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Abstract: We investigate the impact of extreme weather conditions on the stock market returns of 
the Hong Kong Stock Exchange and Shenzhen Exchange. For the weather conditions, we apply 
dummy variables generated by applying a moving average and moving standard deviation. Our 
study provides two interesting results. First, extreme weather conditions have a significant impact 
on the stock returns of the Shenzhen Exchange, indicating that the Shenzhen market is inefficient. 
Second, during the pre-QFII period, extreme weather conditions have a strong impact on the returns 
of the Shenzhen stock market, but the impact is significantly weaker in the period after QFII. This 
means that the efficiency of the Shenzhen stock market has significantly increased since the QFII 
program due to the market openness to foreign institutional investors. We emphasize the role of 
foreign investors not affected by local weather conditions by observing how market opening affects 
extreme weather impacts on stock market returns. 

Keywords: behavioral finance; extreme weather; financial market openness; investment sentiment; 
MA-MSD method; QFII plan 
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1. Introduction 

A psychological state, such as mood, feelings, emotion and sentiment, is known to play an 
important role in people’s decision making and judgment (Wright and Bower 1992; Bagozzi et al. 
1999; Nofsinger 2002). It is also known that the weather has a significant influence on the people’s 
mood and sentiment, and in turn, people’s decision and behavior, called the weather effect (Rind 
1996; Bassi et al. 2013). 

If so, do weather conditions really affect stock market returns? The literature of market anomaly 
has suggested that weather conditions initially affect individuals’ emotional mood and sentiment and 
in turn influence investors’ rational decision makings. In this case, if investors’ decisions have 
significant weather effects, a variety of extreme weather conditions can affect stock returns. 

The efficient market hypothesis (EMH) entails that stock prices are determined by firms’ 
fundamental values. If this theory is right, then it is not expected that any weather conditions can 
affect firms’ value. However, the literature of behavioral finance suggests that, to a certain extent, 
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anomalies in stock markets can be occurred from various weather factors.1 This view challenges the 
validity of the EMH. 

With regard to behavioral finance, Chinese stock markets are interested in examining weather 
effect on stock returns. There are two main stock indices in China: One is the domestic board (A-
shares) and the other is the foreign board (B-shares). At the beginning, foreign investors were 
restricted to hold A-shares,2 and domestic investors were restricted for holding B-shares. However, 
since 9 July 2003, foreign investors have been allowed to trade A-shares on a limited basis. 

In case of domestic investors, investment decisions can be affected by local weather conditions 
in China and, thus, the effect of weather conditions may be existed in Chinese stock markets. 
However, in recent years, the expansion of market opening and globalization has increased the level 
of participation of foreign stocks in the local stock market, which may have weakened the weather 
effects of the stock market. Using electronic trading systems and modern communication 
technologies, arbitrageurs can establish international portfolio strategies based on program 
transactions. This development can reduce the weather impact on stock returns and increase the 
efficiency of the Chinese stock market. This unique market nature allows us to investigate the impact 
of stock returns on foreign investors before and after the opening of the stock market. 

In this paper, we examine the effect of weather conditions on stock returns using two typical 
stock market indices of the Hong Kong Stock Exchange and the Shenzhen Stock Exchange: Hang 
Seng Index (HSI) and Shenzhen Component Index (SZI). For this, we consider the daily index of the 
weather index (temperature, humidity and sunshine period) from January 1999 to June 2016 with 
three weather proxies: Temperature, humidity, and sunshine duration. Additionally, we also 
investigate whether the activity of foreign investors in the state of Shenzhen A has reduced the degree 
of market impact since 9 July 2003. To analyze the possible impact of A-share openness on foreign 
investors, we divide the SZI index series into two sub-periods and compare the meteorological effects 
between the two sub-periods. 

The rest of the paper is organized as follows. Section 2 discusses previous research on the impact 
of weather on the stock market. Section 3 outlines Hong Kong and Shenzhen stock market and 
statistical characteristics. Section 4 describes the measurement of extreme weather conditions and 
dummy variables based on 11 (31 days) moving averages and standard deviations. Section 5 
examines the relationship between weather conditions and stock returns and compares the results 
for the two sub-periods, before and after 9 July 2003. Finally, Section 6 presents conclusions. 

2. Literature Review 

Psychologists have long been interested in the effects of sunshine on human behavior (see Allen 
and Fischer 1978; Bell and Baron 1976; Cunningham 1979; Howarth and Hoffman 1984). They argue 
that sunshine affects people’s moods and emotions and can, in turn, affect their own attitudes toward 
certain behaviors. For example, Cunningham (1979) finds that mild sunshine has a positive effect on 
consumer behavior and encourages people to interview. 

Such finding indicates that weather can affect individuals’ emotional state or mood, which in 
turn interferes in their rational or optimal decision-makings. If this is the case, the weather effect on 
people’s behavior may have a substantial impact on the decision-makings of stock investors. 

Some research on weather impacts focuses on the impact of sunshine on stock returns. Saunders 
(1993) and Hirshleifer and Shumway (2003) report that cloud cover negatively affects daily stock 
returns. Recently, some studies consider various weather conditions. For example, Keef and Roush 
(2002, 2005) investigate the impact of weather conditions such as cloud cover, temperature, and wind 
on the returns of New Zealand securities. Dowling and Lucey (2005, 2008) also investigate the 

 
1  For examples, Saunders (1993), Kamstra et al. (2000, 2003), Keef and Roush (2002, 2005, 2007), Hirshleifer and 

Shumway (2003), Cao and Wei (2005), Garrett et al. (2005), Dowling and Lucey (2005, 2008), Chang et al. 
(2006), Yoon and Kang (2009), Novy-Marx (2014), Kaplanski et al. (2015), Schmittmann et al. (2015), Kaustia 
and Rantapuska (2016), and Dong and Tremblay (2018). 

2  Since July 2003, foreign investors have started to trade A-shares on a limited basis as a part of the Qualified 
Foreign Institutional Investor (QFII) plan. 
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relationship between weather and stock returns using multi-weather proxy variables. Cao and Wei 
(2005) and Keef and Roush (2007) find a negative correlation between the returns and temperature of 
Australian stock market. Chang et al. (2006) report that cloud volumes and temperature had a 
negative impact on Taiwanese stock market returns. Similar results can be found in Yoon and Kang’s 
(2009) study of the effects of weather on Korea’s stock returns using humidity, temperature and cloud 
cover. 

More recently, Novy-Marx (2014) finds that, the weather conditions of global warming and the 
El Niño phenomenon have a significant power in forecasting the performance of popular anomalies 
in stock markets, implying that these factors have predictability for the asset pricing. 

Kaplanski et al. (2015) survey investors’ subjective emotional factors, returns and risk 
expectations. They are non-economic factors that influence the systematic risk and return 
expectations and investment plans of people who suffer from seasonal affective disorder it is found 
that the winter blues while supporting the hypothesis that the expected return is lower in autumn 
than any other season. 

Schmittmann et al. (2015) explore the impact of weather on investors’ trading in German stock 
market and find strong evidence for the relationship between weather and overall trading volume. 
Kaustia and Rantapuska (2016) identify the weather effects in Finland and link stock returns with 
weather. They find that some weather-related mood variables are individually significant. Pizzutilo 
and Roncone (2017) use intraday stock data to examine the weather effects of the Italian stock market 
and conclude that there is no systematic relationship between weather and stock returns. Shim et al. 
(2017) uses a daily data to explore the meteorological effects of returns and volatility in the Korean 
stock and derivatives markets. Dong and Tremblay (2018) finds pervasive and systematic patterns of 
weather effects by examining weather (sunshine, rain, snow, wind, and temperature) and the stock 
index returns of 49 countries for the period from 1973 to 2012. 

There are several empirical studies on the Chinese stock market. For example, Yi and Wang 
(2005) provide evidence of the weather effects (humidity and wind) on the Shanghai Composite 
Index. Han and Wang (2005) and Han (2005, 2006) find significant impacts of weather on the 
Shanghai and Shenzhen stock markets. Kang et al. (2010) consider the openness effect of Shanghai B-
stock market to domestic investors and the effect of comparing the weather effects between two 
periods before and after the opening. They find a strong effect of weather on B-share returns only 
during the period after the opening, possibly indicating that the weather effect seems to be caused by 
the participation of domestic investors. Cao and Han (2015) also test the weather effects using DCCA 
cross-correlation coefficient and find that some weather variables affect the returns and volatilities of 
the Shanghai and Shenzhen stock markets.  

All the above findings generally cast doubt on the validity of the EMH in Chinese stock markets. 
However, no study has analyzed the efficiency of the mainland Chinese stock market (Shenzhen 
stock market) by comparing it with the Greater Chinese stock market (Hong Kong stock market) from 
the perspective of behavioral finance. We think the two stock markets, Shenzhen and Hong Kong 
stock markets, are the best object of empirical study for exploring the weather effect and the origin 
and nature of market efficiency from the perspective of behavioral finance, because the two markets 
are very closely located to each other and in the same weather conditions, but different from the 
investor composition. 

3. Hong Kong and Shenzhen Stock Markets 

3.1. Overviews of Hong Kong and Shenzhen Stock Markets 

This study considers Hong Kong and Shenzhen stock markets. There are two reasons why we 
focus on these two markets. First, because Shenzhen is the most important commerce gateway 
between the mainland China and Hong Kong, many blue chips in the southern part of China are 
listed in this market. To our knowledge, however, there is little study that investigates this market. 
Second, both stock markets are geographically very close to each other with the same climate zone, 
but the proportion of local investors (or that of foreign investors) is very different between the two 
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markets. This is the main reason why we choose these two stock markets to investigate the effect of 
weather conditions on stock returns. 

Table 1 briefly summarizes the key statistics of Hong Kong and Shenzhen stock markets. The 
Hong Kong Exchange is one of international financial centers, and its exchanges and clearing houses 
provide a wide range of financial service to private companies, investors, and financial 
intermediaries. Since the takeover from the UK, the Hong Kong Exchange has reinforced its financial 
transactions with mainland stock markets. As shown in Table 1, the Hong Kong Exchange has two 
major markets: the Main Board and the Growth Enterprise Market (GEM).3 As of 31 December 2016, 
the Hong Kong Stock Exchange has 1713 listed companies with a combined market capitalization of 
HK$24,450 billion in Main Board market. 

Table 1. Overview of the statistics for Hong Kong and Shenzhen Exchanges (December 2016). 

 
Hong Kong Exchange Shenzhen Stock Exchange 
Main Board GEM A-Share B-Share 

No. of listed companies 1713 260 1859 49 
No. of listed H-shares 218 23 n.a. n.a. 

No. of listed red-chips stocks 147 6 n.a. n.a. 
No. of listed securities 8330 261 n.a. n.a. 

Market capitalization (Billion) HK$24,450 HK$311 RMB 22,222 RMB 86 
Average P/E ratio (Times) 10.53 71.31 41.62 11.15 

Turnover volume (average daily) (Million shares) 129,733 1419 13,085 17 
Turnover value (average daily) (Million) HK$54,775 HK$582 RMB 193,984 RMB 131 

Source: Website of Hong Kong Exchange (http://www.hkex.com.hk), and Shenzhen Stock Exchange 
(http://www.szse.cn/main/en). 

The Shenzhen stock exchange, which is a relatively immature market, was launched on July 
1991. Many companies on the Shenzhen stock market are subsidiaries of the state companies 
controlled by the Chinese government. As shown in Table 1, the market is segmented with two types 
of shares. One is consisted of A-shares that are the ordinary shares issued by the mainland Chinese 
companies. The shares intended for domestic investors are denominated and traded in RMB Yuan. 
The other is made up of the B-shares also issued by the mainland Chinese companies. However, the 
shares are denominated with RMB Yuan and traded with foreign currencies in buying and selling. In 
2002, the Chinese government allowed foreign investors to buy and sell Yuan-denominated A-shares 
by the implementation of the Qualified Foreign Institutional Investor (QFII) program. 

Chinese companies can be listed on H-Shares in the Hong Kong market and on A-Shares in the 
mainland market through IPOs. Meanwhile, investors in both regions can trade in both markets. 
Hong Kong is the gateway to mainland China and has close business relationships with other Asian 
economies. Therefore, the Hong Kong stock market is strategically positioned as a regional financial 
center to finance many Asian and multinational corporations. 

3.2. Investors in Hong Kong and Shenzhen Stock Markets 

In the Hong Kong Exchange (Table 2), foreign investors represent about more than 40% of total 
investors. In the Shenzhen stock market (Table 3), local individual investors dominate more than 80% 
of the market. The number of foreign investors is relatively very small, although it has been increased 
after the launch of the QFII program in 2003. 
  

 
3  The Growth Enterprise Market (GEM) caters to companies which cannot satisfy some profit track records 

necessary to be listed on the Main Board of the Stock Exchange. 
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Table 2. Composition of investors in the Hong Kong market (Year-end, %). 

Year Local Individual 
Investors 

Local Institutional 
Investors 

Foreign Institutional 
Investors 

Foreign Individual 
Investors 

The 
Exchange 

2006 28 25 39 4 4 
2009 25 24 38 4 8 
2012 17 21 42 4 15 
2015 19 19 31 8 22 

Source: HKEX Fact Book (http://www.hkex.com.hk). 

Table 3. Composition of investors in the Shenzhen market (Year-end, 10,000). 

YearNo. of PersonalInvestorsNo. of Company Investors Total 
2009 8542.60 28.15 8570.75 
2012 10,537.82 35.48 10,573.30
2016 20,841.00 56.12 20,897.13

Source: Shenzhen Stock Exchange Fact Book (2016, p. 9). 

This study raises the following three hypotheses on the effect of weather on returns in these 
markets: 

(1) Since the proportion of local individual investors in the Shenzhen stock market is high, the 
market is expected to be sensitive to local weather conditions; 

(2) Since the QFII program, the Shenzhen stock market increasingly has a number of foreign 
investors who are less affected by local weather conditions, it is expected that the program mitigates 
the existence of weather effects on the Shenzhen stock market; 

(3) Since the proportion of foreign investors is high in the Hong Kong Exchange, no weather 
effect on stock returns is expected in this market. 

3.3. Descriptive Statistics of Stock Returns 

This study uses two daily stock indices for the period from January 1999 to June 2016: The Hang 
Seng Index (HSI) of Hong Kong Exchange and the SZSE Component Index (SZI) of Shenzhen 
Exchange.4 A-shares on the Shenzhen Exchange were initially launched for domestic investors and 
B-shares for foreign investors. However, since 9 July 2003, A-shares are available to foreign investors 
on a limited basis. To examine the openness of the A-share market to foreign investors, the data were 
divided into two sub-samples using 9 July 2003, as a cut-off date. 

Daily returns were calculated as 𝑟 = 100 × ln (𝑃 𝑃⁄ ), where 𝑃  is the current index and 𝑃  
is the previous day’s index. Figures 1 and 2 show dynamics of daily price and return series of HSI 
and SZI, respectively. Both return series show variability clustering. The dynamics of SZI are more 
volatile than HSI during that period and indicate that the Shenzhen Stock Exchange is less stable than 
the Hong Kong Stock Exchange. 

Table 4 summarizes the descriptive statistics of stock returns. As shown in the table, the results 
of the Jarque-Bera test to check normality show that none of the sample returns is normally distributed. 

Table 4. Descriptive statistics of sample returns. 

Variables Obs. Mean Max. Min. 
Std. 
Dev. Skew. Kurt. Jarque-Bera 

HSI 4350 0.02 13.41 −13.58 1.54 −0.06 10.19 9378.8 ***  
SZI 4228 0.03 9.53 −9.75 1.86 −0.25 6.19 1841.2 ***  

 
4  All of the data were obtained from the RESSET Financial Research Database. 
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Notes: The Std. Dev., Skew., and Kurt. denote the standard deviation, skewness, and kurtosis of 
sample returns, respectively. The Jarque-Bera test statistics are to check the normality of sample 
returns. *** indicates the rejection of the null hypothesis of normality at the 1% significance level. 

 

 
Figure 1. Dynamics of daily price: HSI and SZI prices. 
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Figure 2. Dynamics of daily returns: HSI and SZI returns. 

Daily weather data were used from January 1999 to June 2016: Sunshine (SUNSH), temperature 
(TEMP), and humidity (HUMI).5 The data series were obtained from the Hong Kong Observatory.6 
Sunshine is measured in terms of the number of hours of sunshine duration; temperature in terms of 
Celsius degrees; humidity in terms of relative humidity (the percentage of moisture contained in the 
air). Table 5 summarizes the descriptive statistics of the sample data used. As shown in this table, the 

 
5  We also analyzed using cloud cover instead of sunshine duration and found similar results. As the two 

variables are very highly correlated each other, both variables should not be included in the regression 
equation due to multicollinearity problem. 

6  http://www.weather.gov.hk/. 
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weather conditions in Hong Kong and Shenzhen are very similar, because the two regions are in fact 
the same area. In this region, it is very hot, humid and rainy in summer, but relative mild and humid 
in winter. 

Table 5. Descriptive statistics of weather variables for Hong Kong and Shenzhen. 

Variables Obs.  Mean Max. Min. Std. 
Dev. Skew. Kurt. Jarque-Bera 

Panel A: Hong Kong 
TEMP 4350 23.5 31.8 7.4 5.12 −0.53 2.27 304.3 ***  
HUMI 4350 78.2 99.0 27.0 10.29 −0.99 4.89 1350.8 ***  

SUNSH 4350 5.0 12.4 0.0 3.89 0.04 1.52 398.7 ***  
Panel B: Shenzhen 

TEMP 4228 23.6 31.8 7.4 5.09 −0.52 2.25 291.8 ***  
HUMI 4228 78.3 99.0 27.0 10.28 −1.00 4.95 1380.1 ***  

SUNSH 4228 5.1 12.4 0.0 3.89 0.03 1.52 387.4 ***  
Note: See the note of Table 4. 

4. Methodology  

4.1. Weather Variables 

To examine the effect of weather on stock returns, the three weather variables we used in this 
study were converted into dummy variables because they are subject to seasonal factors. For 
example, in Hong Kong and SHENZHEN, 15 °C in winter is considered to be relatively warm, but 
the same weather in summer is felt relatively cold. Thus, directly using raw weather data may result 
in seasonal bias in the measurement of the effect of weather on stock market returns. For this reason, 
following Yoon and Kang (2009), we recalculated weather variables using moving averages (MA) 
and moving standard deviations (MSD). Specifically, we used the following 11-day MA and MSD:7 𝑀𝐴 = ∑ 𝑥   (1) 

𝑀𝑆𝐷 = ∑ 𝑥 −𝑀𝐴   (2) 

where 𝑥  is the daily values of three weather variables—SUNSH, TEMP, and HUMI—at day 𝑡. Since 
extreme weather conditions are expected to be more likely to substantially augment the weather 
effects on stock returns than normal conditions, two dummy variables were generated as follows: 

If 𝑥 < (𝑀𝐴 −𝑀𝑆𝐷 ), then 𝑊𝐿 = 1; otherwise, 𝑊𝐿 = 0, 

If 𝑥 > (𝑀𝐴 −𝑀𝑆𝐷 ), then 𝑊𝐻 = 1; otherwise, 𝑊𝐻 = 0, 
(3) 

where 𝑊𝐿  represents a dummy variable for extremely below-average weather and 𝑊𝐻  is a 
dummy variable for extremely above-average weather. The weather dummies used in the study are 
summarized in Table 6. 

Table 6. Description of extreme weather condition dummies. 

Weather Dummies Description 

tmL Extremely low temperature 

tmH Extremely high temperature 

hmL Extremely low humidity 

 
7  The 31-day MA and MSD method can be similarly formalized to the case of 31-day. See Yoon and Kang (2009) 

for the case of 21-day. 
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hmH Extremely high humidity 

snL Extremely short sunshine duration  

snH Extremely long sunshine duration 

4.2. Model Framework  

Using the weather dummy variables generated in the above section, we estimated the following 
model for analyzing the effect of weather on stock returns: 𝑅 = 𝜇 + 𝜃𝐽𝑎𝑛 + 𝜑𝑀𝑜𝑛 +𝛾 𝑡𝑚𝐿 + 𝛾 𝑡𝑚𝐻 + 𝛾 ℎ𝑚𝐿 + 𝛾 ℎ𝑚𝐻 + 𝛾 𝑠𝑛𝐿 + 𝛾 𝑠𝑛𝐻 +𝜆 𝑡𝑚𝐿 ∗ ℎ𝑚𝐿 + 𝜆 𝑡𝑚𝐿 ∗ ℎ𝑚𝐻 + 𝜆 𝑡𝑚𝐿 ∗ 𝑠𝑛𝐿 + 𝜆 𝑡𝑚𝐿 ∗ 𝑠𝑛𝐻 +𝜆 𝑡𝑚𝐻 ∗ ℎ𝑚𝐿 + 𝜆 𝑡𝑚𝐻 ∗ ℎ𝑚𝐻 + 𝜆 𝑡𝑚𝐻 ∗ 𝑠𝑛𝐿 + 𝜆 𝑡𝑚𝐻 ∗ 𝑠𝑛𝐻 +𝜆 ℎ𝑚𝐿 ∗ 𝑠𝑛𝐿 + 𝜆 ℎ𝑚𝐿 ∗ 𝑠𝑛𝐻 + 𝜆 ℎ𝑚𝐻 ∗ 𝑠𝑛𝐿 + 𝜆 ℎ𝑚𝐻 ∗ 𝑠𝑛𝐻 + 𝜀 . 

(4) 

In this equation, 𝑅  denotes the daily returns of the Hong Kong Stock Exchange and the 
Shenzhen Stock Exchange; 𝐽𝑎𝑛 and 𝑀𝑜𝑛 denote the dummies for January and Monday effects, 
respectively; 𝛾  denotes the coefficients of weather dummies; and 𝜆  denotes the interaction effect 
of the three weather dummies used. Additionally, we considered the nonlinear problem of time 
varying heteroskedasticity in the model using the following GARCH (1,1) model:8 ℎ = 𝜔 + 𝛼𝜀 + 𝛽ℎ , 𝜀 = 𝑧 𝜎 , 𝑧 ~𝑁(0,1), (5) 

where 𝜀  is normally distributed but heteroskedastic and ℎ  denotes the conditional variance. All 
parameters (𝜔,𝛼 , and 𝛽 ) are expected to be positive, and the sum of (𝛼 + 𝛽)  indicates the 
persistence of shocks to volatility. 

5. Empirical Results 

5.1. Effects of Weather on Hong Kong and Shenzhen Stock Returns 

Table 7 shows the effects of extreme weather condition on the returns of the HSI and the SZI 
using 11-day MA-MSD method. As shown in the table, the estimated values of parameters (𝜔, 𝛼 and 𝛽) in the GARCH model are positive and (𝛼 + 𝛽) < 1. These results indicate that the non-negativity 
constraint and stationarity in the conditional variances are satisfied, respectively. Additionally, there 
is no seasonal effect such as January effect (𝐽𝑎𝑛) on the HSI and SZI returns, indicating the absence 
of a market anomaly in these two markets. 

Table 7. Effects of weather conditions on returns using 11-day MA-MSD method. 

 
HSI 

 SZI  
Whole Period Pre-QFII Period Post-QFII Period 

Coeff. t-Value Coeff. t-
Value 

Coeff. t-Value Coeff. t-
Value 

μ  0.0499  1.83 0.1701  2.13  0.1963  1.94  0.1748  1.34   𝐽𝑎𝑛 −0.0265  −0.44 0.0158  0.20  0.2294  2.19  −0.2384  −1.84   𝑀𝑜𝑛 0.0156  0.38 −0.0024  −2.31  −0.0029  −2.14  −0.0024  −1.42  
tmL 0.0274  0.35 0.1904  1.88  0.3161  2.46  0.0479  0.30  

 
8  The GARCH (generalized autoregressive conditional heteroscedasticity) model proposed by Bollerslev (1986) 

is a generalization of ARCH model of Engle (1982) to consider a volatility clustering. The standard GARCH 
model has been extended to the GJR-GARCH model (Glosten et al. 1993) and EGARCH model (Nelson 1991) 
to capture an asymmetry of volatility and FIGARCH model to capture a long memory feature of volatility. 
In the empirical study, we apply the standard and popular GARCH model to focus on the conditional mean 
equation of Equation (4). 
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tmH  −0.0610  −0.86 −0.0652  −0.75  0.0940  0.82  −0.1925  −1.41  
hmL −0.0670  −0.89 −0.1067  −1.12  −0.1045  −0.79  −0.0907  −0.62  
hmH  0.0670  0.81 0.0875  0.88  0.0073  0.06  0.2002  1.27  
snL  0.1100  1.88 0.0952  0.90  0.0267  0.21  0.1617  0.84  
snH  −0.1802  −1.98 −0.0035  −0.04  0.0236  0.17  −0.0722  −0.58  
hmLtmL*  −0.0259  −0.16 0.1025  0.56  −0.1060  −0.45  0.3027  1.03  
hmHtmL*  −0.1837  −1.28 −0.2119  −1.18  −0.1502  −0.68  −0.3050  −1.04  
snLtmL*  −0.1304  −0.52 −0.2328  −1.44  −0.3022  −1.60  −0.1277  −0.45  
snHhmL*  0.2064  1.39 −0.3651  −1.37  −0.5177  −1.42  0.0659  0.14  
hmLtmH*  0.1588  1.16 0.2601  1.39  0.2461  1.06  0.1750  0.57  
hmHtmH*  −0.2212  −1.27 0.3731  1.68  0.3600  1.17  0.2812  0.82  
snLtmH*  −0.1362  −1.00 −0.3089  −0.87  −0.3930  −0.78  −0.3076  −0.61  
snHtmH*  0.0566  0.21 −0.1740  −0.97  −0.5476  −2.30  0.2854  1.04  
snLhmL*  −0.0589  −0.50 −0.3764  −1.31  −0.3622  −1.19  −0.0322  −0.04  
snHhmL*  0.3764  1.17 −0.0593  −0.40  −0.1708  −0.78  0.0758  0.34  
snLhmH*  0.4496  0.94 0.1339  0.84  0.1222  0.59  0.1656  0.63  
snHhmH*  0.1230  0.92 −0.5671  −1.26  −0.1634  −0.27  −1.1766  −1.41  

ω  0.0152  5.07 0.0397  6.23  0.0722  4.95  0.0266  3.47  
α  0.0627  12.68 0.0779  14.53  0.1159  10.88  0.0504  9.54  
β  0.9307  164.29 0.9125  173.8  0.8574  69.13  0.9438  173.9  
Llog  −7285.2039 −8123.7431 −3275.7723 −4815.9844 

AIC  14,618.4077 16,295.4862 6599.5446 9679.9687 
Notes: The bold indicates the rejection of the null hypothesis of no weather effect at the 10% 
significance level. log 𝐿  denotes the calculated value of logarithmic likelihood in the maximum 
likelihood estimation. 𝐴𝐼𝐶 denotes the calculated value of the Akaike information criterion. 

As shown in Table 7, the significance of two weather variables (𝑠𝑛𝐿 and 𝑠𝑛𝐻) provide statistical 
evidence for the effect of weather on the HSI returns. This implies that sunshine duration is very 
important weather factor in Hong Kong investors. The dummy for extremely short sunshine duration (𝑠𝑛𝐿) shows positive signs in Hong Kong stock markets. Usually, as the temperature and humidity 
are very high in Hong Kong, short sunshine duration can make investors feel pleasant and active. 
This evidence is coincided with the findings of Saunders (1993) and Hirshleifer and Shumway (2003), 
who interpret the positive association as a result that investors’ mood is optimistic on less cloudy 
days and consequently raises stock market returns. On the other hand, extremely long sunshine 
duration (𝑠𝑛𝐻) shows negative impacts on stock returns, as expected.  

In case of SZI returns, the significance of two other weather variables (𝑡𝑚𝐿 and 𝑡𝑚𝐻 ∗ ℎ𝑚𝐻) 
provide statistical evidence for the weather effect on the SZI returns. This means that in these two 
extreme weather conditions Shenzhen market shows positive returns with a statistical significance. 
Howarth and Hoffman (1984) argue that high humidity can increase aggression with discomfort and 
apathy with reduced attention and alertness. Extremely low temperature can also increase 
aggression. In a study related to anomaly in stock market returns, Cao and Wei (2005) maintain that, 
since aggression can result in more risk taking and apathy can impede risk taking, high humidity 
may involve higher or lower stock returns, depending on the trade-off between the two competing 
effects. In this context, our evidence could be interpreted as a result of aggression associated with an 
aggressively risk-taking behavior.  

Table 8 shows the effects of extreme weather condition on the stock returns of the HSI and the 
SZI using 31-day MA-MSD method. As shown in this table, the estimated values of parameters in the 
GARCH model are positive and (𝛼 + 𝛽) < 1. These results satisfy the non-negativity constraint and 
stationarity in the conditional variances in both markets. As well, there is no January effect (𝐽𝑎𝑛) in 
both markets. 
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Table 8. Effects of weather conditions on returns using 31-day MA-MSD method. 

 
HSI 

 SZI  
Whole Period Pre−QFII Period Post−QFII Period 

Coeff. t-Value Coeff. 
t-

Value Coeff. t-Value Coeff. 
t-

Value 
μ  0.1518  2.28 0.1114  1.21  0.0914  0.77  0.1571  1.04  𝐽𝑎𝑛 −0.0421  −0.69 0.0086  0.11  0.2121  2.00  −0.2426  −1.86  𝑀𝑜𝑛 −0.0016  −1.75 −0.0014  −1.16  −0.0012  −0.79  −0.0017  −0.88  
tmL 0.0711  0.84 0.0497  0.51  0.3286  2.36  −0.2075  −1.33  
tmH  −0.0606  −0.87 −0.1004  −1.19  −0.1467  −1.28  −0.0310  −0.24  
hmL −0.0273  −0.34 0.0571  0.56  0.1710  1.35  −0.0760  −0.46  
hmH  0.0748  0.88 0.0531  0.46  −0.1020  −0.75  0.2205  1.11  
snL  −0.0725  −0.97 −0.0045  −0.05  −0.0406  −0.33  −0.0366  −0.25  
snH  0.0460  0.74 0.0073  0.09  −0.0630  −0.52  0.0373  0.30  
hmLtmL*  −0.0089  −0.06 0.0628  0.33  −0.5710  −2.35  0.8206  2.66  
hmHtmL*  −0.1001  −0.74 −0.2393  −1.37  −0.1956  −0.91  −0.3042  −1.06  
snLtmL*  0.0551  0.43 0.0543  0.33  −0.1816  −0.86  0.2774  1.04  
snHhmL*  −0.0351  −0.16 −0.1315  −0.61  0.0677  0.22  −0.2426  −0.72  
hmLtmH*  −0.0824  −0.59 −0.2522  −1.55  −0.3138  −1.54  −0.3357  −1.24  
hmHtmH*  0.0676  0.36 0.2264  0.79  0.2749  0.81  0.3765  0.60  
snLtmH*  −0.0159  −0.06 −0.1791  −0.59  0.0209  0.05  −0.3067  −0.60  
snHtmH*  0.1096  0.85 0.3403  2.32  0.5366  2.88  0.1659  0.66  
snLhmL*  0.0497  0.21 −0.3724  −0.93  0.1867  0.32  −0.5358  −0.88  
snHhmL*  −0.0976  −0.84 −0.1349  −1.00  −0.1336  −0.76  −0.0873  −0.39  
snLhmH*  0.0623  0.51 0.0673  0.43  0.1027  0.54  0.0970  0.38  
snHhmH*  −0.2786  −0.39 0.0119  0.01  0.3870  0.02  −0.3814  −0.30  

ω  0.0152  4.95 0.0407  6.43  0.0803  5.12  0.0259  3.53  
α  0.0616  12.74 0.0763  14.54  0.1140  10.47  0.0487  9.73  
β  0.9318  166.6 0.9136  177.1  0.8552  64.67  0.9456  186.4  
Llog  −7287.6306 −8129.1059 −3282.2657 −4813.8673 

AIC  14623.2612 16306.2117 6612.5313 9675.7345 
Note: See the note of Table 7. 

As shown in Table 8, there is no weather effects in Hong Kong stock market, as all the weather 
variables are not statistically significant. However, in Shenzhen stock market, weather effect is 
identified in 𝑡𝑚𝐻 ∗ 𝑠𝑛𝐻 weather condition. 

5.2. Market Openness and Effects of Weather on the Shenzhen Stock Returns 

We investigated whether the Shenzhen A stock market reduced the weather effects on stock 
returns based on whether they were open to foreign investors who were less affected by local weather 
than domestic investors. For this, we divided the SZI series into two sub-periods: the pre-QFII period 
(i.e., the period prior to the implementation of the QFII plan on 9 July 2003, during which the shares 
were traded only by domestic investors) and the post-QFII period (i.e., the period during which the 
shares were traded by both foreign and domestic investors). 

The right part of Table 7 reports the test results for the effect of weather on the SZI returns over 
two sub-periods (pre-QFII and post-QFII periods) using 11-day MA-MSD method. In the pre-QFII 
period, two weather conditions have significant effects on the returns. For example, the estimated 
values of 𝑡𝑚𝐿 weather condition is significant and positive, but that of 𝑡𝑚𝐿 ∗ 𝑠𝑛𝐻 is statistically 
significant and negative. These results show that the domestic investors are affected in their 
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investment decision by extreme local weather conditions before the market openness to foreign 
investors. 

In the post-QFII period, however, we cannot find any significant evidence for the effect of 
weather on the stock market. This changed evidence supports our hypothesis that the weather effect 
in the SZI market has been weakened, due to the market entry of foreign investors. This finding 
suggests that the investment market is more efficient, as the foreign investors are generally less 
sensitive to local weather conditions and have been largely increased in the Shenzhen market. 

As shown in the right part of Table 8, the test results using 31-day MA-MSD method are similar 
to the results using 11-day MA-MSD method. The test results of Tables 7 and 8 are summarized in 
Table 9. From this table, we can conclude that there is weather effect in Hong Kong and Shenzhen 
stock markets, and that the efficiency of the Shenzhen stock market has been considerably increased 
since the QFII plan as a result of the participation of foreign institutional investors. 

Table 9. Number of significant weather dummy variable. 

 
HSI  SZI  

 Whole Pre-QFII Period Post-QFII Period 
11-day MA-MSD 2 2 2 0 
31-day MA-MSD 0 1 3 1 

Note: Numbers in this table indicate the significance of weather dummy variable at least 10% level. 

6. Conclusions 

The literature of anomaly suggests that weather conditions can affect people’s emotional state 
or mood and prevent them from making reasonable decisions. The impact of weather on the 
investor’s decision-making process can be reflected in the movement of stock returns. 

In this regard, this study investigates the effects of meteorological conditions on the Hong Kong 
Stock Exchange and the Shenzhen Securities Exchange on the 11-day (and 31-day) MA-MSD method. 
We also explore the impact of the QFII plan on foreign investors to enable them to participate in the 
Shenzhen A-stock market and assess the weather effects on stock returns. Thus, this study explores 
the origin and nature of efficiency in Chinese stock markets and analyzes the change of the efficiency 
due to stock market openness policy from the perspective of behavioral finance.  

Our empirical analysis, under the assumption that domestic investors would be more sensitive 
than foreign investors to the local weather conditions in Shenzhen, provides three key findings. First, 
there is a weak evidence for the effect of weather on the returns of the Hong Kong Exchange, but a 
relatively strong effect of weather on the returns of the Shenzhen Exchange. This result may indicate 
that the Shenzhen Exchange is less efficient than the Hong Kong Exchange. Second, there are some 
significant effects of weather on the returns of Shenzhen market during the pre-QFII period, but the 
effects have been considerably weakened during the post-QFII period. This finding suggests that the 
efficiency of the Shenzhen stock market has been largely improved after the QFII plan as a result of 
foreign institutional investors’ participation. The evidence is consistent with the finding of Kang et 
al. (2010) who show the effect of weather on the Shanghai B-share market after domestic investors 
are allowed to participate in that market. Third, although foreign investors are consisted of a small 
proportion of the total capitalization in the Chinese stock markets, the QFII reform has generally led 
to enhance the informational efficiency of the markets.  

These findings suggest that the existence of a meteorological effect on stock returns raises 
questions about the efficiency of the Chinese stock market and that incorporating weather factors 
into the asset pricing model can be useful in analyzing the dynamics of the Chinese stock market. 
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