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Abstract: The seasonal imbalances and price premiums of natural gas imports (NGIs) 

seriously affect the sustainability of these imports in major Northeast Asian countries, 

namely, China, Japan, and South Korea. Research on NGI seasonality might provide new 

insights that may help solve these issues. Unfortunately, little research has been conducted 

on this topic. Therefore, this paper examined the seasonalities of Chinese, Japanese, and 

South Korean NGIs using the X-12-ARIMA model to analyze monthly and quarterly data. 

The results suggest that Chinese NGIs lacks identifiable monthly or quarterly seasonality, 

while South Korea and Japan exhibit clearly identifiable seasonality. In Japan, NGIs exceed 

their average levels in January, February, July, August, September, and December; that is, 

Japan imports more natural gas during the winter and summer. In South Korea, NGIs exceed 

their average levels in January, February, March and December. In other words, South 

Korea typically imports more natural gas during the winter. The seasonal differences in 

NGIs among these countries might be explained by differences in natural gas consumption 

characteristics, domestic natural gas production capacity, NGI capacity, price sensitivity, 

and means of transportation. Based on seasonal differences and their probable causes, some 

suggestions are provided to promote the sustainable development of NGI. 
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1. Introduction 

Demand for natural gas has increased significantly in Northeast Asia as a replacement for less 

environmentally friendly and less efficient fuels [1,2]. Due to the region’s limited production capacity, 

however, increasing amounts of natural gas have been imported from counties such as Qatar, Indonesia, 

Malaysia, Russia, and Australia. The major natural gas importers in Northeast Asia are China, Japan, and 

South Korea. Over the period 2008 to 2013, the NGIs (natural gas imports) of these three countries 

increased by 66.9 percent, 5.5 percent, and 8.8 percent annually, respectively, and reaching 51.9 billion 

cubic meters (bcm), 119 bcm, and 54.2 bcm, respectively. Together, these countries account for 

approximately 89 percent of total gas imports in Northeast Asia [3]. Japan and South Korea are reliant on 

LNG (liquefied natural gas) imports to meet their natural gas demand and are consequently the largest 

and second largest LNG importers in the world. China became the third largest LNG importer after 

surpassing Spain in 2013.  

As NGIs have increased, these countries have encountered two problems. The first is seasonal 

imbalances in NGIs. There is a large gap in NGI demand depending on the season, leading to either a 

shortage (in which demand exceeds supply) or an excess supply of gas. The second is a high premium on 

LNG prices. Because the international LNG market is regionally fragmented, significant price 

differences exist among the major basins. As depicted in Figure 1, prices in Northeast Asia have been 

considerably higher than those in North America or Europe have been since 2010 [4]. The reason why 

the Chinese, Japanese, South Korean, English and German LNG prices went up after 2010 is that Japan 

had to increase LNG import after the Fukushima incident to substitute the decreased electricity supply 

after shutting down all its nuclear power plants in 2011, which led to tight natural gas supply in the 

international market. However, the American and Canadian LNG prices continued to decrease, which is 

caused by the US shale gas revolution. 

 

Figure 1. Liquefied natural gas (LNG) prices in seven countries [3,5,6]. 
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Seasonality reflects the monthly or quarterly environmental differences in a variable due to factors, 

such as climate variations, agricultural arrangements, or social traditions [7]. Seasonality is predictable 

due to its recurring one-year pattern; therefore, it is possible for importers to manage the effects of NGI 

seasonality. Based on seasonal characteristics, importers can respond flexibly, create reasonable 

policies, and cooperate to obtain optimal NGI regulations, which would lower costs and ensure continuity. 

To date, little attention has been paid to energy seasonality. Sailor and Munoz [8] assessed the 

sensitivity of electricity and natural gas consumption to climate at regional scales in the USA.  

Mitchell et al. [9] analyzed the seasonalties of Australian petrol price behavior and the relationship 

between petrol prices and holidays, mood of consumers, and weather conditions. Wang and Wu [10] 

used X-12-ARIMA method to analyze seasonal fluctuation of Brent crude oil price and its movement 

discipline, in order to provide decision support for China’s oil import. Wang et al. [11] conducted a 

likely research on seasonal fluctuation of Dubai crude oil price and its movement discipline. Both found 

that seasonal factors have a significant impact on crude oil price. Filippin and Larsen [12] proved the 

existence of seasonality of residential natural gas consumption in Argentina, with a maximum value in 

the cold period July to August. Zhou and Dong [7] examined the potential seasonality of China’s 

monthly and quarterly crude oil import respectively based on X-12-ARIMA, finding that the seasonal 

factors tend to be positive in spring and summer quarters while negative in fall and winter quarters. 

Obviously, the above literature on seasonality has concentrated on the oil sector, including the 

seasonality of oil prices and oil imports. The seasonality of NGIs has received less academic attention 

and existing research is marked by a lack of systematic analysis. To the best of our knowledge, no study 

has yet examined on NGI seasonality in China, Japan, and South Korea. Thus, we analyze the seasonal 

characteristics of NGI in China, Japan, and South Korea using the X-12-ARIMA model, which is among 

the most widely used methods of seasonal adjustment. 

The seasonality of NGI mainly stems from the seasonality of natural gas consumption, which results 

from climate factors and energy use policy, as reported elsewhere (e.g., Zhou and Dong [7], Moosa [13], 

Sailor and Muioz [8], Wang and Wu [10], Wang et al.[11], Filippín and Larsen [12]). The seasonality of 

NGI is also affected by domestic natural gas production capacity, NGI capacity, price sensitivity, and 

means of transportation. As the temperature drops in winter, the demand for natural gas for heating 

increases in China, Japan, and South Korea; In China, natural gas is not used to supplement the peak 

power demand in summer and winter; In Japan, natural gas power supplements the peak load during both 

summer and winter, and the government supports the installation of gas air conditioning systems 

especially in summer; In South Korea, natural gas power is mainly used to supplement the peak power 

demand in winter. In general, in China and South Korea, natural gas used in winter may be higher than 

other seasons, and in Japan, natural gas consumption in both winter and summer is much higher. 

However, unlike Japan and South Korea, China has much higher domestic natural gas production 

capacity, lower NGI capacity, lower price sensitivity, and more imports by pipeline, which makes the 

NGI seasonality unclear in China. Therefore, the hypothesis of this paper is “seasonality sustains in the 

Japanese and Korean NGI markets, but doesn’t sustain in Chinese NGI markets”. 

The remainder of this paper proceeds as follows. Section 2 introduces the X-12-ARIMR model, and 

describes and pre-processes the data. Section 3 analyses the variations and reasons of NGI seasonality. 

Section 4 raises some discussions and Section 5 concludes the paper. 
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2. Methodology 

2.1. The X-12-ARIMA Method 

In this paper, the X-12-ARIMA method was used for testing the existence of seasonality for the 

Japanese, Korean, and Chinese NGI markets. Currently, the main seasonal adjustment methods used for 

estimating the seasonal component are X-12-ARIMA and TRAMO-SEATS. X-12-ARIMA belongs to 

the nonparametric seasonal adjustment methods. It allows the identification of the different components 

of the initial series (trend-cycle, seasonality, irregular) by applying linear filters, often called X-11-type 

filters, which cancels or preserves a well-defined component (tendency-cycle or seasonal variation). The 

irregular one is represented thereafter by the residual of the decomposition. It contains the regARIMA 

module, which allows dectecting and removing any undesirable effect of the series (outliers, calendar 

effects, etc.). 

TRAMO-SEATS program belongs to the parametric seasonal adjustment methods based on the signal 

extraction. It is composed of two independent subroutines: TRAMO program (Time series Regression with 

ARIMA noise, Missing observations and Outliers) and SEATS program (Signal Extraction ARIMA Time 

Series). The principle of TRAMO program is in fact to model the initial series using the univariate approach 

of Box and Jenkins via ARIMA or seasonal ARIMA models, while detecting, estimating and correcting 

as a preliminary the outliers, the missing values, the calendar effects as well as structural changes, likely 

to disturb the estimation of the model coefficients. SEATS program uses signal extraction with filters 

derived from an ARIMA-type time series model that describes the behavior of the series. 

When the data generating process (DGP) is not equivalent to the Airline model, X-12-ARIMA may 

produce better seasonal estimates for such series than TRAMO-SEATS, due to X-12-ARIMA’s 

nonparametric nature and its tendency to match the seasonal filter of any DGP to the order of the moving 

averages of SI differences or ratios [14]. Besides, X-12-ARIMA provides procedures to examine the 

time series’ trading day effects, holiday effects and some other calendar effects [15]. Therefore, we 

chose the X-12-ARIMA method. 

 

Figure 2. Flow diagram for seasonal adjustment with X-12-ARIMA [7]. 
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The X-12-ARIMA seasonal adjustment model is an enhanced version of the X-11 model. The 

enhancements of the model include a clearer and more typical user interface and a variety of new 

diagnostic features to help users detect and correct deficiencies that appear in seasonal and calendar 

effects adjustments [15]. The model also includes a variety of new tools to overcome adaptation 

problems in order to expand the time series to be adjusted [16]. As presented in Figure 2, a complete 

X-12-ARIMA programme process is divided into three stages. 

2.2. Series Stationarity 

The raw monthly data on Chinese net natural gas imports from January 2003 to December 2013 were 

collected from China Petroleum and Chemical Industry Association. Data for July and August 2003 

were missing and therefore replaced with the average for that year. Monthly Japanese and South Korean 

NGI data for the same period were collected from International Energy Agency (IEA). All quarterly 

series were derived from monthly data. As illustrated in Figures 3 and 4, NGIs in China, Japan, and 

South Korea display a trend of increasing volatility. South Korea, in particular, exhibits a marked 

seasonal pattern in which NGIs peaks during the winter and bottom out during the summer. 

 

Figure 3. Net monthly natural gas imports (NGIs) by country (January 2003–December 2012). 

 

Figure 4. Net quarterly natural gas imports (NGIs) by country (Spring 2003–Winter 2012). 
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To statistically evaluate the stationarity of these series, the Augmented Dickey–Fuller (ADF) unit 

root test with intercept is used to test a null hypothesis that an observable time series is not stationary. 

The null hypotheses of non-stationarity are not rejected with the ADF test for the levels of the series 

(Table 1), indicating that the series are not stationary. 

Table 1. Augmented Dickey–Fuller (ADF) test for the stationarity. 

Variable 
Log level 

First seasonal  
difference of log level 

Second seasonal  
difference of log level 

Critical value ADF value Critical value ADF value Critical value ADF value 

China 
Monthly −2.884 2.897 −2.886 ** −12.672 −2.889 ** −4.799 
Quarterly −2.943 −0.054 −2.964 0.732 −2.964 ** −3.370 

Japan 
Monthly −2.886 0.112 −2.889 ** −4.364 −2.889 ** −7.946 
Quarterly −2.943 −0.507 −2.948 ** −3.015 −2.960 ** −5.093 

Korea 
Monthly −2.886 0.470 −2.888 ** −11.738 −2.889 ** −9.831 
Quarterly −2.946 0.601 −2.954 ** −3.930 −2.968 ** −4.010 

** Denotes significance at 5% level. 

The original series are non-stationary and will therefore be transformed into stationary series by 

differencing processes prior to seasonal adjustment. Then, a (p, d, q) × (P, D, Q)s process for the original 

series is executed through the X-12-ARIMA’s regression function, where, p and P signify the order of 

the non-seasonal process and seasonal autocorrelation, respectively; q and Q signify the order of the 

non-seasonal and seasonal moving averages, respectively; and d and D signify the order of the 

non-seasonal and seasonal differences, respectively. The subscript “s” indicates the seasonal periodicity 

(i.e., for monthly data, s = 12 and for quarterly data s = 4). The method for determining P (p) and Q (q) 

was drawn from Box and Jenkins’ Time series analysis: forecast and control (Revised edition, Chapter 6, 

pp. 173–186) [17].  

The null hypothesis of non-stationarity is not rejected with the ADF test for the first difference of 

China’s quarterly series, but it is rejected for the second difference of the series (Table 1). However, the 

null hypotheses of non-stationarity are rejected for the first differences of other series. Therefore, the D 

value is 2 for China’s quarterly series, and 1 for other series. 

The autocorrelation function (ACF) and partial autocorrelation function (PACF) of the original series 

are presented in Figures A1–A6. The ACF and PACF of the first monthly differenced series for China, 

Japan, and South Korea resemble the (2, d, 0), (2, d, 0), and (2, d, 0) case non-seasonally and the (1, d, 0), 

(2, d, 0) and (1, d, 0) case seasonally, respectively. The ACF and PACF of the first quarterly differenced 

series for China resembles the (0, d, 1) case non-seasonally and the (1, d, 1) case seasonally. The ACF 

and PACF of the second quarterly differenced series for Japan and South Korea resemble the (1, d, 1) 

and (1, d, 1) case non-seasonally and the (2, d, 0) and (2, d, 0) case seasonally, respectively. 

The correlograms of the monthly series suggest that (p, d, q) × (P, D, Q)s equals (2, 1, 0) × (1, 1, 0)12 

for China, (2, 1, 0) × (2, 1, 0)12 for Japan, and (2, 1, 0) × (1, 1, 0)12 for South Korea. The correlograms of 

the quarterly series suggest that (p, d, q) × (P, D, Q)s equals (0, 1,1) × (2, 2, 0)4 for China, (1, 2, 1) ×  

(2, 1, 0)4 for Japan, and (1, 2, 1) × (2, 1, 0)4 for South Korea. These orders are also supported by the 

Akaike Information Criterion test. 
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2.3. Model Specification 

Because negative values were observed in both the monthly and quarterly Chinese series, only the 

“additive X-11” decomposition model is valid. The seasonal ingredients’ rangeabilities of the series of 

Japan and South Korea are not showing a significant positive correlation with the changes of the overall 

trends, which does not meet the basic assumptions of the multiplicative model, and thus the additive 

model was also selected for them. The ARIMA procedures for the monthly Chinese, Japanese, and South 

Korean series are (2, 1, 0) × (1, 1, 0)12, (2, 1, 0) × (2, 1, 0)12, and (2, 1, 0) × (1, 1, 0)12, respectively, while 

those for the quarterly series of are, (0, 1, 1) × (2, 2, 0)4, (1, 2, 1) × (2, 1, 0)4, and (1, 2, 1) × (2, 1, 0)4, 

respectively. Diagnostic tests include F-tests for seasonality and M and Q statistics for adjustment quality. 

At the end of a time series, seasonal adjustment leads to information loss for which an out-of-sample 

forecast in ARIMA model is usually employed [18]. To test the performance of the forecasts, the actual 

values were used as benchmarks and compared to the forecasted values. For China and Japan, the 

monthly forecasts outperform the quarterly forecasts in terms of the error ratio, whereas the opposite is 

true for South Korea (Table 2). The reason may be that the fluctuations of irregulars in China and Japan’s 

monthly series are smaller than that in their quarterly series, while the opposite is true for South Korea. 

Table 2. 2013 forecasted net natural gas import (NGI) by country. 

 

China Japan South Korea 

Forecast Actual Error Forecast Actual Error Forecast Actual Error 

Monthly          

January 3669 3870 5.2% 11,593 11,521 0.62% 4824 5886 18.04%
February 4049 3900 3.82% 10,794 10,534 2.47% 4345 5537 21.52%
March 4120 3650 12.86% 11,361 10,836 4.85% 4936 5356 7.84% 
April 4353 4370 0.4% 10,341 9869 4.78% 3150 4641 32.12%
May 4515 3880 16.36% 10,274 8989 14.3% 3021 3739 19.21%
June 4647 3820 21.65% 9607 9018 6.53% 2549 3828 33.41%
July 4805 3720 29.17% 10,845 10,380 4.48% 3032 3128 3.08% 
August 4599 4720 2.56% 11,037 10,148 8.76% 2835 4131 31.36%
September 4599 4560 0.86% 10,774 9217 16.89% 3306 3547 6.81% 
October 4787 4230 13.17% 10,190 10,552 3.43% 3681 3882 5.17% 
November 5083 4080 24.58% 10,075 10,105 0.3% 3188 4483 28.88%
December 5729 5390 6.28% 11,546 11,274 2.41% 5006 5602 10.64%
Total 54,953 50,190 9.49% 128,436 122,443 4.89% 43,873 53,760 18.39%

Quarterly 

Spring 13,445 11,900 12.98% 32,007 29,694 7.79% 13,315 13,736 3.06% 
Summer 16,162 12,260 31.83% 32,997 29,546 11.68% 10,835 11,087 2.28% 
Fall 17,509 12,870 36.05% 32,372 29,874 8.36% 13,865 11,912 16.4% 
Winter 19,658 —— —— 36,123 —— —— 18,109 —— —— 
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3. Empirical Results and Analysis 

3.1. The Variations of NGI Seasonality 

In the X-11 procedure, an input series is decomposed into three components, namely, the trend-circle, 

seasonal factors and irregulars. The decompositions are plotted in Figures 5 and 6. 

 

Figure 5. Additive components of the monthly series by country. 

 

Figure 6. Additive components of the quarterly series of China, Japan, and South Korea. 
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These figures clearly indicate that all three countries’ monthly and quarterly series exhibit a steep 

upward trend in terms of the trend-circle components, and their irregular factors fluctuate strongly; 

however, obvious differences also exist among the three sets. 

The seasonal factors of Chinese NGIs are less regular than those of Japan and South Korea. When 

graphed by month, China’s NGIs fluctuate especially irregularly; however, when graphed by quarter, the 

trend peaks during the summer.  

Japan’s monthly NGI series is characterized by a w-shape whose central peak occurs in August. When 

graphed by quarter, the Japanese NGI curve approximates a “~”.  

The Korean monthly and quarterly NGI series are both U-shaped, but the quarterly series exhibits a 

sharper trough. 

For China, the seasonality tests (Table 3) indicate that stable seasonality is not present in the monthly 

NGI series, although moving seasonality is present. Moving seasonality, which represents a more 

obscure, fluctuating cycle, suggests that Chinese seasonality is less stable and identifiable. In addition, 

the adjustment quality test (Table 4) rejects monthly seasonality within China’s monthly NGI series (Q 

value = 1.82, critical value = 1). For China’s quarterly NGI series, the Q-statistic support stable 

seasonality, but the combined seasonality test rejects stable seasonality. Therefore, quarterly seasonality 

is rejected for Chinese NGIs. 

For Japan, the combined seasonality tests indicate that seasonality is identifiable for both the monthly 

and quarterly series and that the adjustment quality is even better; that is, synthetically, both monthly and 

quarterly seasonality are accepted. The monthly seasonality and quarterly seasonality of the South 

Korean NGI series are also accepted by the seasonality and adjustment quality tests. 

Table 3. Seasonality tests. 

  
F-test for stable 

seasonality 
F-test for moving 

seasonality 
Kruskal–Wallis 

Statistic 
Combined 

seasonality test 

China 
Monthly None at 1% present at 5% None at 5% No 

Quarterly None at 1% None at 5% None at 5% No 

Japan 
Monthly present at 1% None at 5% present at 1% identifiable 

Quarterly present at 1% None at 5% present at 1% identifiable 

Korea 
Monthly present at 1% present at 5% present at 1% identifiable 

Quarterly present at 1% None at 5% present at 1% identifiable 

Table 4. Adjustments quality tests. 

  M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 Q Decision 

China 
Monthly 3.00 0.30 0.64 0.53 0.49 0.66 3.00 2.33 1.81 2.88 2.83 1.62 rejected 

Quarterly 0.44 0.02 0.00 0.84 0.20 0.66 1.36 2.66 1.85 2.27 1.86 0.96 accepted 

Japan 
Monthly 0.62 0.64 0.96 0.11 0.86 0.19 0.62 0.84 0.64 1.14 1.09 0.66 accepted 

Quarterly 0.41 0.17 0.13 0.54 0.20 0.40 0.39 0.94 0.88 1.42 1.40 0.49 accepted 

Korea 
Monthly 0.47 0.49 1.91 0.31 3.00 0.29 0.36 0.50 0.34 0.63 0.60 0.85 accepted 

Quarterly 0.10 0.10 0.70 0.69 0.79 0.28 0.13 0.21 0.21 0.27 0.27 0.34 accepted 
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3.2. The Reasons of NGI Seasonality  

3.2.1. Differences in Seasonal Natural Gas Consumption 

NGI seasonality stems predominantly from seasonality in natural gas consumption. The customer 

base is divided into four categories: residential, commercial, industrial, and power generation [19]. 

Industrial customers tend to be less sensitive to temperature and display insignificant seasonal 

characteristics [19]. The proportion of commercial natural gas consumption is relatively low in China, 

Japan, and South Korea (Figure 7). Thus, in this article, the seasonal characteristics of natural gas 

consumption are attributed to residential consumption, power generation and air conditioning. 

 

Figure 7. Natural gas consumption by sector in China, Japan, and South Korea [5,14,20]. 

Residential consumption: Customers use natural gas for space heating, which is known as the heating 

load. Consumers also use natural gas for water heating, drying, cooking, baking, etc., which is termed 

the base load. The heating load is weather dependent (especially on temperature), while the base load is 

not weather dependent and thus tends to be constant [19]. As temperatures drop during the winter, 

demand for natural gas for residential heating increases. In China, Japan, and South Korea, residential 

consumption is the main source of increased winter natural gas consumption.  

Power generation: Peaks in electricity demand usually occur during the winter and summer [21–23]. 

China’s electric power load is still largely reliant on coal and hydropower, while gas electricity accounts 

for a minimal proportion, approximately 1.8 percent, of the total power generated [24]. In other words, 

natural gas is not used as a power load resource in China, which implies that the seasonality of power 

generation is not a factor in Chinese NGIs. In Japan and South Korea, however, imported natural gas is 

predominantly utilized in power plants (Figure 7). In Japan, natural gas power supplements the peak load 
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during both summer and winter [25]. In South Korea, natural gas power is mainly used to supplement the 

peak power demand in winter, as indicated in Figure 8 below. 

Air conditioning: In Japan, gas air conditioning systems are increasingly favored due to benefits such 

as economic and energy efficiency, space conservation, and system operation, with the result that more 

natural gas is consumed during summer and winter. To mitigate the stress produced by peak electricity 

demand, the Japanese government supports the installation of gas air conditioning systems in office 

buildings, shopping centers, schools and hospitals, especially during the summer [14]; however, gas air 

conditioning is in its initial stages in China and South Korea. 

 

Figure 8. Monthly natural gas consumption for power generation in South Korea [5]. 

3.2.2. Differences in Domestic Natural Gas Production Capacity 

China’s natural gas production has risen substantially over the past decade, more than tripling 

between 2002 and 2013 to 117.1 bcm [26]. China relies on domestic production to meet natural gas 

consumption, and Chinese foreign gas dependency is relatively low (Figure 9). China was a net gas 

exporter until 2007, and seasonal fluctuations in natural gas consumption are therefore met by adjusting 

domestic production. Japanese natural gas production, however, has been low and constant for over a 

decade due to declining reserves. In 2012, production was 3.3 bcm, which represents a decline from an 

average of 5.2 bcm over the past 10 years [27]. Japan is dependent on foreign sources for over 95 percent 

of its natural gas consumption. Thus, in cases of limited natural gas storage, seasonal fluctuations in 

consumption will inevitably lead to significant seasonal fluctuations in NGIs. Like Japan, South Korea 

must import natural gas to meet its consumption, which has nearly doubled over the previous decade [28]. 
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Figure 9. Foreign gas dependency in China, Japan, and South Korea, plus China’s gas 

production [3,29]. 

3.2.3. Differences in the NGI Capacity 

China has a brief NGI history, and its import facilities are flawed. In 2006, China built its first LNG 

receiving station, Dapeng LNG. With limited import capacity and rapid growth in demand, China’s 

natural gas pipelines and LNG facilities operate at full capacity [30]. When demand increases, imports 

cannot adjust due to limited import capacity. Therefore, the seasonality of Chinese NGIs is unclear. 

Japan and South Korea have longer histories of NGI and superior infrastructure. Japan began importing 

LNG from Alaska in 1969. Japan possesses 30 operating LNG import terminals with a total gas send-out 

capacity of 242.4 bcm/y, which exceeds demand [27]. South Korea began importing LNG in 1986 and 

possessed 197 LNG carriers with over 10000 m3 of cargo capacity per vessel in 2012. As indicated in 

Table 5, Japanese and South Korean LNG import capacities exceed that of China, and these countries 

therefore reflect seasonal changes in gas demand by adjusting their NGIs. 

Table 5. Liquefied natural gas (LNG) import facilities in China Japan and South Korea in 

2012 [31,32]. 

 LNG carrier Receiving station Container Storage capacity (104 m3)

China 6 6 12 209.5 
Japan 96 30 175 1532.4 
Korea 197 4 60 848.5 

3.2.4. Differences in Natural Gas Price Sensitivity 

Price sensitivity is mainly affected by the natural gas pricing mechanism. For a long time, China’s 

natural gas prices were determined by the government, which produced higher imported gas prices than 

domestic market prices. NGI companies are experiencing considerable losses due to relatively low 

terminal NGI prices [33–35]. Therefore, companies lack incentives to adjust NGIs for seasonality. 

However, the natural gas pricing mechanisms are relatively reasonable in Japan and South Korea. The 

Japanese government adheres to the cost, corporate compensation, and fairness principles [36].  

In addition, the specific pricing formula and method are proposed by the Tokyo Gas Company, which 
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possesses some autonomy. In South Korea, wholesale and retail natural gas prices are adjusted with 

changes in the price of LNG. Wholesale natural gas prices are adjusted monthly to reflect fluctuations in 

the import price and exchange rate. Retail natural gas prices can be adjusted on a quarterly basis when 

exchange rate and LNG price changes exceed plus or minus three percent of the overall price [37].  

3.2.5. Differences in the Means of Transportation 

The primary means of transportation for natural gas, it is thru the pipelines and LNG tankers. NGI by 

pipelines is less flexible than that by LNG tankers, which could meet the seasonal variations in NGI 

better. Over the past four years, China has ramped up imports of natural gas via pipelines as shown in 

Figure 10 [38]. The pipeline's first and second phases of China’s first international natural gas pipeline 

connection, the Central Asian Gas Pipeline began operations in 2010 and link to the second West-East 

pipeline at the Sino-Kazak border. In September 2013, China began importing gas from Myanmar when 

the China-Myanmar gas pipeline became operational. However, Japan and South Korea do not have any 

international gas pipeline connections, and must therefore import all gas via LNG tankers. 

 

Figure 10. LNG imports and pipeline imports in China. 

4. Discussion 

4.1. Outlook on NGI Seasonality 

The results for NGI seasonality presented here cannot simply be extrapolated into the future. 

Although climate factors will remain stable, policies will change and produce changes in seasonality. 

(1) China: clear NGI seasonality might emerge 

As China’s natural gas market matures, seasonal consumption characteristics will become clearer. 

Currently, natural gas consumption is concentrated in urban areas; however, with improving gas 

pipelines and other infrastructure and increasing rural incomes, the countryside might become one of 

China’s main natural gas consumer markets. In addition, due to the energy shortage in the 1950s, the 

Chinese government drew a boundary at the Qinling mountains-Huaihe River to limit central heating, 

which was only permitted north of the boundary [39]. Today, the continued use of the so-called 
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north-south heating line, a product of the planned economy era when energy was a scarce resource, to 

determine the use of central heating is unreasonable. In recent years, many southern cities have 

experienced between 90 and 100 days of winter temperatures averaging below 6 °C [39]. Therefore, 

demand for heating in the southern cities has become more urgent. As gas heating in the countryside and 

South China gradually expands, wintertime natural gas consumption will increase further. To optimize 

the structure of natural gas consumption, in 2012, the Chinese government introduced a new natural gas 

use policy under which gas air conditioning was defined as a priority [40]. This policy could 

significantly increase both summer and winter demand for natural gas but especially summer demand. 

Since the 1990s, the Chinese government has implemented several natural gas price reforms. The 

pricing method for natural gas has evolved from government pricing to a two-track implementation to 

prices set with government guidance and finally to the current market net back value method [35]. 

During the process of price reforms, pricing mechanisms have gradually improved, and China’s natural 

gas will realize market-oriented pricing in the near future. The rationalization of natural gas prices will 

gradually improve the enthusiasm of enterprises to import natural gas, which will promote the 

development and construction of import facilities. 

In addition, China’s dependence on foreign natural gas is rising (Figure 10) and, according to the BP 

Energy Outlook 2030, will reach over 40 percent by 2030 [41]. Based on these predictions, we boldly 

infer that Chinese NGIs will display significant seasonal trends in the future. 

(2) Japan: relatively stable seasonal NGI characteristics 

Natural gas represented over 27 percent of electric generation in 2010 before the Fukushima nuclear 

disaster. Post-Fukushima, the majority of lost nuclear generation has been replaced with natural gas 

power plants. The government currently plans to construct additional gas powered generators, and three 

gas power plants with a capacity of 3.4 GW are scheduled to come online by 2016 [27]. Consequently, 

we anticipate that natural gas will continue to play a significant role in guaranteeing the supply of peak 

demand for electricity, especially during the summer. Additionally, because gas air conditioning has 

played an important role in mitigating peak electricity demand during the summer, the government will 

continue to support its development. Stable natural gas use policy will produce stable seasonal natural 

gas consumption characteristics, and accordingly, NGI seasonality will remain unchanged. 

(3) South Korea: summer NGIs might increase 

To narrow the gaps in the seasonal gas demand attributable to higher winter demand, the government 

has increased efforts to control demand while ensuring a stable supply. The Korean Ministry of 

Knowledge Economy released its tenth long-term plan to balance the supply and demand for gas over the 

period 2010–2024 on December 31, 2010 [42]. The plan calls for expanding the seasonal gas tariff to 

decrease winter demand and increase summer demand. The plan also proposes the introduction of gas air 

conditioning systems to increase summertime demand for gas. Summer NGIs will increase as summer 

demand increases. 

Based on existing policies and climate factors, we anticipate that the seasonal characteristics of NGIs 

in China, Japan, and South Korea might converge in the future such that all three countries’ winter and 

summer NGIs would exceed spring and autumn imports. 

(4) Effects of some important events on NGI seasonality  

Over the long term, international gas market has certain uncertainty. On one hand, after the 

Fukushima incident, Japan increased its demand for fossil fuels, primarily natural gas. However, the 
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effects of the accident on energy security were not restricted to Japan; the accident itself resulted in the 

loss of public acceptability of nuclear power and led countries, such as Germany and Italy, to 

immediately shut down some of the nuclear reactors or abandon plans to build new ones [43]. On the 

other hand, because of the shale gas revolution, the US natural gas market would be more self-sufficient 

and independent of the major exporters. If America exports natural gas to more countries, it will alleviate 

the natural gas tight supply situation. Due to the above reasons, it’s difficult to judge the gas price trend. 

If the gas price increases, importers will face more severe energy security risk and economic risk, they 

would be likely to take positive measures to balance seasonal imports, so the seasonality of NGI may 

become no significant. On the contrary, if the gas price decreases, less attention will be paid by importers 

on tackling the seasonal imbalances of NGI, which may lead to more obvious NGI seasonality. 

4.2. Measures to Protect the Sustainability of NGI 

Based on the seasonal differences among China, Japan, and South Korea and the reasons for those 

differences, some suggestions are provided to promote the sustainable development of NGI. 

(1) Construction of import facilities 

Due to its limited import capability, China’s NGIs did not exhibit seasonal fluctuations consistent 

with consumption. During the peak demand season (winter), imports did not increase, which produced 

gas shortages. Thus, to meet demand fluctuations, China should accelerate the construction of import 

infrastructure, including natural gas pipelines, LNG tankers, and LNG receiving terminals. Compared to 

China, Japan and South Korea possess stronger import capabilities but remain constrained in terms of 

how much LNG each can receive based on berthing, ship size, and other infrastructure limitations [27]. 

Thus, their import capabilities should be adjusted accordingly. 

(2) Expansion of inter-season swaps 

Inter-season swaps are executed by multiple natural gas buyers facing different demand patterns to 

reduce seasonal supply and demand gaps [44]. Such swaps primarily benefit buyers and can manage 

seasonal imbalances in NGIs, reduce storage costs, and improve the utilization efficiency of existing 

take-or-pay cargoes. South Korea currently engages in frequent swap transactions due to its tighter 

natural gas demand-supply balance during the winter. China and Japan should also seek inter-season 

swaps with other countries to meet their own seasonal demand.  

(3) Construction of natural gas storage 

Importing countries with significant seasonality should establish natural gas storage for utilization 

during peak demand. Gas storage capacity should be determined by both the extent of seasonal 

differences in import demand and elasticity of import capabilities. Larger gaps in seasonal import 

demand and inelastic import capacities imply the need for more peak gas storage, and vice versa. 

Optimized natural gas storage would greatly reduce the seasonal variations in NGIs and improve stability. 

(4) Interoperation of remaining import facilities 

Seasonal differences can cause import facilities to operate under conditions of shortage or 

oversupply. Importers should cooperate to obtain corresponding use rights. An importer with facilities in 

shortage countries could pay equipment fees to an importer in an oversupply country to not only meet 

their demand for NGIs but also improve the utilization efficiency of facilities on the supply side. 
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(5) Development of short-term spot trading 

International trade in natural gas has been dominated by long-term contracts, in which buyers are 

obliged to import a fixed quantity of natural gas over a 15–25 year period regardless of supply or demand 

fluctuations [4]. Most long-term natural gas contracts include destination clauses that restrict buyers 

from reselling cargo to third parties. These clauses pose barriers to buyer profit maximization through 

resale. However, spot purchases could increase importer choices, inject liquidity into markets, and allow 

buyers to hedge their financial and physical risks. Currently, the NGIs in China, Japan, and South Korea 

are dominated by long-term contracts [4], so it is advisable for them to exploit spot purchases to cope 

with the demand fluctuations that long-term contracts cannot handle. 

(6) Establishment of a natural gas futures market 

It would benefit countries with significant demand to establish a natural gas futures market, especially 

countries that experience seasonal fluctuations in demand for NGIs and for which price risk is an 

important factor. By establishing a pre-determined price, these countries avoid paying peak prices during 

peak import times. In addition, the first countries to establish a futures market could negotiate favorable 

futures contracts according to their import seasonality, form their trade benchmark prices, improve their 

bargaining power, and enhance their discourse in the international gas market. 

5. Conclusions 

The purpose of this study was to detect, illustrate and compare NGI seasonality in three major 

Northeast Asian countries, namely, China, Japan, and South Korea. The X-12-ARIMA model is used to 

analyze monthly and quarterly data. The following results are observed: 

(1) NGIs in China do not exhibit identifiable monthly or quarterly seasonality, while NGIs in South 

Korea and Japan are clearly seasonal. 

(2) In Japan, NGIs exceed average levels in January, February, July, August, September, and 

December; that is, Japan usually imports more natural gas during the winter and summer. 

(3) In South Korea, NGIs exceed average levels in January, February, March and December. In other 

words, South Korea typically imports more natural gas during the winter. 

From the above results, we could found (i) the seasonality of NGI mainly stems from the seasonality 

of natural gas consumption; (ii) domestic natural gas production capacity, NGI capacity, price 

sensitivity, and means of transportation could have some effect on NGI seasonality, for example, the 

factors make NGI seasonality unclear in China; and (iii) the seasonality of NGI might change due to 

policy factors, for example, Japanese NGIs during summer are much higher, due to the policy about gas 

air conditioning systems. 

The above results are also useful for designing energy policies to promote healthy and sustainable 

NGI development. In brief, a deeper understanding of the seasonal variations of NGI, gained by 

analyzing the seasonal patterns over the year, may help national governments to prevent natural gas 

shortages and decrease the cost of NGI by designing suitable NGI policies that take into account the 

seasonal patterns found in the countries. For example, China and Japan could seek inter-season swaps 

with other countries to meet their own seasonal demand.  
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We must emphasize that importers should note that the long-term seasonality of NGIs might change 

due to policy factors. For example, the South Korean government proposed the expansion of seasonal 

tariffs, which might increase summer NGI. Beside, over the long term, global warming caused by 

greenhouse gas emissions is also likely to dramatically alter people’s natural gas consumption habits. 

For example, “warmer winters” might significantly reduce natural gas consumption for heating during 

winter, and NGIs will decrease accordingly. Of course, this is beyond the scope of this paper, and we 

propose this conjecture to provoke thought. 
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Figure A1. The correlogram of China’s monthly NGI series. 
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Figure A2. The correlogram of China’s quarterly NGI series. 

 

Figure A3. The correlogram of Japan’s monthly NGI series. 



Sustainability 2015, 7 1708 

 

 

Figure A4. The correlogram of Japan’s quarterly NGI series. 

 

Figure A5. The correlogram of South Korea’s monthly NGI series. 
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Figure A6. The correlogram of South Korea’s quarterly NGI series. 
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