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One Natural Gas Production Prediction Grey Model
Based on Exponential Smoothing
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Abstract : In order to improve forecasting ability of grey model in prediction of natural gas production, one improved grey model is put for-
ward in this paper, which is based on exponential smoothing method and improved calculating method of background value. Exponential
smoothing method is used firstly not only makes full use of the available information but also diminishes the randomness of data. Then the
calculating method of background value of grey model is improved to transform the calculated production data to be a regular exponential

variety sequential. Experiments show the improved grey model has more reliable forecasting ability.
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1 Introduction

More precise prediction of natural gas production is
important for the scientific exploitation plan made out and
implemented. Grey theory suggested that development
disciplinarian of thing could be described faintly through
grey prediction model with incomplete information'!!,
which could describe a system development direction in
certain time in case of small sample data, so some predic-
tion methods for natural gas or oil production based on
grey model has been proposed[Z%]. Meanwhile its appli-
cation examples results show there is imprecise prediction
problem for the grey model because small sample data can
not give complete prediction information. Based on grey

model theory combines with the exponential smoothing
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method, improved combination grey model is put forward
in this paper to solve the imprecise problem. Firstly, ex-
ponential smoothing method is used to optimize sample
data, which not only makes the most of the information
of sample data but also reduces its random. Then the cal-
culation of grey model background value is improved, and
original surveying data can be transformed to sequence of
regular exponential variety. The combination grey model
has more precise prediction of natural gas production is

proved by experiments.

2 GM(1,1) Method

GM(1,1) is one of the basic model in the theory of
grey prediction , in which Accumulated Generating Oper-
ation (AGO) is very important data processing method.
Random sequence of nonnegative can be transformed to
increasing sequence through the AGO to reduce random
and seek to change trend of the sample data. GM(1,1)



.- 244 - HBEEARSRRE

520 4%

modeling method as follows:

Given original sample sequence; X© = {z©@(1),
2®2),,29(xn)}. It can be transformed to new
sequence: X'V = {zM(1),zM(2),-,2P(x)} by
using formula (1), which is

20() = DO, = 1.2,0m) (D)

Background value is calculated :
2P0() = V() + (1 -8V +1),(r =1,
25"'9" - 1) (2)

The 6 parameter of formula (2) is considered
coefficients, and 0 < 8 < 1.

Grey differential equation:

20(t) + azM(2) = b (3)

“Differential equation;

___d_t__. + ax(l) =} (4)

Letbe A = (a,b)7

=" Z02) - M (3) - z(1)(,1)-|T
- 1 1 vos 1

Y = [290Q2) 29@2) - 29@)]T (5)

From least square principle, the least — squares
solution of formula (4) is

A= (BB)'BY (6)

The grey prediction model of XVis established
through the two parameters of a and b are figured out:

X0 +1) = (21 —aﬁ)e(““” + f,(t =1,

2""971“1) (7)
The grey prediction model of X is established
accordingly :

XO>) = XDy - X0 - 1) = (1 -
VW) - ), (1 = 1,2, - 1) (8)

3 Grey Model Improved Based on Exponen-

tial Smoothing Method
3.1 Exponential Smoothing Method

Research shows that the mathematical expectation of
natural gas production data varies with time in certain pe-
riod because of a series of unpredictable factor such as ex-
ploitation technology progress, which has significant time
series feature.

Linear Exponential Smoothing Model:

S(t) = ko(2)+ (1 - E)S(t -1);(0<C k<)

(9)

S(t) is prediction value, (¢ )is sample data, and %
is smoothness index determines prediction accuracy of
formula (9). The value of £ is 0.05 to 0.45 when
sample data shows irregular change but presents gentle
trend, otherwise the value of £ is 0.55 t0 0.9 when sam-
ple data presents larger fluctuation.

Exponential smoothing method is used not only
makes the most of the information of sample data but also
reduces its random, so that sample data optimized by ex-
ponential smoothing method is propitious to grey model
application.

3.2 Improved Grey Model

The calculating method of background valve of grey
model is key factor effects prediction accoracy, which is
revealed by both Tan Guanjun and Zhang Yil’ ™). Then
the calculating method of grey model background value is
improved in this paper from this point of view, the real-
ization steps of calculating method of GM (1, 1) back-
ground value as follows:

Step1: 2V(2) = 6V () + (1 - ) x'V(z + 1),
(t =1,2,-,n — 1), the background value sequence of
XV W = {2001),20(2), -, 2P(n)}:0 is 0.5
for the first calculation.

Step 2: The parameter a and parameter b of grey
differential equation are figured out according to the
formula (6).

Step 3: Adjustment value of @ can be calculated!™®)

by § = —(11- -2 1_ 1 which is denoted as 8(k + 1).

Step 4: If comparison value of (k) and 6(k + 1)
more than given threshold value e, then the value of
8(%) is replaced by the value of 8(k + 1),the iterative
calculation of (% + 1) is carried out from Step 1; else
the output of a and b are figured out.

The improved calculating method of background val-
ue is important for GM(1,1) has more prediction accura-
cy.

3.3 Exponential Smoothing Improve Grey Model

An improved grey model based on exponential
smoothing method is proposed from combination points of
chapter 3.1 and chapter 3.2. i

The original sequence: Y@ = {3'9(1),,(2),
-+, y@(x)}, which is transformed into smooth sequence
according to formula (9): X© = {z®(1),z(2),-,

29(x)}, then the sequence of X(® is transformed into
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new sequence of XV by using AGO. The parameters of

a and b are calculated according to the steps illustrated in

chapter 3.2, then XV (2 +1) = (z9(1) —”g)e('“‘)+-

ag,(z =1,2,,n - 1),at last XD(¢) = XW(¢) -

XN -1) = (1- &) =O(1) - L)t (1 =12,
e m = 1).

The evaluation of improved grey model’s accuracy
by using ¢ test method or another test method explained in

1 reference.

4 Experiments

The accuracy of improved grey model is compared
with which of primary grey model through experiments on
production data of one natural gas field of Liache Compa-
ny. After differently application of GM(1,1) and im-
proved grey model based on exponential smoothing
method (I GM (1, 1)) calculated the production data
from 1995 to 2001 of the company, the comparison re-
sults as table 1 and chart 1, the smoothness index of & is
0.652 because sample data presents larger fluctuation.

Table 1 Comparison Prediction Result of
I_GM(1,1)and GM(1,1)(Units:10*m*)

Production Data GM(1,1) 1_GM(1,1)
Year{ Production | Prediction E}::c::zl;:) Prediction Eiii?;:)
1995 99.60
1996 149.91 134.03 | 10.59% 138.52 7.60%
1997; 193.23 163.64 | 15.31% 189.74 1.81%
1998) 205.20 185.62 9.54% 208.31 1.52%
1999 255.64 219.27 | 14.23% 253.26 0.93%
2000| 304.83 274.19 | 10.05% | 307.03 0.72%
2001| 333.62 304.28 8.79% 314.95 5.59%
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Chart 1 Comparison Prediction Result of
1_GM(1,1) and GM(1,1)

According to evaluation of improved grey model’ s

accuracy method explained in preference paper 1, the pre-

diction results of GM(1,1) and I_GM(1,1) both are ac-
ceptable, but the 1. GM(1,1) has more accuracy than
GM(1, 1) because the calculating method of grey model
background value is improved, besides exponential
smoothing method is used to optimize sample data not on-
ly makes the most of the information of sample data but

also reduces its random.

5 Conclusion

The grey model is one of available method used to
predict natural gas production, which is suitable for pre-
diction output of natural gas in short period. There is im-
precise prediction problem for the grey model because
small sample data can not give complete prediction infor-
mation"' "%} An improved grey model is proposed from
combination points of exponential smoothing method and
primary grey model, in which exponential smoothing
method is used to optimize sample data not only makes the
most of the information of sample data but also reduces
sample data’s random, besides the calculating method of
grey model background value is improved to transform the
calculated production data to be a regular exponential vari-
ety sequential. Experiments result shows that improved
grey model by exponential smoothing not only has a more
reliable forecasting ability, but also is suitable for predic-

tion even if sample data presents larger fluctuation.
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