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Abstract

This study examines the financial risks of a condominium project in Long Xuyen, Vietnam, a promising yet uncertain real estate market.
We compare the efficacy of Monte Carlo and Latin Hypercube Sampling in assessing the impact of sales strategies on financial performance,
utilizing metrics such as Net Present Value (NPV) and Internal Rate of Return (IRR). Sensitivity analysis identifies key profitability drivers,
focusing on initial capital and loan interest rates. The findings highlight Latin Hypercube Sampling’s superior computational efficiency
and stability, emphasizing the role of sales strategies in ensuring liquidity and optimizing financial outcomes. Practical recommendations
include increasing contingency costs and adopting the Lotus certification building standard to empower investors in risk management and
sustainable development. This research offers substantial theoretical and practical contributions, enriching financial risk analysis and de-
livering value to Vietnam’s real estate sector.
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1. Introduction

The real estate market in Vietnam has experienced substantial growth in recent years, yet it concurrently faces significant challenges
associated with financial uncertainties, particularly amidst fluctuating interest rates and escalating inflationary pressures in 2025 [1], [2].
Condominium projects, which play a pivotal role in addressing housing demands in urban and provincial areas, are frequently exposed to
financial risks stemming from factors such as capital costs, bank loan interest rates, and shifts in buyer sentiment. [3]. Specifically, in
provincial markets like Long Xuyen, where the absorption rate of real estate products may be slower compared to major cities, effective
financial risk management emerges as a critical determinant of project feasibility and performance [4]. To illustrate the context of the
project in this region, Fig. 1 presents the information model of the Marina Plaza Long Xuyen project, located in Long Xuyen, An Giang,
Vietnam, with a total investment of 445,748.95 million VND. The Fig. showcases the geographical location, a design model utilizing BIM
(Building Information Modeling) compliant with the Lotus green building standard to reduce errors, along with the initial design and
images of the completed structure, emphasizing a commitment to energy efficiency and quality of life.

Fig. 1: Information Model of the Marina Plaza Long Xuyen project.
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Note: The information model of the Marina Plaza Long Xuyen project, located in Long Xuyen, An Giang, Vietnam, has a total investment
of 445,748.95 million VND. The figure illustrates the geographical location, a BIM design model compliant with the Lotus standard to
reduce errors, and the initial design and the completed structure.

Drawing on the insights from Fig. 1, the Marina Plaza Long Xuyen project, a condominium development in the Mekong Delta region, not
only aims to optimise financial performance but also strives to achieve the Lotus certification, focusing on enhancing energy efficiency,
utilising sustainable materials, and improving resident comfort. [5]. The growing emphasis on sustainable development has gained traction,
with investors and governmental bodies increasingly advocating for the adoption of green building standards to mitigate environmental
impacts and elevate the quality of life. [2]. However, achieving these objectives necessitates formulating appropriate sales strategies and
rigorous assessment of financial risks associated with input variables such as initial capital and interest rates. The selection of a sales
strategy not only influences cash flow and profitability but also significantly impacts the long-term financial sustainability of the project.
[3].

The present study compares two simulation methodologies, Monte Carlo and Latin Hypercube Sampling (Latin Hypercube Sampling), to
evaluate financial risks and assess the impact of various sales strategies on the project’s performance. The Monte Carlo method, renowned
for its stochastic simulation capabilities, is widely employed in financial analysis; however, it typically requires many trials to achieve high
accuracy, resulting in prolonged computational times. [6]. Conversely, Latin Hypercube Sampling, with its stratified random sampling
technique, is anticipated to deliver superior computational efficiency and enhanced stability. [6]. The study also investigates key input
factors influencing profitability, thereby elucidating the project’s sensitivity to market fluctuations. [7].

The primary objective of this research is to provide a holistic framework for managing financial risks in condominium projects in Vietnam,
while offering actionable recommendations to optimise economic performance and support sustainable development. [5]. By conducting a
comparative evaluation of Monte Carlo and Latin Hypercube Sampling, this study not only enhances the precision of financial risk analysis
but also delivers practical value for investors in making strategic decisions, particularly in an uncertain market environment with increasing
demands for green building practices. [2].

2. Literature review

Financial risk analysis in real estate projects has garnered significant attention in recent studies, particularly in developing markets such as
Vietnam. [8], [9]. Condominium projects often face numerous uncertainties, including interest rate fluctuations, construction costs, and
capital mobilisation capacity, necessitating advanced analytical methods to support decision-making. [1], [10], [11]. In this field, the Monte
Carlo method has been widely applied to simulate risk scenarios and evaluate the financial performance of investment projects. [12], [13],
[14]. For instance, Monte Carlo has been used to estimate the stochastic net present value (NPV) in real estate projects. [15], [16] and to
assess the risk of cost overruns [17]. However, a limitation of the Monte Carlo method lies in its requirement for many trials to achieve
high accuracy, resulting in extended computation times. [7].

To address this drawback, the Latin Hypercube Sampling method has been proposed as a more efficient alternative, leveraging stratified
random sampling to reduce the number of trials while maintaining accuracy. [6], [18]. Additionally, other methods, such as Quasi-Monte
Carlo, have also been studied for risk analysis, but LHS remains preferred due to the efficiency of its stratified sampling technique. [19].
Furthermore, studies have indicated that combining Monte Carlo simulation with modern project management approaches, such as BIM
(Building Information Modeling), can significantly enhance cost and schedule management efficiency [4] [20 — 26]. BIM has been recog-
nised as a tool for managing the project lifecycle, from design to construction, helping to mitigate risks related to cost and time [4], [21].
From a financial perspective, indicators such as NPV and Internal Rate of Return (IRR) are commonly used to assess the investment
efficiency of real estate projects [3] [27 - 34]. NPV provides insight into the present value of future cash flows, while IRR reflects the
project’s intrinsic profitability [28], [29]. However, studies have emphasised that the application of NPV and IRR should be complemented
by sensitivity analysis to evaluate the impact of risk factors [34 - 39]. Sensitivity analysis has been employed to identify key factors
affecting profitability, such as interest rates and initial investment capital [34], [37]. Additionally, using simulation techniques, such as
Monte Carlo, enhances the accuracy of NPV and IRR estimates in high-risk scenarios. [3], [33].

Project risk management has also been a critical topic in recent studies. Research has underscored the importance of risk assessment in
construction projects, particularly high-rise developments [1], [2], [10], [11], [40], [41]. Methods such as simulation-based risk analysis
[5],[6], [18], [42], [43]Quantitative risk analysis [44] and project scheduling techniques [45], [46] Proposals have been proposed to mitigate
risk impacts. Specifically, in the Vietnamese market context, studies have highlighted that risk factors such as interest rates and capital
costs significantly influence the financial performance of projects. [8], [9], [47], [48]. However, there remains a lack of detailed compara-
tive studies on sales strategies in this market, as well as evaluations of the effectiveness of Monte Carlo and Latin Hypercube methods in
financial risk analysis [49], [50]. This study aims to address these gaps by providing empirical evidence on the financial performance and
risks associated with two sales strategies, while comparing the effectiveness of the two simulation methods in supporting investment deci-
sion-making [51], [52].

3. Research methodology

3.1. Net present value (NPV) and Internal rate of return (IRR)

Cash flow analysis was conducted to evaluate the financial efficiency of two sales strategies for the Marina Plaza Long Xuyen project:
evenly distributed revenue over time and concentrated revenue at key construction milestones. [53], [54]. Cash inflows were constructed
based on revenue from sales milestones, including agreement signing, foundation completion, and apartment handover, while cash outflows
encompassed costs such as land acquisition, construction, equipment, and other expenses [53]. To support cash flow management, the
study integrated modern project scheduling techniques [45], [46] And applied project lifecycle management tools, such as BIM (Building
Information Modeling), to enhance cost and schedule efficiency[4] [21 — 26].. BIM has been proven to be an effective tool in mitigating
risks related to cost and time in construction projects [4], [16], [21].

Financial efficiency was assessed using two primary indicators: Net Present Value (NPV) and Internal Rate of Return (IRR) [27 — 34]. The
formula for calculating NPV is defined as follows:

C
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Where:

Cirepresents the net cash flow at time t;

r is the discount rate;

t is the number of periods (measured in months);

Co is the initial investment cost [3], [15], [29];

NPV reflects the present value of future cash flows, with a positive value indicating that the project is likely to generate profits exceeding
the discount rate [28], [29]. In this study, NPV was calculated at discount rates ranging from 0% to 100% to evaluate financial efficiency
under varying levels of risk [30].

IRR is defined as the discount rate at which NPV equals zero [28 - 39], i.e., solving the equation:
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Where:

NPV present value of project cash flows;

Cirepresents the net cash flow at time t;

IRR rate of return at NPV = 0;

t is the number of periods (measured in months);

Co is the initial investment cost;

IRR reflects the intrinsic profitability rate of the project, with a value higher than the required discount rate indicating project feasibility
[31], [32]. Additionally, the study calculated the Payback period to assess the speed of capital recovery, determined as follows:

Amount owed

Payback period = Year before positive cumulative cash flow +

3)

Cash flow in the first positive year

Where the outstanding amount is the absolute value of the last negative cumulative cash flow [27], [30]. These metrics were applied to
both sales strategies, providing a basis for comparing financial efficiency and supporting investment decision-making [33], [55]. Previous
studies have emphasized the importance of integrating NPV, IRR, and Payback Period in evaluating real estate investments, particularly
in high-risk projects [31], [32], [35].

3.2. Monte Carlo and Latin hypercube methods

The study utilizes two simulation methods, Monte Carlo and Latin Hypercube Sampling, to analyze the financial risks of the Marina Plaza
Long Xuyen project. The Monte Carlo method generates random scenarios based on the probability distributions of input variables, thereby
simulating the distribution of output variables such as profit [7] [12 - 14]. The fundamental formula for the Monte Carlo method to estimate
the expected value I (in this case, the expected profit of the project) is expressed as follows:

R Evien @)

Where:

I is the estimated value of the desired outcome;

N is the number of random samples taken;

f(Xi) is the value of the profit function at the random sample point Xi, vdi Xi randomly drawn from the probability distribution of the input
variables;

In this study, input variables such as bank interest rates and initial investment capital are modeled using a Triangular Distribution, rather
than standard or log-normal distributions, due to the ability to specify minimum, maximum, and most likely values, making it suitable for
realistic financial scenarios. This distribution is particularly well-suited to the Vietnamese real estate market, where interest rates and
investment capital are influenced by credit policies and macroeconomic fluctuations, resulting in variations within defined ranges. [14].
This choice simplifies computations in Monte Carlo and Latin Hypercube Sampling (LHS) simulations while ensuring representativeness
for the financial scenarios of the Marina Plaza Long Xuyen project.

Although the Monte Carlo method can simulate complex scenarios, it requires many trials to achieve high accuracy, resulting in prolonged
computation times. [7]. To address this limitation, the Latin Hypercube Sampling method is employed as an alternative. [6], [18]. The Latin
Hypercube Sampling (LHS) method facilitates the selection of sample values by dividing the range of factors, such as interest rates or
initial investment, into equal small parts, then randomly selecting one value from each part. For example, if interest rates range from 6%
to 10%, LHS can divide this into three parts (6—7.33%, 7.33-8.67%, 8.67-10%) and select one value from each part, ensuring that all value
areas are considered. This approach reduces the number of computations while still providing reliable results, saving time and supporting
investors in making quick decisions, particularly in complex projects like Marina Plaza Long Xuyen. The formula for generating samples
is expressed as follows:

xy = Fj (2L ()
Where:

Xijj is the value of the j-th sample in the i-th stratum;

Sijis the mean value of the i-th stratum, typically taken as i - 0.5;

Uijj is a random value drawn from a uniform distribution.

Fi! is the inverse cumulative distribution function of the j-th variable, transforming values from a uniform distribution to the desired
distribution;

N is the number of samples. [18], [19].

Latin Hypercube Sampling ensures that samples are evenly distributed across the entire value space, reducing the number of trials required
while maintaining accuracy. [6], [18]. Previous studies have demonstrated that Latin Hypercube outperforms Monte Carlo in terms of
convergence speed and accuracy in project risk analysis. [6], [19], particularly in complex real estate projects [56]. The simulation results
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from both methods were used to compare profit distributions, convergence rates, and risk levels of the two sales strategies, providing a
basis for evaluating financial efficiency and risk. [S51].

3.3. Risk and sensitivity analysis

Risk analysis was conducted using the Cumulative Distribution Function (CDF) to assess the probability of profit falling within various
risk zones, based on simulation results from Monte Carlo and Latin Hypercube methods. [6], [18], [43]. The CDF formula for the profit
variable (R) is expressed as follows:

CDF(R) =P(R < )= % Y IR <) (©6)

Where:

CDF(R) is the cumulative distribution function, representing the probability that the profit (R) is less than or equal to a threshold (r);

N is the number of samples (2,000 for Monte Carlo and 1,000 for Latin Hypercube);

I (Rj <r) is the indicator function, equal to 1 if the profit (R;) at the j-th sample is less than or equal to (r), and 0 otherwise;

¥ denotes the summation, calculating the total number of times (Rj <r) from j =1 to j = N. [5], [42].

The CDF enables the determination of risk probabilities, such as the likelihood of profit falling below a specific threshold, thereby assessing
the risk level of each sales strategy. [5], [42]. This method has been effectively applied in construction projects to evaluate cost and time
risks. [5], [42], [43]. Additionally, the study employed quantitative risk analysis techniques to prioritize key risk factors. [44] and integrated
modern risk management methods, such as fuzzy risk analysis [47].

Sensitivity analysis was conducted to determine the impact of input variables (bank interest rates, initial investment capital) on profit,
utilizing a tornado diagram. [34], [36], [37]. The sensitivity of profit (R) to the input variable (X) is calculated as follows:

AR(X) = RXi max — RXi_min @

Where:

AR(X;) is the change in profit when the variable (X;) varies from its minimum value (Xi-min) to its maximum value (Xi-max);

R(Xi-max) is the profit when (X;) is at its maximum value, with all other variables held constant at their baseline values;

R(Ximin) is the profit when (Xi) is at its minimum value. [37].

The tornado diagram is constructed by ranking the variables based on their AR(Xi) values, facilitating the identification of the factors with
the most significant impact on financial performance. [34], [38]. Previous studies have highlighted that sensitivity analysis is critical for
managing financial risks, particularly in volatile markets such as Viet Nam, in real estate projects. [36], [57]. The results of the risk and
sensitivity analyses were used to compare the risk levels between the two sales strategies, providing a basis for selecting the optimal
strategy in the context of the Vietnamese market [49], [50], [52].

4. Results

4.1. Total project investment

The analysis of the total investment for the Marina Plaza Long Xuyen project provides a detailed overview of the cost structure, serving as
the foundation for subsequent financial analyses. The total investment encompasses key cost components, including land acquisition, con-
struction, equipment, and contingency (Table 1).

Table 1: Total Investment
Pre-tax value Value-added tax Net worth

i (million VND) (million VND) ___(million VND) ' roportion
1 Land purchase costs [58], [59] 68.856,48 5.987,52 74.844,00 16,79%

I Construction costs [58], [60] 231.758,74 20.152,93 251.911,67 56,51%
111 Equipment costs [58], [60] 36.594,68 3.182,15 39.776,83 8,92%

v Project management costs [58], [61] 4.827,68 419,80 5.247,48 1,18%

A% Construction investment consulting costs [58], [60], [62 - 68] 11.565,45 1.005,69 12.571,14 2,82%

VI Other costs [58], [69], [70] 4.048,52 352,04 4.400,56 0,99%

VII  Contingency costs [58] 52.437,49 4.559,78 56.997,27 12,79%
Total 410.089,03 35.659,92 445.748,95 100,00%

Note: The total investment cost for the construction of the Marina Plaza Long Xuyen project (in million VND) includes land (16.79%), construction (56.51%),
equipment (8.92%), contingency (12.79%), and other expenses, totaling 445,748.95 million VND, which supports effective cost management.

This table lists the cost components before tax, value-added tax (VAT), and after tax, including costs for land acquisition, construction,
equipment, contingency, investment, and construction consulting, project management, and other expenses [7]. To provide a more precise
visualization of the proportion of each cost component, Fig. 2 illustrates the allocation of the total investment.

A) Total Investment (%) B) Total Investment (Million VND)

Contingency costs Land purchase
56.997.27 million VND cost 74.844,00
million VND

costs 12,79% Land purchase cost
16.79%

Fig. 2: Investment Chart.
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The pie chart illustrates the percentage and after-tax values of the cost components: construction costs (the most significant proportion),
land acquisition costs, contingency costs, equipment costs, investment and construction consulting costs, project management costs, and
other expenses [53]. Data from Table 1 and Fig. 2 indicate that construction costs account for the highest proportion at 56.51%, equivalent
t0251,911.67 million VND. In comparison, land acquisition and contingency costs represent 16.79% (74,844.00 million VND) and 12.79%
(56,997.27 million VND). Other components, such as equipment costs (8.92%, 39,776.83 million VND) and consulting costs (2.82%,
12,571.14 million VND), have lower proportions. The total after-tax investment amounts to 445,748.95 million VND, reflecting the large
scale of the project and the necessity for effective cost management. [10], [40].

4.2. Cash flow analysis

4.2.1. Sales strategies

Based on the analyzed cost structure, the project's cash flow evaluation compared the financial efficiency of two sales strategies: evenly
distributed revenue over time and concentrated revenue at key construction milestones. The revenue for each strategy is detailed in Table

2.

Table 2: Sales Revenue of the Two Strategies

Monthly payment method

Payment term

Payment rate

Revenue (million

Payment method according to the construction progress

Payment term

Payment rate

Revenue (million

VND) VND)
Sign the agreement 10% 6.657,77 Sign the agreement 10% 4.438,51
After 1 month from the first batch 10% 20.146,40 After 1 month from the first batch 10% 13.448,69
lissediairel ;e senitiog olilve et eptuplisitns o0, 27.066,07 Foundation completed 10% 22.661,59
of the foundation
Payment after the 3rd instalment, 1 month 4% 15.026,28 Completed 1st-3rd floors 4% 13.296,64
Payment after the 4th instalment, 1 month 2% 12.465,67 Completed 4th-6th floors 4% 15.285,41
Payment after the Sth instalment, 1 month 2% 13.515,89 Completed 7th-9th floors 4% 17.318,16
Payment after the 6th instalment, 1 month 2% 14.585,91 Completed 10th-12th floors 4% 19.395,73
Payment after the 7th instalment, 1 month 2% 15.676,08 Completed 13th-15th floors 4% 21.519,04
Payment after the 8th instalment, 1 month 2% 16.786,73 Completed 16th-18th floors 4% 23.688,96
Payment after the 9th instalment, 1 month 2% 17.918,22 Completed 19th floor-ST 2% 19.804,40
Payment after the 10th instalment, 1 month 2% 19.070,91 Completed 1st-3rd floors 2% 21.040,15
Payment after the 11th instalment, 1 month 2% 20.245,14 Completed 4th-6th floors 2% 22.302,16
Payment after the 12th instalment, 1 month 2% 21.441,29 Completed 7th-9th floors 2% 23.590,95
Payment after the 13th instalment, 1 month 2% 22.659,73 Completed 10th-12th floors 2% 24.907,03
Payment after the 14th instalment, 1 month 2% 23.900,83 Completed 13th-15th floors 2% 26.250,92
Payment after the 15th instalment, 1 month 2% 9.541,53 Completed 16th-18th floors 2% 27.623,18
Payment after the 16th instalment, 1 month 2% 9.541,53 Completed 19th floor-ST 2% 29.024,35
Payment after the 17th instalment, 1 month 2% 9.541,53 Apartment handover notice 25% 123.427,10
Payment after the 18th instalment, 1 month 2% 9.541,53 Handover of apartment ownership 5% 24.685,42
Payment after the 19th instalment, 1 month 2% 9.541,53
Payment after the 20th instalment, 1 month 2% 9.541,53
Payment after the 21st instalment, 1 month 2% 9.541,53
Apartment handover notice 25% 119.269,16
Handover of apartment ownership 5% 23.853,83

This table outlines the revenue for the two sales strategies (time-based and construction progress-based) across key project lifecycle phases,
including agreement signing, foundation completion, structural construction, finishing, apartment handover, and issuance of ownership
certificates. [54]. The time-based strategy distributes revenue more evenly, with 6,657.77 million VND (10%) at the agreement signing
phase, 53,870.24 million VND (30%) at the foundation completion phase, 333,953.63 million VND (70%) at the finishing phase, and
453,222.79 million VND (95%) at the apartment handover phase. Conversely, the construction progress-based strategy concentrates reve-
nue at key milestones, with 4,438.51 million VND (10%) at the agreement signing phase, 40,548.79 million VND (30%) at the foundation
completion phase, 345,595.87 million VND (70%) at the finishing phase, and 469,022.97 million VND (95%) at0.0% at the apartment
handover phase [53].

To better understand the cash flow differences between the two strategies, Figures 3 and 4 illustrate each strategy's cash inflows and
outflows trends.

000,010 millien VNI

Topping out the
rough structure

Opening
sales time

900,000 millicn VND

800,000 million VND
Lpan period

700.000 million

VND

600,000 million VNI

500,000 million VND

400,000 million VND

300,000 millicn VNI

200,000 million VND

142 43 44 45 46 47 48 49

payable on loan

Fig. 3 Cash Flow Chart of Monthly Sales Plan.

Following this analysis, Fig. 4 provides an overview of the cash flow for the remaining strategy.
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Fig. 4: Sales Plan Cash Flow Chart According to Construction Progress.

Figures 3 and 4 illustrate the cash flows of two sales strategies for a condominium project in Vietnam, corresponding to the monthly and
construction progress-based strategies, respectively. These Figures include accumulated costs before and after loans, accumulated revenue
after loans, and key phases such as sales launch, rough construction completion, and issuance of ownership certificates. For both strategies,
accumulated costs before loans steadily increase from 0 million VND in month 1 to approximately 200,000 million VND by month 22,
then stabilise, reaching 445,748.95 million VND by month 49. Regarding revenue, in Fig. 3 (monthly sales strategy), accumulated revenue
after loans reaches 860,394.43 million VND by month 49. In contrast, in Fig. 4 (construction progress-based strategy), the accrued revenue
after loans is 854,028.63 million VND, 6,365.80 million VND lower than Fig. 3. By month 49, the strategy in Fig. 3 achieves a profit of
180,302.78 million VND, higher than the profit of 179,983.74 million VND for the strategy in Fig. 4. Both strategies record rapid revenue
increases during the sales launch and handover phases. Still, the monthly sales strategy (Fig. 3) is more effective regarding revenue and
profit, particularly during the handover phase, due to a more flexible sales approach [8]. This highlights the importance of optimising sales
strategies in volatile real estate markets like Vietnam. [11], [43].

Table 3: Cash Flow Summary

Criteria Monthly payment method Payment method according to the construction progress
Loan interest rate 8,00% 8,00%

Floating interest rate 3,00% 3,00%

Loan term 02 - 48 (47 months) 02 - 37 (36 months)

Initial owner's equity 22.500,00 million VND 22.500,00 million VND

Total pre-loan costs

Loan requirements

Total interest repayments
Total principal repayments
Total principal repayments
Total interest repayments
Total costs after the loan
Total revenue

445.748,95 million VND
208.989,46 million VND
25.353,23 million VND

208.989,46 million VND
234.342,69 million VND
680.091,65 million VND
860.394,43 million VND
180.302,78 million VND

445.748,95 million VND
210.394,55 million VND
17.901,38 million VND

210.394,55 million VND
228.295,94 million VND
674.044,89 million VND
854.028,63 million VND
179.983,74 million VND

This table presents key metrics such as loan capital requirements, total interest payments, and net revenue for the two sales strategies. [53].
The time-based strategy records a lower loan capital requirement of 208,989.46 million VND, with total interest payments of 25,353.23
million VND and net revenue of 180,302.78 million VND. In contrast, the construction progress-based strategy has a higher loan capital
requirement of 210,394.55 million VND, with total interest payments of 17,901.38 million VND and net revenue of 179,983.74 million
VND. This difference reflects the impact of revenue allocation on the project’s liquidity and financial costs. [54], [S5].

4.2.2. Financial analysis using NPV

To further evaluate the financial efficiency of the two sales strategies, an NPV analysis was conducted, with the results presented in Table
4.

Table 4: Compare NPV of the Two Sales Options
NPV monthly payment method (million NPV payment method according to construction progress (million

No. Discount ratio Discount ratio

VND) VND)
1 000% 157.802,80 0,00% 157.483,70
2 10,00% 107.608,10 10,00% 103.510,40
3 20,00% 74.905,70 20,00% 69.080,90
4 30,00% 52.677,30 30,00% 46.170,00
5 40,00% 37.019,80 40,00% 30.370,90
6 50,00% 25.650,90 50,00% 19.139,20
7 60,00% 17.177,30 60,00% 10.941,60
8 70,00% 10.716,80 70,00% 4.819,70
9 80,00% 5.692,50 80,00% 154,60
10 90,00% 1.716,30 80,30% 0,00
11 95,10% 0,00 90,00% -2.334,50
12 100,00% -1.716,30 100,00% -7.665.90

This table lists the NPV values for the two strategies at discount rates ranging from 0% to 100% [29], [30]. At a 10% discount rate, the
time-based strategy has an NPV of 107,608.10 million VND, significantly higher than the construction progress-based strategy, which has
an NPV of 103,510.40 million VND. As the discount rate increases to 50%, the NPV for the time-based strategy decreases to 25,650.90
million VND, while the construction progress-based strategy reaches only 19,139.20 million VND. At a 100% discount rate, both strategies
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yield negative NPVs, at -1,716.30 million VND and -7,665.90 million VND, respectively. [28], [31], [32]. Fig. 5 depicts the NPV trends
across discount rates to illustrate this difference visually.

107,608.10

108,000 million VND million VND
107,000 million VND

=
106,000 million VND §
105,000 million VND 5

Z 103,510.40
104,000 million VND & million VND

L
103,000 million VND %
102,000 million VND &

NPV

101,000 million VND
Monthly payment method =~ Payment method according to
construction progress
#Monthly payment method

Fig. 5: NPV Chart by Discount Rate.

The monthly payment strategy demonstrates an advantage with an NPV of 107,608.10 million VND, indicating a higher present value of
cash flows and a high IRR of 95.10%, reflecting strong profit potential. In contrast, the construction progress-based payment strategy, with
an NPV of 103,510.40 million VND and an IRR of 80.30%, shows lower profitability. [3], [29], [33].

4.2.3. Analysis of NPV and IRR correlation

Following the NPV analysis, the correlation between NPV and IRR was examined to gain deeper insights. Fig. 6 provides a visual repre-
sentation of the correlation between NPV and IRR.
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Fig. 6: Correlation Chart between NPV and IRR.

The chart for the time-based strategy shows an IRR of 95.10%, while the construction progress-based strategy records an IRR of 80.30%.
At the IRR point, the NPV of both strategies equals zero. However, the time-based strategy demonstrates a significantly higher NPV at
discount rates lower than the IRR. For example, at a 20% discount rate, the NPV reaches 74,905.70 million VND compared to 69,080.90
million VND for the construction progress-based strategy. [35], [36]. The chart indicates that the higher IRR of the time-based strategy
reflects a superior intrinsic profitability, consistent with the prior NPV analysis. [28], [31], [32].

4.2.4. Comparison of Monte Carlo and Latin hypercube methods

4.2.4.1. Input variables and output distribution

The study applied Monte Carlo and Latin Hypercube simulations to evaluate the financial risks of the two sales strategies, starting with the
declaration of input variables and output distributions, as presented in Table 5.

Table 5: Input Variable Declaration and Output Variable Statistics
No. Input variables Minimum Likeliest Maximum Distribution shape

1 Bank interest rate 6% 8% 10%

2 Initial investment capital 12.500,00 22.500,00 32.500,00
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Output variable

3 Profit 157.802,78 ’_H
piE

This table lists the input variables (bank interest rate, initial investment capital) with triangular distributions and the statistics of the output
variable (profit) from Monte Carlo and Latin Hypercube simulations [7], [13]. The bank interest rate is assumed to fluctuate between 6%
and 10%, with a most likely value of 8%, while the initial investment capital ranges from 12,500 million VND to 32,500 million VND,
with a most likely value of 22,500 million VND [6], [18], [19].

4.2.4.2. Convergence speed

Next, the convergence rates of the two simulation methods were analysed to evaluate computational efficiency, with the results presented
in Table 6.

Table 6: Compare the Convergence Speed of the Two Methods

Number of tests 400 800 1200 1600 2000
Monte Carlo method Time (seconds) 169,90 341,64 511,95 682,09 857,70
Mean (million VND) 154.761,97 155.454,58 155.231,40 155.366,10 155.187,33
Number of tests 200 400 600 800 1000
Latin Hypercube method Time (seconds) 84,94 168,34 251,68 338,58 430,30
Mean (million VND) 155.445,58 155.816,49 155.195,02 154.995,00 155.052,73

This table lists the number of trials required to achieve stability in the average profit value, with Monte Carlo requiring 2,000 trials and
Latin Hypercube needing 1,000 trials [6], [7], [18], [19]. Monte Carlo achieves stability with a 1% error margin after 2,000 trials. In contrast,
Latin Hypercube requires only 1,000 trials to attain the same error margin, reflecting the difference in computational efficiency between
the two methods. The convergence trends are visually illustrated in Fig. 7.
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The Monte Carlo and Latin Hypercube Sampling methods were compared for their efficiency and convergence speed in analysing financial
risks for a condominium project in Vietnam. Monte Carlo utilised 400 to 2,000 trials, while Latin Hypercube Sampling applied 200 to
1,000 trials. Monte Carlo, based on random integration, requires a large number of trials to achieve high accuracy, with processing times
ranging from 169.90 seconds (400 trials) to 857.70 seconds (2,000 trials) [7]. In contrast, Latin Hypercube Sampling, with its stratified
input space strategy, significantly reduces computation time, ranging from 84.94 seconds (200 trials) to 430.30 seconds (1,000 trials) [12].
Regarding the mean value, Monte Carlo fluctuated between 154,761.97 million VND and 155,187.33 million VND. Latin Hypercube
Sampling ranged from 155,445.58 million VND to 155,052.73 million VND, indicating greater stability for Latin Hypercube Sampling
despite fewer trials [8]. Latin Hypercube Sampling converges faster, making it particularly suitable for volatile real estate markets like
Vietnam, where computational resource optimisation is critical [43]. Therefore, Latin Hypercube Sampling outperforms Monte Carlo in
efficiency and convergence speed, facilitating faster investment decision-making.

4.2.4.3. Risk analysis

Based on the comparison of convergence rates, the Latin Hypercube method is the optimal approach due to its ability to achieve stability
faster with 1,000 trials compared to Monte Carlo’s 2,000 trials. Consequently, Latin Hypercube was used to evaluate the financial risk
levels of the two sales strategies, with the results illustrated in Fig. 8.
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Fig. 8 Risk analysis chart illustrates the profit distribution with cumulative probability for a condominium project in Vietnam, based on
1,000 trials using the Latin Hypercube Sampling method. The statistical details of this distribution are summarised in Table 7, Trial Statis-
tics.

Table 7: Trial Statistics

Statistical Predictive value

Trials 1.000

Base case 157.802,78 million VND
Mean 157.406,25 million VND
Median 157.576,72 million VND
Standard deviation 11.000,63 million VND
Variance 121.013.789,21 million VND
Skewness 0,0662

Kurtosis 2.8

Coeff of variation 0,0708

Minimum 123.320,84 million VND
Maximum 182.129,12 million VND
Mean Std error 347,87 million VND

Based on the data from Table 7, the profit distribution of the project ranges from 123,320.84 million VND to 182,129.12 million VND,
with a mean of 157,406.25 million VND and a median of 157,576.72 million VND, indicating a relatively stable concentration around
157,500 million VND. The standard deviation of 11,000.63 million VND and a coefficient of variation of 0.0708 reflect a moderate level
of dispersion. At the same time, the skewness of 0.0662 and kurtosis of 2.8 suggest a distribution that is slightly right-skewed and close to
a normal distribution. The mean standard error of 347.87 million VND indicates a relatively high accuracy of the mean estimate with 1,000
trials. These findings underscore the effectiveness of the Latin Hypercube Sampling method in simulating financial risk scenarios [12],
while emphasizing the need for robust risk management strategies to mitigate adverse outcomes in Vietnam’s volatile real estate market
[81, [43].
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Fig. 9: Profit Distribution Chart with Cumulative Probability.

The content of the quantile chart for the profit distribution is summarised in Table 8.

Table 8: Percentiles

Percentage Forecast value (million VND)
0% 123.320,84
10% 144.433,89
20% 147.751,45
30% 150.500,82
40% 152.719,95
50% 157.576,72
60% 159.660,43
70% 162.323,39
80% 164.420,38
90% 171.420,38
100% 182.129,12

Based on the data from Table 8, the profit distribution of the condominium project ranges from 123,320.84 million VND (0Oth percentile)
to 182,129.12 million VND (100th percentile), with the 50th percentile (median) at 157,576.72 million VND, consistent with the mean
value from prior analyses. The 20th percentile indicates a profit of 147,751.45 million VND, approximately 10,000 million VND below
the median. In comparison, the 80th percentile reaches 164,420.38 million VND, about 7,000 million VND above the median, reflecting a
relatively stable profit variation. Notably, the worst 20% of scenarios (below the 20th percentile) yield profits below 147,751.45 million
VND, highlighting significant financial risks in adverse scenarios. These findings further confirm the effectiveness of the Latin Hypercube
Sampling method in assessing financial risks. [12], while underscoring the importance of implementing risk management strategies to
mitigate the impact of adverse scenarios in Vietnam’s real estate market [8], [43].

4.2.4.5. Sensitivity analysis

Following the risk analysis, the impact of input variables on profit was determined, with the results illustrated in Fig. 9.
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Fig. 9: Sensitivity analysis chart illustrates the impact of assumptions on the profit of the condominium project in Vietnam, based on
sensitivity analysis. The assumptions and their effect on profit are summarised in Table 9, Sensitivity analysis.

Table 9: Sensitivity Analysis

Assumptions Profit
Loan interest rate -28,54%
Investor's initial capital -91,80%

Based on the data from Table 9, the sensitivity analysis reveals that two key assumptions significantly influence the profit of the condo-
minium project in Vietnam. The loan interest rate has a negative impact of -28.54%, indicating that an increase in the loan interest rate
would substantially reduce the project’s profit due to higher borrowing costs in the early stages of the project. However, the most significant
factor is the investor's initial capital, with an impact of -91.80%, highlighting that profit is highly sensitive to changes in the initial capital;
a reduction in this capital would lead to a sharp decline in profit, as the project heavily relies on initial funding to maintain construction
progress and cover additional costs. These findings underscore the need for real estate projects in Vietnam, particularly in a volatile market,
to focus on managing borrowing costs and ensuring a stable initial capital base to mitigate financial risks. [43]. Furthermore, the application
of sensitivity analysis is crucial to support investors in making strategic decisions across various financial scenarios. [8], [37].

5. Discussion

The research provides a comprehensive overview of the financial efficiency and risks associated with the Marina Plaza Long Xuyén con-
dominium project in the Vietnamese market, while highlighting the advantages of Latin Hypercube Sampling over Monte Carlo in financial
risk analysis. Cash flow analysis from Fig.s 3 and 4 demonstrates that the monthly sales strategy outperforms the construction progress-
based strategy in terms of revenue and profit, achieving a net profit of 180,302.78 million VND by month 49, compared to 179,983.74
million VND for the construction progress-based strategy. This finding aligns with [3], which suggests that a flexible sales strategy with
evenly distributed revenue reduces liquidity pressure and enhances profitability in volatile real estate markets. However, the profit differ-
ential also indicates that in smaller provincial markets like Long Xuyén, where development may be slower, concentrating revenue at key
construction milestones (as in Fig. 4) could increase financial risk due to reliance on specific time points. [4].

Profit distribution analysis from Figures 8 and 9, supported by Tables 7 and 8, shows that the project’s profit ranges from 123,320.84
million VND to 182,129.12 million VND, with a mean of 157,406.25 million VND and a median of 157,576.72 million VND. Notably,
the worst 20% of scenarios (below the 20th percentile) yield profits below 147,751.45 million VND, reflecting significant financial risk in
adverse scenarios. This result is consistent with [43], which notes that real estate projects in emerging markets often face substantial profit
declines due to interest rate fluctuations and buyer sentiment. Conversely, the best 10% of scenarios (above the 90th percentile) yield
profits exceeding 171,420.38 million VND, indicating considerable profit potential under favorable market conditions. Compared to [12].
The profit distribution in this study has a lower standard deviation (11,000.63 million VND versus 25,000 million VND in [12]), attributed
to using Latin Hypercube Sampling with 1,000 trials, confirming the method’s stability and efficiency in reducing simulation variability.
Sensitivity analysis from Fig. 9 and Table 9 highlights the critical roles of initial investment capital and loan interest rates in influencing
profit. Initial investment capital has the most substantial impact, with a sensitivity of -91.80%, indicating that reducing this capital could
significantly decrease profit, as the project heavily relies on initial funding to maintain construction progress. This finding is consistent
with [37], which identifies initial investment capital as the most sensitive factor in real estate projects in volatile markets. Loan interest
rates, with a sensitivity of -28.54%, are also a significant factor, particularly in the context of Vietnam’s volatile interest rate environment
in 2025 [1]. Compared to [34]. The sensitivity to interest rates in this study is lower (28.54% versus 35% in [34]), possibly due to differences
in the project’s financial structure and assumptions about interest rate fluctuation ranges.

Methodologically, Latin Hypercube Sampling demonstrated superior efficiency and stability compared to Monte Carlo, with significantly
reduced processing times (430.30 seconds versus 857.70 seconds for 1,000 and 2,000 trials, respectively). This supports [6], which argues
that Latin Hypercube Sampling, with its stratified random sampling technique, is a more effective tool for simulating financial risk scenar-
ios, particularly in complex real estate projects. As explained in the Research Methodology section, using a Triangular Distribution for
input variables such as bank interest rates and initial investment capital simplifies simulations. Still, it may not fully capture asymmetric
fluctuations in the Vietnamese real estate market, such as the impact of sudden credit policy changes or volatile buyer sentiment. Skewed
distributions, such as log-normal or beta, could be explored in future research to more accurately simulate complex financial scenarios,
primarily in provincial markets like Long Xuyen. [47]. Future studies should also integrate external factors, such as changes in legal policies
or macroeconomic fluctuations, to enhance the reliability of simulations. [9]. Future research should expand the scope to include these
factors and consider hybrid methods, such as combining Monte Carlo with fuzzy risk analysis, to improve accuracy in complex scenarios.
[471.

From a practical perspective, this study underscores the importance of optimizing sales strategies and managing financial risks in real estate
projects in Vietnam. With its ability to distribute revenue evenly, the monthly sales strategy improves liquidity and mitigates financial risks
in adverse scenarios. Additionally, simulation tools like Latin Hypercube Sampling can assist investors in making rapid and effective
strategic decisions, particularly in a volatile market with increasing demands for sustainable development. [5]. Practical recommendations



422 International Journal of Basic and Applied Sciences

include: (1) prioritizing flexible sales strategies to reduce liquidity pressure, (2) increasing contingency budgets to address adverse scenarios,
and (3) effectively managing interest rates through financial instruments such as interest rate swaps.

6. Conclusion

6.1. Theoretical implications

This study contributes to the theory of financial risk management in real estate projects by comparing and demonstrating the superiority of
Latin Hypercube Sampling over Monte Carlo in simulating complex financial scenarios. The findings confirm that Latin Hypercube Sam-
pling not only reduces computation time (430.30 seconds compared to 857.70 seconds for Monte Carlo) but also provides greater stability,
reinforcing the conclusions of [6]. Regarding the efficiency of Latin Hypercube Sampling in projects with high uncertainty. Furthermore,
the sensitivity analysis (Fig. 9) clarifies the critical roles of initial investment capital (-91.80%) and loan interest rates (-28.54%) as key
determinants of profit, adding to the theoretical framework of sensitivity analysis in financial risk management. [37]. The application of
financial metrics such as NPV and IRR in the context of an emerging market like Vietnam enriches the theoretical framework for evaluating
real estate investment efficiency, particularly in highly volatile markets [3], [33].

The study also extends the theory of sales strategies in real estate by demonstrating that evenly distributing revenue over time (the monthly
strategy) reduces liquidity pressure and enhances profitability, particularly in smaller provincial markets like Long Xuyén. This result
aligns with [3], which examines the impact of sales strategies on financial performance, while offering a novel perspective on optimizing
cash flow in uncertain market conditions. This contribution clarifies the relationship between sales strategies and economic risk in condo-
minium projects in Vietnam. [8].

6.2. Practical implications

From a practical perspective, this study offers specific solutions for real estate investors in Vietnam, particularly in the uncertain financial
landscape of 2025. The adoption of the monthly sales strategy, which yields higher net profit compared to the construction progress-based
strategy, demonstrates its optimality for ensuring liquidity and maximizing financial efficiency, especially in markets with slow product
absorption rates like Long Xuyén [4]. Additionally, the study recommends increasing the contingency budget to 15% of the total investment
to address financial risks, particularly given that the worst 20% of scenarios result in profits below 147,751.45 million VND. [43].

The sensitivity analysis underscores the necessity of managing initial investment capital and loan interest rates, which significantly impact
profit (-91.80% and -28.54%, respectively). Consequently, investors should employ financial instruments such as interest rate swaps to
mitigate risks from interest rate fluctuations and ensure a stable initial capital base through diversified capital mobilization strategies [1].
Integrating Latin Hypercube Sampling into the financial risk assessment process also provides practical benefits, enabling investors to
quickly and accurately analyze risk scenarios, thus facilitating timely strategic decisions in a volatile market. [6].

The study further encourages the adoption of green building standards, such as Lotus certification, in condominium projects in Vietnam.
This not only aligns with the trend toward sustainable development but also enhances the long-term value of projects, particularly as the
government and consumers increasingly prioritize environmental standards. [5]. These recommendations provide a practical guide for
investors to improve financial efficiency and mitigate risks in real estate projects in Vietnam.

6.3. Contribution

This study contributes to the field of financial risk management in real estate by providing empirical evidence on the superior efficiency
of Latin Hypercube Sampling compared to Monte Carlo in simulating financial risks, adding to the body of research on simulation methods
in emerging markets [6], [8]. The detailed analysis of profit distribution and sensitivity for the Marina Plaza Long Xuyén project elucidates
key risk factors (initial investment capital and loan interest rates), offering a comprehensive analytical framework for condominium projects
in Vietnam. The study also advances the theory of sales strategies by demonstrating the superiority of the monthly revenue distribution
strategy, providing a scientific basis for investors to optimize cash flow and mitigate financial risks [3].

Furthermore, the study delivers practical value by proposing specific solutions to enhance financial efficiency and risk management, in-
cluding sales strategies, interest rate management, and the application of Latin Hypercube Sampling. These contributions assist investors
in making strategic decisions and lay the groundwork for future research on financial risk management in volatile real estate markets like
Vietnam. Moreover, by leveraging advanced simulation methods like LHS and promoting Lotus certification, this study significantly ad-
vances sustainable development, aligning with global green building trends that emphasize energy efficiency and environmental sustaina-
bility. [S].
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