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Abstract 

It is a key link in the expansion of natural gas business to sell independent products in oil and gas 

high and medium-sized oilfields to transform the advantages of oilfield resources into benefits 

How to effectively predict the demand of oil and gas products market is very important to 

improve the oilfield management mechanism and marketing ability In view of the fuzzy market of 

self-sold products at present, grey prediction can be used from the perspective of data refinement 

Because the classical GM (1, 1) model is not enough in forecasting accuracy, this paper 

optimizes the background value and initial conditions that affect the forecasting effect of the 

model to improve the accuracy of GM (1, 1) model, and establishes a forecasting model for 

market demand of self-sold products Based on the statistical data of oilfield market demand in 

recent years, the market demand in the future from 2023 to 2026 is predicted The forecast results 

show that the market demand is on the rise, and the market demand of self-sold products will 

have a strong growth state in the future The model achieves the expected goal on the actual 

market demand data, and has the advantages of simple modeling and strong self-adaptability in 

application, which provides certain reference value for oilfield to implement independent product 

sales plan. 

Keywords: market demand, Sell products independently, GM (1, 1) model, Background value, 

Initial condition. 

1. INTRODUCTION 
Today, with the continuous and in-depth implementation of 

the new national energy security green and low-carbon 

strategy, promoting the natural gas business to accelerate the 

transformation of resource advantages into benefit advantages 

and carrying out market-oriented reform is an important 

content of oilfield "oil" reform With the oil field vigorously 

promoting the original exploration technology with important 

influence in China, the output of scattered natural gas and 

light hydrocarbons is gradually becoming more intelligent and 

mature, and the original single customer direct sales can no 

longer meet the market-oriented operation mechanism, and it 

is necessary to build a new diversified modern market pattern. 

At present, the self-sold products lack competition and are not 

suitable for the market-oriented operation of "oil". It is 

necessary to grasp the marketing policy of "market-oriented, 

customer-oriented, sales-fixed production, production 

promotion, integration, cooperation, competition and win-

win" more accurately, and improve the production and 

operation efficiency. The oilfield should effectively promote 

the improvement of the operating mechanism and enhance the 

marketing ability of oil and gas products to inject strong 

power into the promotion of high The market uncertainty of 

self-selling products is more, accurately grasping the market 

vacancy and improving the economic benefit is the focus of 

oilfield attention. Based on the present situation of self-selling 

products in oilfield, studying the market demand of self-

selling products in oilfield can have certain reference value for 

oilfield to plan self-selling products, realize economic benefit, 

promote oilfield market reform, and realize high benefit. 

It is very necessary for scholars at home and abroad to pay 

close attention to the study of market demand for selling 

products and correctly estimate the market demand If the 

estimated demand decreases, the business will be lost, but if 

the estimated demand is high, the working capital will be 

prevented until the market sells excess production At present, 

the research models for market demand forecasting include 

time series model, regression model, neural network model 

and grey forecasting model However, the market situation of 

self-selling products is more complex, and the clear 

influencing factors are mostly qualitative factors, which are 

difficult to judge quantitatively. GM (1, 1) model, as a 

classical grey prediction model, can transform the complex 

influencing factors into grey system, and use the form of 
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equation to concretize and apply widely put forward a new 

seasonal grey model with dynamic seasonal factors through 

Matlab programming (Wang Z et al., 2020). The results can 

effectively identify the dynamic changes of seasonal factors 

and significantly improve the prediction accuracy forecasts 

the energy demand by GM (1, 1) model (Hu Y C, 2020), and 

predicts the specific energy demand for a period of time in the 

future used the grey model GM (1, 1) to construct different 

levels of birth defect incidence prediction models and evaluate 

the prediction models (Peng Z R et al., 2022). Based on the 

basic principle of weakening buffer operator and linear 

transformation, GM (1, 1) model is improved. The accuracy 

of GM (1, 1) model is compared with that of GM (1, 1) model 

by means of mean square error ratio small probability error 

and average relative error used the improved GM (1, 1) model 

to predict the population of Xinjiang (Hou R H et al., 2021). 

The results show that compared with the classical GM (1, 1) 

model, the improved model is more accurate and more stable 

in population prediction(Zhang A L et al., 2020), which is 

more suitable for medium population prediction constructed 

GM (1, 1) model to predict the fluctuation of real estate price 

based on the average annual house price data of Baotou City 

from 2015 to 2019, and then made short-term statistical 

prediction on the change trend of real estate price in Baotou 

City in the next three years. The price simulated by this model 

has a high degree of fitting with the real price, and the 

prediction effect of the model is good also verified the 

reliability of grey model GM (1, 1) in pine growth prediction 

(Jiao Y Q et al., 2020). This mathematical model has a good 

application prospect in tree stochastic growth prediction. Bao 

Xu et al. optimized GM (1, 1) model, which can significantly 

improve the prediction accuracy (Bao X et al., 2020). 

This paper selects the market demand data of self-selling 

products in recent years as the initial value, makes full use of 

the basic data, and makes comprehensive optimization based 

on background value and initial conditions when using GM 

(1, 1) model to enhance the anti-random interference ability of 

the model (Zheng X P et al., 2021). Finally, it accurately 

predicts the market demand of self-selling products in the next 

few years by using the model. 

2. Establishment of improved GM (1, 

1) model 
2.1 Construction of basic GM (1, 1) model 

Determine the original sequence according to the demand 

situation of the oil field self-sold product market in recent 

years;  

     {                         }                    （1） 

        indicates that the annual market demand is non-

negative; 

Then, a new sequence is generated by accumulating on the 

basis of the original 

sequence:     {                         } 

Where         {∑        |         
   }， the main 

purpose of generating accumulation sequence is to transform 

unordered data into ordered data and make it more stable The 

first-order whitening differential equation is generated by 

modeling the new sequence:   

 
     

  
         

Where   and   are undetermined coefficients   is grey 

number   is endogenous control grey number. 

On this basis, the grey differential equation corresponding to 

the whitening differential equation is generated in order to 

introduce the optimization of background value The grey 

differential equation is: 
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value calculation formula is: 
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The grey prediction time response function is obtained by 

solving the dynamic model of the original first-order 

differential equation: ̂         [        
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2.2 GM (1, 1) model optimization 

The purpose of integrating the original dynamic model of 

first-order differential equation 
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the basic principle of accumulation sequence, we can see that 
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Comparing with the grey differential equation         

           , we can see that         ∫      

   
  。And 

        is an increasing function. According to the mean 

value theorem of integral,           ∫      

   
   

       。If          is introduced, then there is a value 

of ∫      

   
                        . 



Global Scientific and Academic Research Journal of Economics, Business and Management ISSN: 2583-5645 (Online) 

*Corresponding Author: Ronghua He                       .                                          © Copyright 2024 GSAR Publishers All Rights Reserved 

                  This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.  Page 102 

The estimated value of the undetermined coefficient 

  ，  ，  obtained by optimization based on the background 

value is (Xu N et al., 2015):

{
 

 
          

   
         

 

  
 

       
 

 

 

 

Where a，b is   [  ]  in GM (1, 1) model is obtained 

by least square method. 

In the initial condition, the original GM (1, 1) model generates 

the accumulation sequence by taking the first data in the 

original sequence as the initial condition, but this condition is 

not the latest information of the accumulation sequence, so 

now we want to update it by optimization to realize "new 

information first" (Xiong P P et al., 2015).The original 

 ̂               is modified and converted to  ̂       

         , where   is the correction factor, and the function 

of the original model can be written as: ̂         

[ ̂          ̂      ]        
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Considering that there are multiple criteria for the correction 

term, the minimum criteria and mean square error are used to 

calculate the boundary value correction term from the original 

sequence and the new sequence generated by accumulation 

(Zhang B et al., 2013). 

The error of the new predicted value of the original sequence 

is the smallest in the sense of least squares, and the correction 

coefficient is as follows: 
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The error of the new predicted value of the accumulated 

generated sequence is the smallest in the sense of least 

squares, and the correction coefficient is as follows:     

 [        
  

  ]  
  

       

Where   ∑         
        ；  

        

       ；  
       

      . 

In practical application, we can calculate the results according 

to two criteria respectively, and then choose the better one. In 

this paper, we consider the use of data and the selection of 

correction coefficient  , and use the prediction of cumulative 

generation sequence to estimate. 

2.3 Optimized GM (1, 1) model prediction steps 

The basic flow of GM (1, 1) model for comprehensive 

optimization is as follows. 

Step 1: Original Sequence      

Step 2: A new sequence      is generated by superimposing 

the original sequence once 

Step 3: Using model formula to find grey number   and 

endogenous control grey number   

(Background Value Optimization) 

Step 4: Generate a new grey number    and endogenously 

control the grey number    

(Initial Condition Optimization) 

Step 5: Generate correction factor   

Step 6: Bring in the new function model evaluation 

2.4 Model Accuracy Test 

The GM (1, 1) model accuracy test should first be carried out 

according to the grey number   value to predict the feasibility 

of the data and the applicable scenario (prediction time span), 

and then through the residual error test to judge the accuracy 

of the model accuracy synthetically According to the value of 

grey number  , the feasibility of forecasting data and the 

specific applicable scope of applicable scenarios are shown in 

Table 1. 

Table 1 Scope of application of GM (1, 1) model 

Grey number Applicable scope of GM (1, 1) 

model 

| |    The model is meaningless 

       Can be used for medium 

prediction 

           Prediction should be used with 

caution in short-term prediction 

           Short-term forecasting is very 

cautious 

         GM (1, 1) model should be 

modified by residual value 

     GM (1, 1) model is not suitable for 

prediction 

The correlation of residual test mainly wants to judge the 

validity of the model. The basic formula of the relative error is 

     
    

       
      where              

 ̂                     . The error between the predicted 

value and the true value of the model is used as the main data. 

On this basis, the average relative error is 
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After residual test, the specific steps for calculating mean 

square error ratio Z and small error probability P are as 

follows:  

(1) Calculate the mean and mean square error of the original 

sequence:   √
∑ [            ]  

   

 
 

(2) Calculate the mean error and mean square error of the 

absolute error sequence     :   √∑ [      
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(3) Calculate the mean square error ratio:  
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(4) Calculate the probability of small error:    |        

 ̄   |                     

By calculating the average relative error    mean square error 

ratio Z, small error probability P, the residual test is carried 

out to judge whether the model is reasonable or not. 

According to the obtained value, refer to Table 2 to judge the 

accuracy of the model. 

Table 2 Reference table of GM (1, 1) model accuracy inspection grade 

Model accuracy grade Average relative error （  ） Mean square error ratio Z Small error probability P 

Level 1 (excellent)                       

Level 2 (good)                                      

Level 3 (qualified)                                      

Level 4 (barely)                                      

Unqualified                       

3. Examples 

Products independently sold by oilfield include scattered gas, light hydrocarbon, and condensate oil According to classification 

statistics, including city gas, chemical fertilizer, LNG plant, CNG, petroleum refining, glass ceramic metallurgy, power generation, and 

distributed energy, etc. Through investigation, the energy demand around the oil field sales in a certain area of China is shown in Table 

3 below. 

Table 3 Demand of oil and gas by-products from 2018 to 2022 

Year 2018 2019 2020 2021 2022 

Scattered gas demand 22.84 24.13 24.88 25.7 27.65 

Light hydrocarbon demand 33.55 35.7 37.44 37.19 42.55 

Condensate oil demand 59.46 60.73 62.48 64.19 67.53 

According to the basic flow of GM (1, 1) model, the original 

sequence is as 

follows:{

  
   

                               

  
   

                               

  
   

                                

 

Then, a new sequence is generated by accumulating on the 

basis of the original 

sequence:
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According to the whitening differential equation 
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number   is obtained by least square method. 
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According to the original data, the optimized grey GM (1, 1) 

forecasting model is used to forecast the market demand of 

self-sold products in oilfield and test the accuracy. The test 

results show that the prediction model of oil and gas by-

products with    less than 0.3 is effective and suitable for the 

forecast scenario; In the post-residual test, the mean square 

error ratio is small, and the calculation results of error 

probability are all of the first-order prediction accuracy is 

higher. Compared with GM (1, 1) model, the GM (1, 1) model 

optimized by GM (1, 1) model is used to forecast the demand 

quantity according to the original data. The forecast results of 

the two different models are shown in Table 4.  

Table 4 Comparison of model prediction results 

Year GM (1, 1) model of Optimized GM (1, 1) model 

Forecast result Relative error Forecast result Relative error 
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Scattered gas (unit: 100 million cubic meters) 

2017 22.84 0 22.84 0 

2018 23.88 0.009 24.09 0.002 

2019 24.98 0.004 25.01 0.005 

2020 26.13 0.017 25.81 0.004 

2021 27.33 0.011 27.55 0.003 

Light hydrocarbons (unit: 10,000 tons) 

2017 33.55 0 33.55 0 

2018 35.16 0.015 35.46 0.006 

2019 37.12 0.008 37.5 0.002 

2020 39.18 0.053 38.16 0.030 

2021 41.36 0.028 42.65 0.002 

Condensate oil (unit: 10,000 tons) 

2017 59.46 0 59.46 0 

2018 60.43 0.005 60.86 0.002 

2019 62.57 0.002 62.31 0.003 

2020 64.79 0.009 64.7 0.008 

2021 67.09 0.006 67.23 0.004 

Table 4 shows that the optimized GM (1, 1) model has higher 

prediction accuracy and smaller average relative error; The 

prediction accuracy of the improved model is significantly 

higher than that of GM (1, 1) model, and the prediction results 

are obviously affected by data fluctuations. The stability of 

this model is poor when it is used in medium prediction, but 

the prediction accuracy is improved when it is optimized by 

background value and original conditions, and the prediction 

results are relatively stable and suitable for medium 

prediction. Therefore, the optimized GM (1, 1) model is used 

to predict the market demand of self-sold products from 2023 

to 2026, which is shown in Table 5. 

Table 5 Forecast results of market demand for self-sold 

products 

Year 2023 2024 2025 2026 

Scattered gas 28.07 29.2 30.49 31.67 

Light 

hydrocarbon 

43.61 45.36 65.32 68.05 

Condensate oil 69.37 72.36 75.46 78.52 

4. Conclusion 
(1) For oilfields, understanding the market demand of self-

sold products is a key link to realize high efficiency by sales-

fixed production-production promotion In this paper, an 

improved GM (1, 1) model is established for the complexity 

of market information of self-selling products. The model can 

forecast the market demand of self-selling products by 

optimizing the background value and initial conditions. 

(2) The optimized GM (1, 1) model inherits the advantages of 

GM (1, 1) model and optimizes the background value, and 

corrects the information effectively to ensure that the average 

relative error of optimized GM (1, 1) model is smaller than 

that of GM (1, 1) model. 

(3) As a new business scope of oilfield, the market of self-

selling products is complex and unfamiliar. This paper uses 

the optimized GM (1, 1) model to achieve smaller prediction 

error, which is an effective attempt for oilfield to predict the 

product market and provides a feasible prediction for the 

medium prediction of product demand quantity. It has 

practical value. 

References 
1. Wang Z X, Wang Z W, Li Q. Forecasting the 

industrial solar energy consumption using a novel 

seasonal GM(1,1) model with dynamic seasonal 

adjustment factors[J]. Energy,2020,200(prepublish). 

2. Hu Y C. Energy demand forecasting using a novel 

remnant GM(1,1) model[J]. Soft 

Computing,2020(pre-publish). 

3. Peng Z R, Wei J, Huang X N, et al. Application of 

grey model GM (1, 1) in prediction of birth defects 

in Guangxi [J]. Journal of Practical Medicine, 2022, 

38 (11): 1378-1384. 

4. Hou R H, Xu X Y. Forecast of medium population 

based on improved GM (1, 1) model [J]. Statistics 

and Decision, 2021, 37 (01): 186-188. 

doi:10.13546/j.cnki.tjyjc.2021.01.040. 



Global Scientific and Academic Research Journal of Economics, Business and Management ISSN: 2583-5645 (Online) 

*Corresponding Author: Ronghua He                       .                                          © Copyright 2024 GSAR Publishers All Rights Reserved 

                  This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.  Page 105 

5. Zhang A L, Bai L N. Prediction of real estate price 

in Baotou city based on GM (1, 1) model [J]. 

Construction Economy, 2020, 41 (S2): 266-2. 

doi:10.14181/j.cnki.1002-851x.2020S2266. 

6. Jiao Y Q, Feng J, Yang L L, et al. Grey model GM 

(1, 1) for prediction of pine growth [J]. Practice and 

Understanding of Mathematics, 2020, 50 (21): 83-

88. 

7. Bao X, Zhang S H, Chen J W, et al. GM (1, 1) 

model based on intelligent function combinatorial 

optimization [J]. Statistics and Decision, 2020, 36 

(10): 45-50. doi:10.13546/j.cnki.tjyjc.2020.10.009. 

8. Zheng X P, Wang D G, Shui Q X. GM (1, 1) 

prediction model based on comprehensive 

optimization of background value and initial 

conditions [J]. Statistics and Decision Making, 

2021, 37 (09): 25-28. 

doi:10.13546/j.cnki.tjyjc.2021.09.005. 

9. Xu N, Dang Y G, Ding S. Background value 

optimization of GM (1, 1) model based on error 

minimization [J]. Control and Decision, 2015, 30 

(02): 283-288. doi:10.13195/j.kzyjc.2013.1808. 

10. [Xiong P P, Dang Y G, Yao T X. An unequal 

spacing GM (1, 1) modeling based on initial 

condition optimization [J]. Control and Decision, 

2015, 30 (11): 2097-2102. 

doi:10.13195/j.kzyjc.2014.0604. 

11. Zhang B, Xi G Q. Optimization of GM (1, 1) model 

based on background value and boundary value 

modification [J]. Theory and Practice of System 

Engineering, 2013, 33 (03): 682-688. 

 

  

 

 

 

 

 

 

 

 

 


