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Bayesian Analysis of Small Multi-frequency Investment of Agricul-

tural Products

Fengying WANG *
School of Information, Beijing Wuzi University, Beijing 101149, China

Abstract The risk decision of small multi-frequency investment mode of agricultural products is studied based on Bayesian method. This

method can take advantage of new market information reasonably, analyze the posterior risk and quantify the decision risk. It provides a scien-

tific way for the risk decision of agricultural enterprises and is advantageous to enhancing the benefit of project.
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1 Introduction

The price of agricultural products is affected by climate, produc-
tion, quality, transportation, delivery, demand, storage duration,
season and many other factors, which causes most enterprises to
adopt the small multi-frequency ordering pattern for agricultural
products, and usually they do not place a large order. In this or-
dering pattern, the investment enterprises are often faced with
many uncertainties, bringing a great risk to enterprises’ invest-
ment. To ensure the maximum returns to investors, it is necessary
to develop a scientific and rational scientific and decision. The
correctness of decisions is directly related to expected returns after
making decision, so it needs a scientific approach to provide a less
risky solution for investment decision. Generally, in order to im-
prove the accuracy of decisions, there is a need to conduct rele-
vant sampling experiments before making decisions, and the deci-
sion-makers first understand various factors that influence the de-
cision and then make decisions based on the information provided
by sampling results. Bayesian approach is very useful to solve sim-
ilar risk decision problems. In Bayesian decision, the decision
variables are usually composed of discrete and continuous varia-
bles. Taking discrete decision variables for example, this paper
uses mature Bayesian decision theory to discuss the optimal deci-
sion for the small multi-frequency investment pattern of agricultur-
al products, in order to provide a reference for the investment de-

cision of agricultural enterprises.

2 Basic theory
2.1 Bayesian decision Bayesian decision theory is a theory
about how to make a choice under risk conditions or in the face of

uncertainty!' ). A prior probability distribution, often simply
called the prior, of an uncertain quantity is the probability distri-

bution that would express one’s beliefs about this quantity before
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some evidence is taken into account. For example, the prior could
be the probability distribution representing the relative proportions
of voters who will vote for a particular politician in a future elec-
tion. The unknown quantity may be a parameter of the model or a
latent variable rather than an observable variable. Bayes’ theorem
calculates the renormalized pointwise product of the prior and the
likelihood function, to produce the posterior probability distribu-
tion, which is the conditional distribution of the uncertain quantity
given the data. Bayesian decision is the risk decision, and al-
though decision-makers can not control the changes of objective fac-
tors, they can grasp the possible states of changes and probability
distribution of each state. In general, an investment activity may
face multiple natural states 6, ,6,,-:-,6,, and decision-makers can
estimate the possibility of each state based on previous investment
statistics, namely priori probability P(6,),P(6,),-,P(8,).
There are many action programs to be taken by decision-makers;
a,,a,,",a, , denoted as action set A = {a, ,a,, " ,a, .
1

2.2 Payoff matrix and loss matrix”’  For each decision

scheme @, and each state ;, a payoff is calculated, denoted as v,
thereby forming m-row and n-column matrix V= (v;) , called pay-
off matrix of risk decision. When state 6; changes, since decision
a; is chosen, the maximum benefit may not be obtained. The
difference between benefit from decision a, and the possible maxi-
mum benefit is just the opportunity loss, denoted as [; = max v,; -
v;, thereby forming m-row and n-column matrix L = ([;), called
loss matrix of risk decision.
2.3  Decision function In the given Bayesian problem, a
map 8(x) from the sample space X = {x, ,x,,-**,x, | to the action
set A = {a,,a,,,a,} is called a decision function of this prob-
lem.

2.4 EVPI (Expected Value of Perfect Information) ™ The
evaluation standard of Bayesian decision is the maximum expected
return principle, or the minimum expected loss principle. In gen-
eral, the minimum expected loss principle is equivalent to the
maximum expected return principle. And there is:

=p(6)0, + Sp(0)1, = Sp(6)) (max,) (1)

Under the condition of obtaining complete information, the
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greatest expected return is ; p(6,) (mAax v, ). By formula (1),
compared with the maximum expected return of having not ob-
tained this information, the difference between the two is precisely
the minimum expected loss.
Sp(6)) (maxsy) —max] Tp(6)v,] =minSp(0)l, (2)
Formula (2) is defined as EVPI.

3 Research methods

In the Bayesian decision, the priori analysis is generally conducted
and then the sampling is done to increase the amount of informa-
tion. According to the new information, the probability is correc-
ted for posteriori analysis. Posteriori analysis is the main method
for Bayesian decision to perform statistical analysis.

3.1 Priori analysis Firstly, the probability P(8,),P(6,),
«++,P(8,) of the natural state (0,),(6,),-:+,(0,) is estimated,
and the action set A = {a,,a,,**,a, | that can be used by deci-
sion-makers is determined. The payoff matrix V = (v;) and loss
matrix L = (/;) are calculated. In accordance with the minimum
expected loss principle, the priori expected loss of various action

plans is calculated:
E'(a)) = SP(6)1;,(i=1.2,,m) (3)
The corresponding optimal decision scheme is a,, E’(a,) =

mink’(a;) , and EVPI =E’(a,) .

3.2 Posteriori risk analysis

ij

If there is a decision function to
make it have the minimum posteriori risk among all decision-mak-
ing functions, this decision function is the optimal decision func-
tion under the posteriori risk criterion, namely the Bayesian deci-
sion function. The Bayesian decisions made according to posteriori
risk criteria consist of four parts: adding new information; revising
probability ; determining the optimal decision function; calculating
the additional information value.

3.2.1 Adding new information. Through s observations (or sur-
veys) of observable random variable X, a sample x = (x, ,x,,*,
x,) is obtained, and it is just the new information collected from
market activities. At the same time, by the data, the conditional
probability P(x/6) of different sample values in various natural

states is obtained (6 value: 6,,0,,+,0,;x value: x,, x,,-,

x,).

3.2.2 Revising probability. Based on the known priori probabil-

ity P(0) and conditional probability P(x/6), the Bayesian for-

mula is used to get the posteriori probability of § under given sam-

ple x:

P(O)P(x/6)
P(x)

where P(x) = S.P(6)P(+/6)) .

3.2.3 Determining the optimal decision function. Based on the

P(6/x) = (4)

posteriori revised probability obtained P(6/x), the posteriori ex-

pected loss of various action plans is calculated.

E”(a,) :;lv P(§/x),(i=1,2,,m) (5)

It is the posteriori risk. In any decision function §(x), if

there is decision function §,(x) to make it have the minimum pos-
teriori risk, then 8, (x) is the optimal decision function under the
posteriori risk criterion.
3.2.4 Calculating the additional information value. EVPI is de-
cision-makers’ expected loss or return when fully grasping the in-
formation, and it is based on priori probability. After obtaining
sample information, in the discussion on the basis of posteriori
probability, the posteriori EVPI can be obtained similarly. The
posteriori EVPI is still the random variable dependent on sample
x, and the marginal distribution of sample x is used to once again
calculate the mathematical expectation on posteriori EVPI to elimi-
nate the randomness and get the expected value of posteriori EV-
PI. Under normal circumstances, obtaining sample information
will increase decision-makers’ understanding of state §, and the
expected loss during the decision-making process will lower. The
amount of reduction is called EVSI (Expected Value of Sampling
Information) ;

EVSI = Priori EVPI - Expected value of posteriori EVPL.

EVSI value is the return brought to decision-makers after ob-
taining the sample information, and it is the value of new supple-
mentary information. It should be noted that the supplementary in-
formation is often uncertain, so such information is incomplete,
and it is also known as sampling information. Compared with com-
plete information, the supplemental information value is not grea-

ter than the complete information value.

4 Empirical analysis
One agricultural enterprise wants to add an investment project re-
lated to green organic agricultural products. Market experience
shows that the probability of investment failures in one hundred in-
vestment activities per year (@) is shown in Table 1. For every
failure, it is assumed that the company has to pay an average loss
of 4000 yuan. For carrying on the project, the annual fixed cost is
100000 yuan. In every investment activity of this company, it will
generate profit of 350 yuan, and it can make investment 1000
times annually. The EVPI value is calculated. In addition, inves-
tors sample three investment activities from one hundred invest-
ment activities for survey, and decide whether to proceed with the
investment project according to the number of investment failures
(x), to find the optimal decision function and calculate EVSI.

4.1 Calculating EVPI

company is faced with the choice of two programs of action: a, do

Based on the actual situation, the

not increase the investment project; a,increase the investment pro-
ject. After calculation, it is easy to get the payoff matrix V = (v;)

and loss matrix L= (/) :

V:( 0 0 0 0 )
50000 10000 -30000 -70000)°
L:(SOOOO 10 000 0 0 )

0 0 30 000 70 000)°

The priori expected loss of @, and a, is as follows:

4
E’(a,) = SP(6,)1,; =50 000 0.3 +10 000 x 0. 4 +0 +0
=19 000;
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E'(a,) = iP(Gj)lzl. =0+0 +30 000 x0.2 +70 000 x0. 1
~13000.

Under the priori expectation criteria,a, is the best program of
action, so the EVPI =13000 yuan/year.
4.2 Adding new information
ment activities for survey, and the possible number of failures (x)
is0, 1, 2, 3, then x follows the binomial distribution and P(x/8)
0
100
8(x) from {0, 1,2,3} to { a,, a,} is a decision function.
4.3 Revising probability
P(0) in Table 1, we can calculate the marginal probability of x,

Investors sample three invest-

:P(X:x/@)zcg(%)t(l— ) ™*,x=0,1,2,3. Any map

According to priori probability

and the results are shown in Table 2. From the marginal probabili-
ty in Table 2 and formula (4), we can calculate the posteriori
probability P(6/x)under x =x,, as shown in Table 3.
4.4 Determining the optimal decision function According to
Table 3 and formula (5) , we calculate the posteriori expected loss
of each action program, and the results are shown in Table 4. Ac-
cording to the minimum expected loss principle, we develop the
best possible results for each possible sampling result x, to get the
optimal decision function;
a,,x=2,3

8 (x) = {a2 ,x=0,1
4.5 Calculating posteriori EVPI and EVSI From the poste-
riori expected loss results in Table 4, we can calculate posteriori
EVPI, namely the minimum posteriori expected loss under each x
value in Table 4; when x =0, posteriori EVPI =12406; when x =
1, posteriori EVPI = 15615; when x = 2, posteriori EVPI =
13875; when x =3, posteriori EVPI =14785. The expected value
of posteriori EVPI is obtained by calculating marginal probability
of x in Table 2 and posteriori EVPI expectation:

EVPI =12406 x 0. 8281863 + 15615 x 0. 1608711 + 13875 x
0.0106989 + 14785 x0.0002347 ~12938.5;

EVSI =13000 —12938.5 =61.5.

This suggests that the optimal decision function §,(x) made
based on the sampling result x will reduce losses 61.5 yuan com-
pared with the optimal action before sampling, and it is the gain

brought by sampling to decision-makers.

Table 1 The probability of failures in one hundred investment activities
per year (6)

P(9) 0.3 0.4 0.2 0.1

Table 2 Marginal probability of x

x 0 1 2 3
P(x) 0. 8281863

0. 1608711 0.0106989 0.0002347

Table 3 Posteriori probability under various x values

x 0 1 2 3

0, =5 0.3106 0.2524 0.1998 0.1539
0, =6 0.4012 0.3955 0.3795 0.3545
0, =7 0.1942 0.2258 0.2556 0.2815
0, =8 0.0940 0.1263 0. 1651 0.2101

Table 4 Posteriori expected loss of action programs under various x val-

ues
x 0 1 2 3
E" (a,) 19542 16575 13875 14785
E”( a,) 12406 15615 19225 23152

5 Conclusions

In market economy, many problems are difficult to completely ac-
curately predict, and the investors often make decisions in an un-
certain state. Investors always hope that their decision is more
convincing, the expected returns are higher, and expected losses
are lower. Bayesian method is an effective method to solve such
problem of decision making under risk. Through the discussion in
this paper, it can be found that the Bayesian method makes full
use of the general information, sample information, priori informa-
tion and loss function, to calculate the optimal decision function
and minimum posteriori expected loss, as well as the gain brought
by sampling to decision-makers, thereby making the whole deci-

sion-making process more convincing and scientific.
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