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Abstract: This paper analyzes the factors influencing cash flows and divides them as certainty factors and uncertainty
factors; it mainly discusses the uncertainty factors causing change of cash flow. For the characteristics of uncertainty of
cash flows in real estate project, we adopted probability theory and mathematical statistics to balance and estimate the
cash flows. Then the computer simulation method for uncertainty factors based on Beta distribution and normal distribu-
tion is proposed, with the prediction method of cash inflow and outflow. Illustrated by the case of actual real estate pro-
jects, we provided financial evaluation by traditional evaluation methods and simulation methods of uncertainty factors
and compared the evaluation results. The experiment results show that the improved method has more scientific and accu-
rate performance in basic data, compared to the traditional method, and it can acquire more reliable Evaluation results.
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1. INTRODUCTION

Since real estate development has a high profit margin
and rate of return, it is one of the highly paid industries.
However, it also has disadvantages such as large investment,
long construction cycle, etc. It is easily influenced by many
factors such as domestic and foreign economy, political situ-
ation, macro-control policies, so it also has a great risk. In
order to ensure the investment benefit, real estate developers
must make effort to avoid risks. In order to avoid risk to the
maximum extent, we must perform feasibility research be-
fore project investment decision [1-3]. By investigating and
analyzing related aspects affecting the research, feasibility
research evaluates advancement, rationality, economy and
feasibility among other aspects. The core of feasibility study
is the financial evaluation. The investors make decisions
whether to invest or not, according to its evaluation results.

For constant adjustment measures appearing rapidly and
serious market competition environment in real estate indus-
try, the developers will confront more uncertain factors on
activities of development and investment than before. If the
developers want to get success of each project, they must
stress on the feasibility study with reference to the project
investment decision and strengthen uncertain analysis of
research in this study. Because the future change of various
economic elements may bring uncertainty, it lacks enough
information and advantage of prediction method. So the
evaluation indicators of economic effect in investment pro-
ject often predict uncertainty [4]. The direct result of uncer-
tainty is the deviation from the evaluation value to the prac-
tical value in economic effect of investment project. It fur-
ther causes more investment risks for investors and even
makes decision mistakes [5, 6]. Therefore, in order to im-
prove the evaluation reliability of economic effect in this
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project and scientific decision, it needs to further analyze the
influence and the degree of various external conditions, such
as factor change or predictive data error on evaluation indi-
cators of economic effect in this project, based on certainty
evaluation of economic effect. Meanwhile, it also needs to
determine the ability of project to bear the changes of vari-
ous uncertain factors and provides a reliable decision basis
for decision-makers.

This paper studies the management of cash flow in cash
flow estimation of real estate project and developing cash
flow control in each stage. Based on cash flow estimation
management in real estate project, cash flow scale is taken as
the mainline to analyze uncertain factors influencing cash
flow. For minimizing the disadvantages of traditionally fi-
nancial evaluation methods, computer simulation methods
such as sample information of uncertain factors in Beta dis-
tribution, normal distribution, triangle distribution and uni-
form distribution are proposed. On this basis, this paper also
studies the prediction method of cash inflow and cash out-
flow in financial evaluation. Finally, traditionally financial
evaluation method and computer simulation method of un-
certain factors are respectively applied to evaluate practical
cases and perform comparative analysis of evaluation results.

2. ESTIMATION MODEL OF CASH FLOW IN REAL
ESTATE PROJECT

Influencing factors of cash flow in real estate project are
divided into certain factors and uncertain factors [7]. From
the analysis of influencing factors of cash inflow, we can
discover that sale price and sale area directly influence the
quantity of cash inflow. If the location district of real estate
project or project positioning is different, its sale price will
make a great difference. The sale area will change with the
prosperity degree, economic environment and policy envi-
ronment in the market. Therefore, it needs reasonable esti-
mation of sale price and sale g area. At present, cash flow
estimation method in a real estate project is mainly the com-
bination of subjective judgment prediction and mathematical
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method. Prior information of cash flow in a project is pro-
vided by decision makers according to market prediction and
experience accumulation. Then, the prior information will be
modified according to further collected information using
various mathematical methods to reach a decision. There-
fore, collecting cash flow information is the prior condition
of cash flow estimation.

2.1. Distribution Types of Cash Flow

By investigation and research, the cash flow in real estate
project has four probability distribution models as candidate
models. They are: uniform distribution, normal distribution,
Beta distribution and triangle distribution [8]. We adopted
Anderson-Daring statistic, Kolmogorov-Smirnov statistics,
and Chi-Square statistics [9-11] for testing and selecting the
optimal probability distribution model. The discriminating
standard of the optimal probability distribution type is: if test
results of AD statistics, KS statistics and Chi-square statis-
tics are the same, this result will be determined as the stand-
ard. If test results of these three statistics are different, due to
the stability of AD statistics, the test result of AD statistics
will be set as standard. Taking selling price as an example to
collect price data of similar projects in real estate project, the
acquired results are shown in Table 1.

Fitting software of probability distribution is applied for
optimization of fitting probability distribution to cash flow in
a real estate project. The test results of AD statistics, KS
statistics and Kapha’s statistics prove that the sale price
obeys normal distribution. Similarly, the sale area can be
determined to follow Beta distribution. Factors such as con-
struction and installation expense, construction expense of
infrastructure, management expense, reserve funds, sale cost,
sales tax and the plus, land tax, income tax, cash inflow, cash
outflow and net cash flow all obey normal distribution.

2.2. Principle of Cash Flow Estimation Model

Since cash flow of a real estate project has many uncer-
tain factors, so it cannot be considered as a determinant data.
Uncertain estimation of cash flow model in real estate pro-
ject is implementing probability theory and mathematical
statistics to balance and predict the cash flow under error
condition. Based on the analysis of the above, the distribu-
tion types of cash flow, which need to be estimated are Beta
distribution and normal distribution [12]. Based on the dif-
ference of estimated content distribution types, the cash flow
estimation can be divided into cash flow estimation obeying
Beta distribution and cash flow estimation obeying normal
distribution. Illustrated by the former we provide the estima-
tion method as follows:
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The cash flow obeying Beta distribution can generally es-
timate the most optimistic value & , most possible value m
and most pessimistic value 5. When these parameters are
estimated, we can acquire the expectation [l and corre-
sponding variance ¢~ . The computation equations are:

:a+4m+b (1)
6
b—a
2 _ 2 2
o’ =( c ) (2)

According to the characteristics of mathematical expecta-
tion and variance, the expectation 7E, and variance FE are:

TE, == i<L§“b) 3)
koo
E=c?=3 2%y )
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k is the number of activities in this equation. Based on
Lindeberg’s theorem, when the activity number is enough,
the total activity approximately obeys normal distribution
and its probability density function is:

(T-TE, )

e 207 (5)
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Generally, the probability less than or equal to the given
cash can be solved by its normal distribution function [13]:

(T-TE)

20?

P(T<TE,)= J:ﬁe T (6)

T is given estimation value of cash flow items.

If the arriving probability is known, we can get wanted
cash flow T by checking Z value corresponding to the
probability in normal distribution table, and equation 4:

T=TE, +Z0 (7)

3. CASH PREDICTION OF REAL ESTATE PRO-
JECTS FINANCIAL EVALUATION

3.1. Cash Inflow Prediction

Cash inflow is composed of sales income and rental in-
come, denoted respectively as ), and ), ., The sales prices
and rental prices are uncertain factors. Therefore, the proce-
dures of cash inflow prediction are described as follows.

Table 1.  Sales price distribution type.
Kolmogorov Smirnov Anderson Daring Chi-Squared
Distribution
Statistic Rank Statistic Rank Statistic Rank
1 Beta 0.18995 4 2.9372 2 2.7505 3
2 Normal 0.15883 1 0.71166 1 0.5079 1
3 Triangular 0.16147 2 3.72491 3 1.3077 2
4 Uniform 0.17921 3 11.4562 4 N/A
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According to the simulation methods of uncertainties,
and the expectation and standard deviations of sales price
and rental price, denoted as @, ,u, and a,, u,respectively;
the sale price of residential buildings is P =a, u, ; rental
priceis P, =a, *u,.

If the sales area of project is S, , its sales income ), is:
V=B xs =(a,tu)xs =as Tus, (®)

a,s, denotes mathematical expectation of sale income
and 1,5, denotes standard deviation of sale income.

If rental area is S, , the rental income y, is:
y, =P xs, =(a, tu,)Xs, =a,s, tu,s, (€))

For the prediction of cash inflows, from probability theo-
ry [14] we know: when variables € and 7] are independent,
the expectation and variance of the variables have the fol-
lowing characteristics:

{E(ein)zEeiEn (10)
o’(exn)=0’(e)+o’(M)

Therefore, if we use CI to denote cash inflows, its ex-
pectation E(CI) and variance o”(CI) are:

E(CI) ZE(y; +y;) ZE(y{)+E(y;) =aq,s, +a,s, (11)
X (CI) =0y +y,) =0 (1) +07(¥,) = (u,s,)” +(u,s,)* (12)

The cash inflow is:

CI = E(CI)+0(CI) = (a,8, T1,5,) £/ (1;5,)* + (,s,)>  (13)

o(CI) denotes the standard deviation of cash inflow.
3.2. Cash Outflow Prediction

Cash outflow is constituted by certainty factors which are
preliminary engineering cost, construction project installa-
tion cost, urban construction cost, public matching facilities
construction cost, financial cost, and other cost; and “deriva-
tion” uncertain factors which are management cost, sales
cost, reserve cost, sales tax and additional, land value-added
tax, income tax, land cost, and infrastructure construction
cost. Its prediction steps are:

(1) Certainty factors cost estimation

According to traditional estimation methods of certainty
factors, we estimated the preliminary engineering cost, con-
struction installation cost, urban construction cost, public
matching facilities construction cost, financial cost, and oth-
er cost successively. They are respectively denoted as

YioVas Vo Vo> Vs Ve
(2) Computer simulation of uncertainty factors price
The expectation and standard deviation of land price are

simulated with a, and wu, so that the land price is
P=atu,.

Similarly, we can simulate the expectation and standard
deviation of unilateral price of infrastructure costs, with a,
and u, . Then, the unilateral price is P, =a, *u,.

(3) Determination of uncertainty factors’ expense
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If the site area of project is S, and land price is ,, then
v, =B Xs,=(a,Tu)Xs, =as, Tus, (14)

If the building area of the project is §, and infrastructure
expense is ) , then

Yo =P xs,=(a,tu,)Xxs, =azs, *us, (15)

The expense of management, contingencies, sales, sales
taxes and surcharges, land tax and income tax are denoted
respectively as Vo, Vio» V11> Viz» Vis » Yia - The expense
proportions are denoted as I, i,, I;, I, I, Ig. The sum of
expense of land, preliminary engineering, construction and
installation, urban construction, infrastructure and public
facilities construction is denoted as )/, . Then, according to
the expense determined by above factors, the difference be-
tween total profit and the amount of deductions can be calcu-
lated, as denoted by )5 and ). . So,

y9 =y011:a5iu5
y10=y012 =a6iu6
yy=yi=a,tu
v (16)
Vi =4, = ag g
Vi3 = Visks =a, Tu,

= ] = +
Yia = Vigls = o Ty

(4) The prediction of cash outflow.

We use CO to denote the cash outflow. Then, its expec-
tation E(CO) and variance 6°(CO) are:

E(CO)Y=E(y +y,+t 1) =EW)+Ey,)+...+ E(y,) (17)
:yl +y2 ++y6 +a3S3 +a4s4+a5 +a6 +...+a10

O-Z(CO):GZ(% +, +'~~+y14):Gz(y|)+O_2(yz)+"'+o-2(y14) (18)

= (u3s3)2 +(u4s4)2 +us2 +u§ +...+ulz0
The cash outflow is:

CO=E(CO)+0(COY= (3, +y, +ot Yo+ 38, +ays, +as +a, +..+a,)  (19)

+ \/(u3s3)2 +(u,s,)’ Ul +ul +otug,
Then, the net cash flow is:

CI—CO = E(CI - CO)+5(CI - CO) (20)

= ()8, + 4,8, = Y =Yy =T Vg T3Sy — Ay, — A5 — g = .= dyy)

i\/(1¢3s3)2 +(u434)z +us2 +u§ +...+u,20

4. CASE STUDY OF FINANCIAL EVALUATION

The project case is a real estate phase II project which is
mainly composed of small high-rise and multilayer houses. It
totally invests about 76.05 million yuan. The land area is
101.03 mu. The building area is 39,770.62 square meters,
including residence area of 32174.9 square meters, business
building area of 1230 square meters, and garages and other
building area of 6365.72 square meters. This phase of the
project consists of five buildings. Building 1, Building 2,
Building 3 have 7 floors; Building 4 has 6 floors; and Build-
ing 5 has 12 floors. The house types mainly include two bed-
rooms and two parlors apartment; three bedrooms and three
parlors apartment; four bedrooms and three parlors apart-
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ment, duplex apartment, etc. The house area range from 85-
240 square meters, and the 120 square meters house area is
the majority house type. The project used its own fund to pay
off the land cost and preliminary engineering costs. The pro-
ject started in October 2011. The completion and acceptance
date was around November 2012. The project started ad-
vanced sale in January 2013. The main economic and tech-
nical indicators are shown in Table 2:

Table 2. Main economic and technical indicators of project.
Items Unit Number
Site area mu 101.03
Total building area m 39770.62
Public building area m’ 4500
Residential floor area m 32174.9
Salable area m 1230
Households living household 1135
Green area m 2653.8
Basement m 6365.72

4.1. Uncertainties in Computer Simulation of Beta Dis-
tribution

The development cycle obeys Beta distribution and the
computer simulation process is described as follows:

(1) Information collection of development cycle

This paper invites five experts to estimate the develop-
ment cycle of project. The information collection data is
shown in Table 3:

Table 3. Information collection data.
Predicted value of experts
Types
1 2 3 4 5
b 30 35 31 28 30
m 33 35 36 32 37
a 35 38 39 34 42

(2) One-dimensional information diffusion

The samples _set of the most optimal estimation b is
i3o 32312830}, Its  diffusion  parameter is:
=0.8146 % (32 —28) = 3.2584 . The diffusion range is:

o =302+3x1.3266=34.1799
=30.2-3x%1.3266 = 26.2201
The diffusion step is:
A =min{30.2-29.3,31.5-30.2,1}
So, the weighted average of b after diffusion is 30.3627.

w

min

Wei and Yun

Similarly, we can get the diffusion function and parame-
ters of the most possible accurate estimation, and the
weighted average of the most pessimistic value o :
m=34.8017 and a =37.5323.

(3) Computer simulation of development cycle

According to the above derivation, we have r =3.2691
and s =4.5038 . First, we made simulation for 5 times, that
is, N,=5. For the given =095, §=0.01, we get
N =20000.

4.2. Cash Flow Prediction
(1) Sales estimation

The project started sales since January 2013. The experts
calculated the project annual estimation sales in 2013. Ac-
cording to experts’ estimation, sales of the project are simu-
lated for each month. Similarly, we can find what the other
month’s sales area simulation values in 2013 were. It is
known that monthly sales volume obeys Beta distribution,
and the total sale is equal to the sum of monthly sales. Based
on Lindeberg’s theorem, the total sale is found to obey nor-
mal distribution. By simulation, we know that the annual
sales area is 146,211 square meters under the probability of
0.9. The sales period of project is from 2013 to 2015, when
n=3. Similarly, we can estimate each year’s expectation,
standard deviation and sales area under probability of 0.9
during 2014 and 2015. According to the computation, we
can get the expectation of the project’s total sales, which is
344,050, and the standard deviation is 6930. The total sales
volume of the project is simulated and the results are shown
in Fig. (1).

The simulation shows a value of total sales expectation
during sales period to be 344085 m” . The simulation value
of standard deviation is 6918. Under the probability of 0.9,
the total sales area of the project is 352957 m*.

(2) Evaluation of cash inflow

For cash inflow, the times of simulation is 20000, so the
simulation results are given in Fig. (2). As is known from the
result, the cash inflow under the probability of 0.9 is
2458771684.

(3) Evaluation of cash outflow

As illustrated by the case of infrastructure investment and
construction, the total construction investment is estimated.
Based on the information about the expense of infrastructure
of the similar projects, we could compute the expected infra-
structure construction expense of unit area to be 206 yu-
an/ m*, and the standard deviation to be 5. For infrastructure
construction expense, the simulation results are shown in

Fig. (3).

Based on the results, we could deduce the expected total
infrastructure construction expense of the project to be
411795 yuan, and the standard variance to be 9996. Then,
the infrastructure construction expense under the probability
of 0.9 is 424589 yuan.

Similarly, we can get the expense of management, sales
cost, reserve cost when the probability is 90%. Besides con-
struction project installation cost, other cost such as: except
construction and installation costs, infrastructure costs,
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Fig. (1). Simulation graph of total sales.
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Fig. (2). Simulation graph of cash inflow.
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Fig. (3). Simulation graph of infrastructure construction expense.

management cost, reserve cost, sales cost, the sum of land
cost, preliminary engineering cost, public matching facilities
cost, financial cost, etc. incurred 696,110,194 yuan in this
project. Based on the computation result, the expectation of
management cost is 47.29 million yuan, and the standard
deviation is 210000 yuan; the expectation of reserve cost is
47.07 million yuan and the standard deviation is 230000 yu-
an; and the expectation of sales cost is 63.4 million yuan and
the standard deviation is 1.1 million yuan. For construction
investment, the simulation results are shown in Fig. (4).

From the simulation it is known that the construction in-
vestment under the probability of 0.9 is 1537974962 yuan.

q 21238

4.3. Comparison of Financial Evaluation Results

While making project financial evaluations, the differ-
ence between the improved method and traditional methods
has to be realized. The comparative analysis of evaluation
indicators is given in Table 4. It can be seen that, when de-
termining data on the basis of financial evaluation, the
scheme in this paper considers uncertainty factors influenc-
ing cash flow adequately. Namely, as we scientifically col-
lected the original data of uncertainty factors, improved in-
formation diffusion method was used to deal with the origi-
nal data of uncertainty factors. Then, these data were simu-
lated using computer simulation software. This new
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Fig. (4). Simulation graph of construction investment.
Table 4. Financial evaluation indicators comparison.
Prediction method
Evaluation indicators Traditional method Improved method
Pre-tax After-tax Pre-tax After-tax
FNPW 18.7961 million yuan 7.676 million yuan (20.522 + 0.548) million yuan | (8.57 + 0.672) million yuan
FIRR 30.02% 18.75% 31.11% £ 0.33% 19.33% £ 0.65%
P 3.3 years 3.65 years (3.27 £ 0.01) years (3.62 + 0.02) years
P 3.65 years 4.11 years (3.61 £0.01) years (4.12 £ 0.08) years

|

method overcomes the disadvantages of not considering the
effects of uncertainty factors and low precision of financial
evaluation caused by original data used in the traditional
financial evaluation. It improves the reliability of financial
evaluation results effectively, and provides scientific basis of
a decision for the investment decision-makers.

CONCLUSION

The uncertain factors of cash inflow and cash outflow in-
fluencing the real estate projects are, important factors which
influence the accuracy of financial estimation in such pro-
jects. This paper analyzed and simulated the uncertain fac-
tors influencing cash flow to obtain data based on the finan-
cial evaluation, to obtain a more scientific and objective fi-
nancial evaluation results. In the case study, this paper re-
spectively performs financial evaluation of actual projects
based on both the traditional financial evaluation method and
the improved method with uncertain factors simulation. The
results show that our new method is more scientific and ac-
curate than traditional methods in determining the basis data.
Therefore, we can get more reliable financial evaluation re-
sults, which can provide a reliable and scientific basis of a
decision for decision-makers of real estate projects.
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