilograms 

of CO₂ per tree each year [15]. Moreover, urban vegetation 

along with their surrounding soils also aid in sequestering 

carbon to support tree growth and absorb atmospheric 

carbon dioxide for the carbon balance in photosynthesis 

process [10, 16, 17]. Therefore, urban trees have many 

functions that serve as a key component in addressing 

climate change by capturing CO₂ via natural carbon 

sequestration mechanisms [18,19]. 
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In land-based ecosystems, carbon is typically stored in 

components such as live vegetation above ground which are 

trees, shrubs, forbs, grasses, and sedges, and underground 

biomass which are decaying wood, organic debris, and 

forest litter [20]. In this study, the total mass of above- and 

below-ground biomass per tree was calculated using the 

allometric equations from previous research which was a 

similar type of forest and climatic condition [34, 35]. All 

biomass production depends on the photosynthesis process 

which converts CO2 into a tree’s biomass. Hence, trees assist 

in lowering atmospheric CO₂ levels by accumulating carbon 

within their above- and below-ground biomass [20].  

Different tree species can alter carbon storage and 

sequestration [12, 28, 44]. This is because there are specific 

shapes and sizes of trunk, crown, branches, leaves, bark, and 

root in each tree species. The species which has more leaves 

and complex branches can perform more photosynthesis 

and; subsequently, higher carbon dioxide absorption from 

the atmosphere. Large trucks and complex root systems can 

provide more space to store carbon in tree tissue [21]-[24]. 

In addition, a higher potential for carbon storage and 

sequestration can be found in elder trees [45]. This is 

because expanding crowns, leaves, branches, and trunks 

during the growing period provide a higher photosynthesis 

rate and more tissues for carbon storage. Hence, the carbon 

sequestration potential of each tree species require deeper 

investigation. This data is important for effective 

management of vegetated spaces in cities, such as parks or 

campuses, which is not only benefit in climate change 

mitigation, but also prevention of natural disaster, fires, 

insect outbreaks, disease epidemics [25]-[27].  

Due to the importance of tree plantations for addressing 

global warming, numerous international studies on carbon 

sequestration potential in urban regions has been studied 

extensively worldwide. However, in Thailand, research 

specifically focusing on how urban trees grow and develop 

remains limited. The information on the carbon 

sequestration potential of university-based urban trees is 

scanty. Several studies in Asia and Indian universities 

showed that urban trees had more carbon sequestration 

potential than nonurban trees [28]. The urban trees are the 

selected perennial plant species that can grow quickly so 

they can provide shading and recordation area for people as 

soon as possible. Meanwhile, nonurban trees are trees that 

randomly grow in forests. Trees in urban areas including the 

university have faster growth rates because they receive 

more maintenance processes such as watering, fertilizing, 

and canopy trimming. These processes are essential and lead 

to optimal growth of the tree. According to Ritchie [29, 30], 

universities, as part of the higher education sector, are 

expected to take accountability in both managing and 

minimizing the carbon emissions they generate. Universities 

may be subject to increased scrutiny on process management 

approaches in reducing carbon emissions because the 

university is publicly funded. In addition, students, 

university staff and government officials are well informed 

of sustainability issues as reducing carbon emissions 

approach. Nowadays, Thai government agencies are also 

requiring a process of carbon management approach from 

universities. Thus, there may be a good way for universities 

to investigate how much carbon urban tree species can 

capture, in order to evaluate the sequestration capabilities 

across different planted species. However, the carbon 

sequestration potential of tree species in Valaya Alongkorn 

Rajabhat University has not been studied. Therefore, the 

purpose of this research is to quantify how much carbon is 

retained in the above-ground portions of selected species 

planted at the university campus in Phathum Thani and 

calculate their total carbon sequestration potential. Results 

can effectively support policies on green university with the 

sustainable development goals (SDGs), and positioning it as 

a model institution in carbon sequestration practices. 

2. MATERIALS AND METHODS  

2.1 The study area 

This research was carried out at Valaya Alongkorn Rajabhat 

University Under the Royal Patronage, located in Phathum 

Thani Province (14° 8′ 0″North 100° 36′ 41″East) (Figure 

1). The campus was established in 1972 and covers over 61 

hectares with plenty of green spaces around it [31]. The area 

around campus has urban sprawl leading to higher 

throughout the years, including many industrial buildings. 

Based on climatological records collected over a 30-year 

period (1991–2020) indicates that the average yearly 

temperature in this region ranges from 27-30 °C, with annual 

precipitation levels between 1,200-1,400 mm [32]. The 

monthly minimum and maximum temperatures vary 

between 22 – 26 °C and 33 – 36 °C. The study area 

experiences three distinct climatic periods: winter (October 

to February), summer (April to May), and the rainy or 

monsoon period (June to September) [32]. 

2.2 Data collections 

Sampling was conducted from June 2021 to June 2022. 

All trees at study area are shed leaves. The total number of 

trees were done manually, and a complete enumeration of 

the 2,823 trees (100% sampling site) on the Phathum Thani 

campus (Figure 1). In order to evaluate the biomass of 

various tree species, a non-invasive approach was applied by 

measuring tree height and diameter at breast height (DBH). 

DBH of individual trees of the campus typically measured 

at approximately 1.3 meters from the base level [33]. The 

height and width of each tree were measured using a 

clinometer and measuring tape with field measurements 

conducted between 8:00 a.m. and 2:00 p.m. throughout the 

sampling campaign. For every tree, data such as species, 

height, and DBH were recorded in spreadsheets, except 

shrubs and herbs were not recorded. 
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Fig. 1. The study area at Valaya Alongkorn Rajabhat University Under the Royal Patronage, located in Phathum Thani Province. 

 

2.3 Total biomass estimation 

The total biomass for each tree (TB) was calculated by 

summation from boh AGB (above-ground biomass) and 

BGB (below-ground biomass) using the specified formula:  

TB (kg/tree) = AGB + BGB  (1) 

Above-ground biomass  

Estimation of above-ground biomass (AGB) for trees 

within the Phathum Thani campus was conducted on field 

measurements of the tree's diameter at breast height (DBH), 

biomass was calculated through established allometric 

formulas [34]. Then, AGB data were obtained from the 

allometric formulas for the general tree group (2) which is a 

perennial plant, and palm group biomass (3) which is a 

smooth and slender trunk with evergreen leave arranged at 

the top of an unbranched stem [35]. 

WS = 0.0396 (D2H)0.933 (2) 

WB = 0.00349 (D2H)1.030                                                                                   

WL = (28/ (WS+WB+0.025))-1                                                                                   

WT = WS + WB + WL  

WT = 6.666 + 12.826 (H)0.5(ln H) (3) 

where: 

WS  = the above-ground biomass of the stem section 

[kg]  

WB = the above-ground biomass of branch [kg]  

WL = the above-ground biomass of leaf [kg]  

WT = combined above-ground biomass [kg] 

D   = tree diameter at 1.3 m above ground level [cm] 

H  = vertical height of tree individual [m] 

Below-ground biomass  

Below-ground biomass (BGB) refers to the total mass of 

living root structures, excluding fine roots with diameters 

smaller than 2 mm [36]. Its value was derived by applying 

multiplication factors to the ratio between the BGB and 

AGB by 0.27 factors for general tree group (4) and 0.41 

factors for palm group as the root: shoot ratio (5) [37]. This 

is because there are different proportions between AGB 

(trunk and leave biomass) and BGB (root and litter) of these 

plant species. Based on the report from the Thailand 

Greenhouse Gas Management Organization [37], the 

proportion of below-ground biomass such as root system, 

litter, and dead wood of general tree species was less than 

palm species. This is because palms have less trunk and 

leave biomass than the general tree; meanwhile, roots and 

litter are similar. 

BGB (kg/tree) = (AGB) x 0.27 (kg/tree) (4) 

BGB (kg/tree) = (AGB) x 0.41 (kg/tree) (5) 

2.4 Carbon storage and carbon sequestration  

In this research, carbon storage was determined by 

applying the average carbon fraction (47% of dry mass) to 

the total biomass per tree [38]. 

Carbon storage (kg/tree) = 0.47 × Total Biomass (6) 

Carbon sequestration describes the quantity of 

atmospheric CO₂ that is absorbed and retained within 

ecosystems. In the case of trees, the carbon content in plant 

tissue comes from the capture by drawing carbon dioxide 

from the air during photosynthesis. Therefore, this study 

converted carbon sequestration from carbon storage using 

the equation below [39]. 

Carbon sequestration (kg/tree) = (Carbon storage 

× 44)/12                               (7) 

3. RESULTS AND DISCUSSION 

3.1 Tree abundance in Valaya Alongkorn Rajabhat 

University 

A total of 2,823 trees were recorded across the designated 

survey area, belonging to 56 different tree species  (Table 1). 

The most abundant species recorded on campus was Cassia 

fistula, comprising 530 individuals, followed by 
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Largestroemia speciosa and Ptychosperma macarthurii, 

with respective counts of 274 and 233 trees. The species 

Cassia fistula is frequently cultivated in city landscaping 

projects and offers canopy cover, making it an ideal choice 

for trees along the streets. It was found to be planted in some 

universities in tropical zones [28, 40] because it grows well 

in the open area. It can be planted in both loamy soil sandy 

loam clay soil or can adapt well to various soil conditions 

that have good tolerance to drought and saline soils. One of 

the disadvantages of this is the method of planting is to use 

the seed method, which may take time to grow slowly, but 

if successful, it will grow quickly. Hence, many people 

prefer to use the method of grafting the top instead, but there 

is a risk that the Cassia fistula is easier to die. The second 

most common tree in the study area is Largestroemia 

speciosa, also known as the Pride of India tree. It commonly 

spreads in Southeast Asia, India, including Thailand. It is 

widely preferred for urban environments due to its drought 

resistance, durability, and resilience to polluted air and it is 

a plant that grows quite fast and likes strong sunlight. 

Moreover, it is easy to propagate and visually striking, 

producing vibrant flower clusters throughout the year. 

Ptychosperma macarthurii was found to be the third most 

common species because it was planted for decorating the 

road around the university. It belongs to the palm family 

with good resistance to diseases and insects.  

A total of 2,823 individual trees were recorded 

throughout the surveyed area. It can be accounted as 46.28 

trees/ha for tree density which consists of 88.36% for 

perennial plants and 11.64% for palm. Most of the trees are 

not large in DHB commonly found only 20-30 cm (Figure 

2). The tree species Peltophorum pterocarpum exhibited the 

highest diameter at breast height (DBH), reaching 67.78 cm. 

This was followed by Ficus benjamina and Ficus religiosa, 

with DBH measurements of 60.31 cm and 60.28 cm, 

respectively. However, these species accounted for only 

4.53% of all trees. These results demonstrate that most trees 

within the study site were still in early growth stages, yet 

they show promising capacity for long-term carbon storage 

and sequestration. 

 

 

Table 1.  Carbon storage and carbon sequestration of tree species in Valaya Alongkorn Rajabhat University Under the Royal 

Patronage 
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Table 1.  Carbon storage and carbon sequestration of tree species in Valaya Alongkorn Rajabhat University Under the Royal 

Patronage (cont’d) 

 
 

Table 2. Comparison of carbon storage and carbon sequestration across other areas 

Area 

Tree 

Density 

(trees/ha) 

Carbon 

Storage 

(tonne/ha) 

Carbon 

Sequestration 

(tonne/ha) 

Reference 

Valaya Alongkorn Rajabhat University Under the Royal 

Patronage (Thailand) 

46.28 4.10 15.02 This study 

University of Western Australia (Australia) 31.25 20.21 74.10 [41] 

KIWI University (New Zealand) 63.65 24.38 89.41 [30] 

Shivaji University (India) 0.11 0.45 1.64 [40] 

B.A.M. University (India) 1.36 0.29 1.06 [18] 

Urban Forest (Sheuyan, China) 596.00 33.22 121.81 [42] 

Mixed deciduous forest (Ratchaburi, Thailand) 450.00 36.44 133.61 [43] 

 

3.2 Carbon storage and carbon sequestration of tree 

species 

Results from the observation and calculation show that the 

estimated above- and below-ground biomass values totaled 

419,121.27 kg and 115,609.29 kg, respectively, as shown in 

Table 1. The total biomass (TB) accumulated reached 

534,730.56 kg, while carbon retained in the university’s tree 

population amounted to 249,954.95 kg or 4.10 tonne/ha. The 

entire tree population contributed to approximately 916.20 

tonnes of sequestered carbon.  Compared with other 

research, carbon sequestration in this study was found to be 

lowered due to low tree density (Table 2). Carbon storage 

and carbon sequestration in the study area were much lower 

than KIWI University, urban forest, and mixed deciduous 

forest. This result corresponded to less abundant tree 

density. In contrast, our results demonstrate that the study 

area has higher carbon sequestration potential than Shivaji 

University and B.A.M. University although there is a similar 

climate condition. This is also due to more tree density in 

the study areas. Therefore, it can be referred from our results 

that the area with more trees has a higher capacity of carbon 

accumulation derived from both subterranean and aerial 

biomass components; subsequently, the greater carbon 

sequestration.  
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Fig. 2. Percent of trees based on DBH at the field site. 

 

Each tree species can perform altered carbon storage and 

sequestration due to differences in size and growth patterns 

(Table 1). Trees with large DBH and height can store more 

carbon in their tissue and sequester more carbon dioxide 

through photosynthesis activity. As shown in Figure 3, even 

though Cassia fistula was identified as the dominant species 

present across the surveyed site, the highest carbon 

sequestration belonged to Peltophorum pterocarpum. This 

is because Peltophorum pterocarpum was a larger trunk and 

higher than Cassia fistula. In this study, the DBH of 

Peltophorum pterocarpum and Cassia fistula were 

67.78±23.68 and 19.91±5.90 cm, respectively. The height of 

Peltophorum pterocarpum and Cassia fistula were found to 

be 10.89±2.98 and 5.67±1.26 m, respectively. Concordance 

with other research [21]-[24], tree species with larger trunk, 

higher crown cover, more branches and leaves can perform 

higher carbon sequestration due to more tissue for carbon 

storage and photosynthesis abilities. As shown in Table 1, 

each tree species has individual carbon sequestration. This 

is because there are differences in size and pattern of trunk, 

crown, branches, leave, and root system. The highest 

sequester was 3.153 tonne/tree which belonged to 

Peltophorum pterocarpum followed by 2.298 and 2.214 

tonne/tree which belonged to Ficus religiosa and Albizia 

saman, respectively. These tree species are perennial plants 

with large DBH (>50 cm). In contrast, the lowest sequester 

was 0.006 tonne/tree which is Streblus asper (Toothbrush 

Tree). This species is a medium-sized tree with DBH in the 

range of 3.18-7.00 cm. These results show that the larger tree 

species have more carbon sequestration potential than those 

that are smaller. Our results also found that the tree group 

can perform higher carbon sequestration potential than palm 

species. This is because there are more branches, larger 

trunks, and a complex root system. However, palm trees 

with elder age can have higher carbon storage and 

sequestration than young perennial trees due to larger DBH. 

Expanding trunks, branches, roots, and crown cover through 

the growing period can result in more plant tissue for carbon 

storage and sequestration. Therefore, the larger tree provides 

a greater area for carbon storage; subsequently, increasing 

carbon capture from the atmosphere.   

Compared with previous research, the carbon 

sequestration of individual trees found in this study was 

much lower than other research in Solapur University [28] 

and SHUATS (Sam Higginbottom University of 

Agriculture, Technology and Sciences). [44]. This is 

because most of trees in Valaya Alongkorn Rajabhat 

University (the study area) were smaller. The DBH was only 

10-30 cm (Figure 2) which referred to the young age of 

perennial plants. The smaller size of trunk can perform 

lower carbon sequestration potential due to less plant tissue 

for photosynthesis [21]-[24]. Moreover, the younger age of 

perennial plants can absorb less atmospheric CO₂ than the 

older plant. This can be attributed to the younger trees are 

less expanding leave, branches, and crown cover.  Carbon 

sequestration increases with the tree age [45]. The plantation 

period can significantly influence carbon sequestration 

potential. Hence, the area with more elderly trees can have 

more carbon sequestration, and the plantation period of the 

study area may be started after other research.  
 

 
Fig. 3. Carbon sequestration of individual tree species surveyed 

within the study area. 

3.3 Factors affecting carbon sequestration potential   

Results from this study revealed that increasing in diameter 

at breast height (DBH) and height (H) corresponded to 

greater carbon sequestration potential (Figure 4). In 

concordance with other research [11, 42, 46, 47, 48], the 

maximum carbon sequestration was found in the larger tree 

with high DBH and H. These parameters are widely 

employed to indicate the growth of a tree. In the same 

species, the larger value of DBH and H refers to the elder 

tree that can store more carbon in the tree tissue; 

subsequently, more potential to capture carbon dioxide. 

Comparison between tree species, the higher DBH and H 

responded to the larger tree’s volume and biomass 

consequently the relative carbon storage and sequestration 

potential of the tree. As shown in Table 2, a comparison 

between the study area with others shows that even though 

tree density was low, high carbon sequestration was found 

in the University of Western Australia [41]. This can be 

explained by our finding that a larger size of DBH class can 

achieve more carbon sequestration. Therefore, our results 

suggest that for future plantations in the study area with 
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effective carbon sequestration potential, the tree species 

Cassia fistula and Peltophorum pterocarpum should be 

planted more due to fast-growing trees with a commitment 

to large sizes of DBH and H in the future. 

Although results from this study demonstrated that the 

influence of tree size on carbon storage and sequestration is 

well established, yet comprehensive understanding of other 

related factors is still lacking. Moreover, limited records 

exist regarding the planting timeline of each tree. Our result 

was a carbon inventory, and it was the preliminary result of 

the carbon sequestration project at Valaya Alongkorn 

Rajabhat University. Therefore, to be able to compare with 

other areas and investigate the relationship between carbon 

stock and growth factors, the plant ages along with other 

affecting factors such as temperature, rainfall, planting area, 

climatic conditions, maintenance process, and fertilizer 

application should be considered in further study. 

 

 

 
Fig. 4. Correlation between carbon sequestration and tree 

characteristics as diameter at breast height (DBH) and height 

(H) 

4. CONCLUSIONS 

Tree species, size, and density were identified; 

subsequently, the ecosystem’s carbon storage and 

sequestration capacity within Valaya Alongkorn Rajabhat 

University was evaluated. Results revealed that there were 

2,823 trees in the study area, and it can be accounted as 

46.28 trees/ha. Most trees are perennial plants. The most 

abundant species was Cassia fistula, followed by 

Largestroemia speciosa and Ptychosperma macarthurii, 

respectively. However, the highest carbon sequestration 

belonged to Peltophorum pterocarpum because there was a 

larger trunk and higher crown cover than others. This 

corresponds with more branches, leaves, roots, and other 

plant tissues for carbon storage and photosynthesis. The 

cumulative carbon sequestration recorded across the study 

location reached 916.20 tonne or 15.02 tonne/ha which was 

lower than the university in New Zealand due to less tree 

density. Our results showed that most of the trees at the field 

site were small which referred to the young age of the 

perennial plant. It has the potential to store and sequester 

carbon through expanding parts of the tree during the 

growing period. Moreover, our results found that the tree 

group performed higher carbon sequestration potential than 

palm species due to more branches, larger trunks, and a 

complex root system. Enhancements in diameter at breast 

height (DBH) and tree height (H) results in greater carbon 

capture from the atmosphere. The effective carbon 

sequestration plant was a fast-growing tree with large sizes 

of DBH and H. Eventually, these results can be a guideline 

for greening the university, carbon sinks in urban 

communities, and other projects for carbon mitigation 

purpose. However, for a better understanding of 

optimization in carbon sequestration, other influencing 

factors and the ages of trees are recommended in future 

research. 
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