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Abstract. This study investigates the local weather effects on investor
sentiment as well as returns in the China’s stock market. For this purpose, a
comparative evaluation is performed by making both econometric analysis and
fuzzy logic-based examination. In the first stage, in the second stage, interval type
2 (IT2) fuzzy DEMATEL and TOPSIS methods are used respectively for evaluating
the performance of stock markets in the selected provinces of China. On the other
side, linear regression analysis is made to reach this objective. In this framework,
stock returns of China A-shares for the period of 1 January 2011 - 31 December
2017 are taken into consideration. The results of these two different analyses are
quite consistent. The findings indicate that investors feel more optimistic about
stocks and are more inclined to invest when sunlight is stronger. In addition to this
issue, it is also concluded that investors are more inclined to invest in local stocks
because of home bias and this situation leads to increase in the local stock market
returns. Therefore, in bad weather, it would be appropriate to receive incentives to
facilitate investors to trade on the stock exchange. For example, it is important to
take measures to reduce the problems of investors' motivation, such as
inaccessibility of session rooms and slow delivery of orders.
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1. Introduction

Weather is an important environmental factor on which human beings
depend for survival and development. It greatly affects and restricts human
activities. However, human beings continue to be affected by the weather of their
surroundings. Human beings become optimistic, cheerful, and confident during
sunny days and become pessimistic and negative during gloomy days. Investors
consider rational economic factors when making investment decisions but are also
driven by subjective emotions in making decisions. The consequences of this
emotionalization are eventually reflected in the capital market. Therefore, the
capital market will also be affected by investor sentiment (Hill and Viceisza, 2012).

In particular, although China’s stock market has developed late, there are
several investors. According to the statistics of the China Securities Regulatory
Commission, as of March 2019, there are more than 150 million investors in the
Chinese stock market, of which small and medium-sized investors are the majority,
accounting for more than 75% of the investors and their proportion of shares is
over 50% (Wen et al., 2019). Compared with institutional investors who focus on
fundamental value analysis, small and medium investors, who prefer technical
speculation, are more susceptible to subjective mood swings. Therefore, studying
investor sentiment and the generation and performance of various irrational
behaviors is of great significance for formulating relevant policies, protecting the
rights of small and medium-sized investors, strengthening the investor protection
system, and ensuring the healthy development of the capital market during the
economic transition period in China (Hou et al., 2019).

As the national economy’s barometer, the stock market plays an important
role in its stability and development. As a result of immature market economy
mechanisms in China, several market anomalies such as the Sunday effect and the
month effect exist in the Chinese stock market, making a series of market signals
such as stock prices and dividend policy dysfunctional to some extent. Traditional
financial theory, which is based on the assumption of an economic man, cannot
fully interpret the relation between aggregate stock return performance and investor
behavior solely on the basis of traditional economic factors because they cannot
explain stock market anomalies (Abbas et al., 2019).

Irrational investors, whose trading strategies are based on psychological
factors like mood and emotion, also have an impact on aggregate stock market
performance (Shi et al., 2019). In recent years, behavioral finance has emerged as a
new approach to interpret market anomalies, with the development of financial
theories (Wei et al., 2019). Psychological evidence suggests that factors such as
light, air quality, and the human body clock have an effect on investor sentiment.
This paper explores the impact of sunshine, which is an important weather
phenomenon, on the stock returns of core cities in China (Chen, 2019).
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In this study, it is aimed to evaluate the local weather effects on investor
sentiment and stock market growth. In order to reach this objective, a comparative
evaluation is performed by making both econometric analysis and fuzzy logic-
based examination. In the first stage, linear regression analysis is made whereas
IT2 fuzzy DEMATEL and TOPSIS methods are used respectively for evaluating
the performance of stock markets in the selected provinces of China in the second
stage. To make up for this shortcoming, data from five core cities, Beijing,
Shanghai, Shenzhen, Hangzhou, and Suzhou, has been considered in this paper to
explore the impact of local weather, especially natural light, on stock returns from
a geographic perspective. These five cities are located throughout the country and
are economically developed. They rank among the top cities in the world in terms
of the number of listed companies, market value, transaction amount, and number
of business outlets. Furthermore, they are important because they represent the
Chinese stock market.

Therefore, it is possible to say that there are three main hypotheses in this
study. The first hypothesis is that there is a negative correlation between cloudy
skies and stock returns. In other words, the company’s stock returns will be greater
in case of the fact that the cloud coverage is lighter. While looking at this
hypothesis, it can be understood that geographical factors do influence investors’
decision-making. In addition to this issue, the second hypothesis is that there is a
negative correlation between cloud coverage and stock returns in different cities.
On the other side, the final hypothesis indicates that the weather’s influence on
companies’ stock returns varies depending on the company’s characteristics. That
is to say, specifically, small, volatile, profit-thin companies are more sensitive to
the weather’s influence.

There are many different novelties of this study. In the first aspect, five
core cities of China (Beijing, Shanghai, Shenzhen, Hangzhou, and Suzhou) has
been firstly considered in this paper with respect to the impact of weather
conditions on stock market performance. In addition to this situation, another
important novelty of this study is considering both econometric and fuzzy logic-
based analyses together. By making econometric analysis, it is possible to
understand the relationship with the help of numerical values. On the other side,
fuzzy multi-criteria methods give also significant results under uncertain
conditions. For instance, fuzzy DEMATEL approach is mainly preferred to weight
different factors and create impact relation map between them. On the other hand,
TOPSIS methodology is used to rank different alternatives. Additionally, with
respect to the fuzzy logic, expert opinions are taken into consideration. Hence, it is
believed that using both numerical values and expert opinions has an increasing
effect on the originality of this study.

This study consists of five chapters. In this introduction, which is the first
part, general concepts related to the subject are discussed. The second part includes
literature review. In this section, the studies are divided into three different parts.
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Firstly, studies on the effect of weather on stock exchanges are discussed.
Subsequently, studies on the concept of localized trading tendency were
considered. In the last part of the literature review, studies taking into account the
methods used in the study are included. In the third part of the study, the theoretical
background of the methods used in the analysis is explained. On the other hand, in
the fourth part of the study, analysis results are shared. In the last section, the
findings are given. In this section, the findings are compared with the studies in the
literature.

2. Methodology

Two different analyses are performed in this study. Firstly, 1T2 fuzzy
DEMATEL and TOPSIS methods are considered to see the impact of local weather
on the return rates of local stock markets. In the second step, linear regression
methodology is used for the same purpose. In this title, these three methods are
explained.

Decision making trial and evaluation laboratory entitled DEMATEL is
firstly used by Geneva Research Centre of the Battelle Memorial Institute to figure
out the degrees and direction of mutual relationship between factors (Jeng and
Tzeng, 2012; Patil and Kant, 2014). IT2 fuzzy sets is the generalization of fuzzy
sets by considering the upper and lower membership functions at the same time. A
is the type 2 fuzzy set and the membership function is p5¢,), x € X and u € J,
[0,1] (Mendel et al. 2006).

A={(w i) e X vue s e 011) or A= [, [, 50, e o] (1)

Where [ is the union over all admissible x and u and wzi(x,u) are limited
between 0 and 1. [ is presented by X for discrete universes of discourse. When the
value of uz(x,w) is 1, A is given as

A = foXfuejx ﬁ ]x & [0'1] (2)

AV is the upper trapezoidal membership function and A% is the lower
trapezoidal membership function. The function is detailed as follows

A= (40,48) = (ol alh alh atl Hy (AY), o (AY)), (oby aby ab aby o (48), (A1) (3)

Where ali,a%,al,al,,aly,ak, ak,ak, are the reference values of A4;.
H; (A7) is the membership value of the element aiU(j+1)' The value of j is between 1

and 2. However, the essentials of the 1T2 fuzzy sets are given in the following
formulas
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“Tl @Az = (A'll]'/ﬁ) 5] (Alzj'gé)
= ((aﬂ + ajy,af, + aj,, af; + ays, af,

+ afyymin (Hy (A7), Hy(49)), min (H(40),H,(42)) ), (at,

+ak,, ak, + ak,, ak; + aks, by

abysmin (H (A0) 4 (), min (,(20), 1, (11))) ) 0
A, 04, =(4Y,4%) e (4Y,4%)

= ((ats — ot — ot ataty

— afyymin (Hy (A7), Hy(49)), min (H(40),H,(42)) ), (at,

— Qf,, A%, — G353, i3 — G55, 074

— abysmin (Hy(A5),Hy (), min (Hy(A4), By (Ag)))) )
A1 ® Az = (Aﬁ’,fﬁ) X (Alzl:gé)

= ((aﬂ X ajy,af, X af,, afs X a3, af,

x ay; min (Hy(42), Hy (7)), min (Hy(42), H,(49)) ). (et

X a3y, a1, X Ay, Af3 X G33,a%,
 abmin (1,20, 1, (29) min (20, 1,22 ) ©
KAy = (k x aly, ke x afy k x als k

x aly; Hy (A7), Hy (A7), (K x @by, k x aky, ke X als, k

x afy; Hy (A1), Hy ("H)) (7)
A 1 1 1 1 _ _ 1 1 1
71 = <E X aﬂ% X ai’z% X ai’s@ X aiy; Hy (Alf)'Hz(Alf)> ) <E X afp; X afz’E

1 - -
oty abys (D), (1) ®

The steps of the modified DEMATEL are illustrated as follows
(Baykasoglu and Golcuk, 2017). The first step is to define the direct relation

matrix. The matrix Z in the trapezoidal fuzzy form is given as Zij =
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(aij, bij, c¢ij, d;j; Hy (zg), H, (zg)) , (ei}-,fi}-, 9ij» hij; Hy (ziLj), H, (zle)) and the
matrix is illustrated in the following equation.

l
l

0 Z12 Zln
Z21 0 ZZn
5| : . 9)
7y I, S
~ 714724 73,..7n
7= Z +Z°+Z°+--Z (10)
n
Next step is to apply the normalization procedure for the matrix as
Xll X12 Xln
X21 X22 X2n
_an Xn2 Xnn_
g =2 (B B B o) ) ) (B 2 2 B e ) (12)
r = max (maxy<izn Xs Zo, M@ <izn Ximn Zot, ) (13)
The third step is to define the total relation matrix as follows
B 0 a'12 a‘ln_ i 0 h'12 hlln_
ay,, 0 - eoal, hy 0 - o h,
X4=| P cee e |y e Xp=| o (14)
_a'nl alnz 0 i _hlnl hln2 0 i
T:%imi+iz+ + X* (15)
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t~11 t~12 fln
fﬂ fzz :[;n
F=| . (16)
_fnl f;]z f;m_
£ = (a”ij' b"ij e d" s Hl(fiju)'Hz(fiju))'(e"ij'f"u'g"u'h”iﬁHl(fijL)' Hz(fuL)) (17)
[a"i] =Xax U =X)L, [075] =Xy x U —Xp)7? (18)

The following step is to compute the defuzzied values of total relation
matrix. For that, the defuzzification method of Kahraman et al. (2014) is selected
as

(uy=lp+Byxmyy=Lp+aygxmyy=Ly) (up=lp)+Bpxmy =+ xmy=1;)
1 +ly+ T +1f,

Defr = (19)

2

Where a and B are the maximum membership degrees of the lower
membership function, and uy, [ are is the largest and least possible values of the
upper membership function. However, m,; and m,; are the consecutive elements
of the upper membership function, u,, I, are the largest and least possible values of
the lower membership function. Also, m,; and m,; are other elements of the lower
membership function.

DefT =T = [tij]an ’ l‘l] = 1'2’ L (20)
~ def
Di ) =r= [Z?=1 tif]nxl = (ri)nxl = (7‘1, e T ""Tn) (21)
~ def / !
R; = y= [Z?=1 tif]lxn = (yf)lxn - (yl' Vi ...,yn) (22)

(5i+ﬁi)defdefines the weights of criteria, and (ﬁi—ﬁi)def shows the
impact and relation degrees among the criteria.

Technique for Order Preference by Similarity to Ideal Solution,
abbreviated as TOPSIS, is firstly used in 1980s for ranking the elements in the
finite set according to the maximized and minimized distances from the ideal
solutions (Hwang and Yoon, 1981). Computation process of this method is
summarized as the following.

The first step is to normalize the values with the vector normalization
Xij

m 2
Y X

rij = (23)

wherei=1,2,3,...m,and j =1,2,3,...n
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The second step is to weight the values of decision matrix as

Vij = Wij X1y (24)

The third step is to compute the values of positive (A*) and negative (A7)
ideal solutions for the benefit and cost criteria.

At = {vlj,vzj, ...,vmj} = {maxvlj forVv je n} (25)

A = {vlj,vzj, ...,vmj} = {minvlj forVv je n} (26)

The following step is to calculate the distances to the best (D;") and the
worst (D;") values

Df = [Tpi(vy - 47)’ @
b7 = [Spi(vy —47)’ (28)

The fifth step is to compute the relative closeness degrees are calculated to
provide the final results

Dy
RC; = D7+ (29)

Where RC; is the values between 0 and 1.

The first step of the study was to test for collinearity with the variance
inflation factor (VIF) test to eliminate multicollinearity interference.

The second step was to integrate the stock data from all five cities and
explore the relationship between local weather patterns and stock market returns
through multiple linear regression analyses. After constructing the model, we found
that the institutional investor shareholding ratio and gross regional product values
were not strong enough in and of themselves to explain the return rates, and for this
reason, the following linear regression equation was formulated (30):

Return, = a + f;Cloud, + B,Change, + f;Lnvalue, + f,Lndeal, + s Aver,
+ & (30)

The third step was to construct the following multi-linear regression model
(31) using weather variables and control variables from the various cities to regress
A-share stock market return rates and explore their correlation.

Return;, = a + p,Cloud; + B,Change;, + fzLnvalue; .
+ BuInvest; . + PsLndeal;, + BsAver; s + f,GDP;, + &;,(31)
i: five cities

The fourth step was to separate all companies based on the board where
they are listed: the main board and the SME board/the growth enterprise market
(GEM) board. Most of the companies listed on the main board are large,
established companies with large-scale capitalization and consistent profitability.
We constructed the linear regression model (32) for two types of company
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characteristics. Using the weather variable and control variable, we performed a
regression analysis on the stock market return rate.

Return;; = a + p;Cloud;; + p,Change;; + B3Lnvalue;,
+ ByInvest;, + BsLndeal;, + feAverj, + f,GDP;, + ¢&;.(32)
j: the main board and the SME board/the growth enterprise market (GEM) board.
The fifth step was robustness testing, using weather variables and control variables
to perform regressions on the B-share market data to verify whether the results in
this research are only applicable to the A-share market.

3. An Analysis on Chinese Stock Market

The present study assesses the impact of local weather on the return rates
of local stock markets. Local weather is used as the explanatory variable, and the
stock market return rate is the explained variable. This paper uses the local cloud
coverage as the proxy indicator of local weather. We selected company size,
transaction volume, turnover rate, institutional shareholding ratio, local average
turnover rate, and local gross domestic product (GDP) as control variables. The
definitions of the explanatory variable and the explained variable are shown in
Table 1.

Table 1. Variable Definitions

Variable Name | Symbol Definition
Return Rate Return (Today’s closing price/Yesterday’s closing price — 1

(V1) ) x 100%

Cloud Coverage The day’s sunlight. Little cloud coverage and strong

Clouds .

(V2) sunlight.

Com?\e}r;))/ Size Lnvalue Natural Logarithm of total market value.

Trading volume . .
(Va) Lndeal Natural logarithm of trading volume

Turnover Ratio Change Trading Volume/Circulating Capital

(V5)

Ratio of stocks
held by Invest Institutional investor shares/circulating shares
institutions (V6)

Local Turnover

Average (V7) Aver Average of local trade volume
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The gross regional product index refers to the relative
Gross Regional GDP number of trends and the extent of the GDP over a
Product (V8) given time period. (The index is calculated based on the

previous year at a constant price.)

In Table 1, the larger the company, the greater the influence. Large-scale
companies are attractive to investors, resulting in improved stock liquidity, which
in turn affects the stock price and the return rates. Cloud coverage means the sun is
shining, and only a few clouds are present in the sky. Little cloud coverage makes
investors feel refreshed and clear-headed, and they are more optimistic about the
stock market. They tend to invest in stocks, increasing the stock return rate and the
turnover ratio. Turnover ratio represents a certain degree of stock liquidity and
affects the rate of return. The proportion of institutional ownership is the
institutional shareholding ratio that to a certain extent shows the optimism about
the stock market. Trading volume is negatively correlated with liquidity, thus
affecting the rate of return. The turnover average is the total local average turnover
rate, which represents the stock-flow of the day in a certain locality, and thus
affects the return rate. The gross regional product reflects the trends and extent of
growth of the GDP over a certain period of time in a certain locality. The higher
the local GDP, the easier it is to generate stock trading, which has an impact on the
rate of return.

This paper takes the daily stock data of A-listed stocks from five cities,
Beijing, Shanghai, Shenzhen, Hangzhou, and Suzhou, and uses them as research
samples. R-studio and Microsoft Excel software were utilized to explore the impact
of local weather on the stock market return rate. This research was conducted from
January 1, 2011 to December 31, 2017. A total of 1,075 publicly listed companies
are included in the selected samples, and a total of 1,021,481 data sets were
obtained. A total of 309,359 sets of sample data are taken from Beijing; 258,739
sets are from Shanghai; 271,873 sets are from Shenzhen; 116,332 sets are from
Hangzhou; and 65,060 sets are from Suzhou.

The institutional investor ratio data that is used for this research comes
from the Resset database; the GDP index comes from the National Bureau of
Statistics (www.stats.gov.cn); and other stock market data comes from the Taiwan
Economic Journal Southeast Asia financial database. Local weather data comes
from Weather Underground (The Weather Company, an IBM service)
(www.wunderground.com), which does not directly provide cloud coverage
information but instead discloses weather conditions related to cloud coverage such
as clear, partly cloudy, overcast, and other descriptions. Values are assigned
ranging from 1 to 7.5, which are converted to represent different levels of cloud
coverage: 1 - clear; 2 - clear to partly cloudy; 2.5 - partly cloudy; 3 - cloudy (or
rainy); 4 - Overcast (or light rain, light snow); 4.5 - light to moderate rain, showers,
thunderstorms, sleet, or light to moderate snow; 5 - moderate rain (or fog or
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moderate snow); 5.5 - medium to heavy rain; 6 - heavy rain; 6.5 - rainstorms; 7 -
storms; and 7.5 - heavy rain.

Integrated decision-making approach with two stages including IT 2 fuzzy
DEMATEL and TOPSIS methods is used respectively for evaluating the
performance of stock markets in the selected provinces of China. For this purpose,
DEMATEL based on IT2 fuzzy sets is applied for weighting the variables of
investor sentiment with respect to the weather conditions, and then TOPSIS is used
for ranking the stock market performances by the provinces of China. For that, the
mean values of selected provinces are considered to measure the overall
performance of stock markets due to the weather effects.

Details of two stage analysis are given below

Stage 1: Weight the variables with 1T2 fuzzy DEMATEL. 8 variables of
investor sentiment by considering the weather conditions are defined as seen in
Table 1. Three decision makers provide their linguistic evaluations for constructing
the direct relation matrix. The evaluations are converted into the trapezoidal fuzzy
numbers to create the matrix based on IT2 fuzzy sets.In the following steps,
normalization and defuzzification processes are applied according to the steps of
IT2 fuzzy DEMATEL and the final matrix and weighting results are provided in
Table 2.

Table 2. Final relation matrix

V1 V2 V3 V4 V5 V6 V7 V8 Weights

V1| 0.06 0.08 0.10 0.13 0.13 0.11 0.10 0.16 0.124

V2| 0.24 0.06 0.19 0.24 0.25 0.24 0.22 0.27 0.159

V3| 0.09 0.05 0.04 0.08 0.07 0.09 0.09 0.08 0.101

V4| 0.09 0.06 0.10 0.05 0.09 0.10 0.09 0.11 0.114

V5| 0.10 0.05 0.09 0.07 0.05 0.11 0.09 0.14 0.120

V6 | 0.09 0.05 0.12 0.12 0.12 0.06 0.12 0.14 0.128

V7| 0.09 0.06 0.09 0.09 0.13 0.12 0.05 0.15 0.119

V8| 0.10 0.08 0.09 0.12 0.11 0.11 0.08 0.07 0.136

The deffuzzified values of total relation matrix are constructed, and then
the weighting results of variables are computed by using the sums of rows and
columns. According to the results, cloud coverage (V2) is the most important factor
while company size (V3) has relatively weakest importance between the criteria.
Additionally, the averaged value of the relation matrix is considered as the
threshold, and higher value than threshold is assumed that there is an influence on
the other item.

Stage 2: Rank the alternatives with TOPSIS. 5 provinces in China named
Beijing (alternative 1), Shanghai (alternative 2), Shenzhen (alternative 3),
Hangzhou (alternative 4), Suzhou (alternative 5) are selected as the alternative set
and their stock market performances are measured based on investor sentiment
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with the weather conditions. For this purpose, the mean values of variables are
used for constructing decision matrix. In the following process, the weighting
values provided from 1T2 fuzzy DEMATEL are used for weighted decision matrix.
At the final step, the values of Di+ and Di- as well as RCi are computed for ranking
alternatives. Table 3 represents the ranking results of 5 provinces in China on the
investor sentiment with the weather conditions.

Table 3. The Performance results of alternatives
Provinces/Variables | Di+ | Di- | RCi | Ranking results

Beijing (A1) 0.054 | 0.011 | 0.163 5
Shanghai (A2) 0.052 | 0.017 | 0.243
Shenzhen (A3) 0.039 | 0.030 | 0.434
Hangzhou (A4) 0.033 | 0.028 | 0.457
Suzhou (A5) 0.009 | 0.055 | 0.855

RINW&~

According to the final results, Suzhou (alternative 5) is the best
performance as Beijing (alternative 1) has the worst ranking results among the
alternative set for measuring the stock market performance of the selected
provinces in China by considering the investor sentiment with the weather
conditions. However, the regression analysis is also applied for robustness check
and the results are compared for the coherency of the analysis. In the following
section, the results of regression analysis are given in detail.

On the other side, regarding the regression analysis, firstly, descriptive
statistics of the variables are calculated. The details are given on Appendix (Table
Al). By looking at this table, it can be understood that Beijing has a maximum
return rate of 67.22% while the minimum is —16.29%; the mean is 0.096%, and the
median is 0.04%. The rate of return is biased to the right. The data compiled from
the other four cities is roughly the same as that of Beijing. With regard to the mean
average, the rate of return in Suzhou is higher than that of the other four cities,
which is likely due to its mean turnover rate being higher than those of the other
four cities. In terms of sunlight, the average value of Beijing is lower than that of
the other four cities, indicating that Beijing’s level of sunlight is more ample than
that of other cities. This is because of the fact that Beijing is located relatively to
the north, with fewer rainy days than the other cities included in this study. In
addition, the average market value of publicly listed companies in Beijing is higher
than that of other cities because of the concentration of large state-owned
enterprises such as PetroChina and Sinopec. There are no major data differences in
other control variables among the five cities. After that, collinearity test is
performed.

After performing the VIF test, the variance inflation factor did not exceed
5. The correlation between the variables is not obvious. The collinearity can be
controlled. The variables have passed the collinearity test. Based on descriptive
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statistics and the VIF test, multiple linear regressions were performed on the data
obtained. After performing regression analyses on sunlight in the five cities and
their stock market return rates, the “cloud” coefficient remained significantly
negative. The significance level of Beijing, Shenzhen, and Suzhou is 1 percent, and
the significance level of Shanghai and Hangzhou is 5 percent. That is to say, after
considering the “home bias” factor, cloud coverage remained negatively correlated
with the stock market return rate, thus validating Hypothesis 2. According to the
results of the linear regression equation (3), the “cloud” coefficient of the
companies listed on the main board is —0.0134, and the companies listed on the
SME and GEM boards have a “cloud” coefficient of —0.0158, with a significance
level of 1%. This shows that the SME and GEM companies are more sensitive to
changes in sunlight than those listed on the main board.

This study explored the linear relationship between the weather variables
of five cities and the return rate of China’s overall A-share market. For the sake of
robustness analysis, the stock return rate of the B-share market was selected for this
study, and weather variables were used to conduct the regression. Because of the
fact that Beijing and Suzhou have no B-share listed companies, this research only
regressed the B-share data from Shanghai, Shenzhen, and Hangzhou. The results
are shown in Table 4.
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Table 4. B-shares, Sunlight and Stock Market Returns Regression Analysis

Results

Shanghai Shenzhen Hangzhou

C 12.87723 24.01123 21.30114*
(1.342) (1.615) (2.070)

Cloud —0.02995 —0.10640 —0.06983*
(-1.289) (—1.876) (=2.124)

Lnvalue 0.08074 —0.08173 —0.14963*
(0.97) (-0.262) (-2.368)

Change 0.54591*** 1.41525*** 1.14162***
(9.634) (5.686) (5.288)

GDP —0.12476 —0.20057 —0.17470
(~1.458) (-=1.719) (-1.911)

Invest —0.43758%* —0.59082 —0.43526
(—2.888) (-1.215) (~1.748)
Lndeal —0.03369 —0.17581 —0.06971
(-0.863) (=1.79) (=0.690)
Aver —0.10698* 0.05006 0.07223
(-2.518) (0.782) (1.311)

Obs. 6200 1198 1704
R2 (%) 2.576 3.817 4.366

Note : *, ** and *** are at 10%, 5%, and 1% significance levels respectively.

As seen in the results of Table 4, the B-share data returned from the three
cities of Shanghai, Shenzhen, and Hangzhou shows that the “cloud” coefficient
remains negative, which is consistent with the regression of the A-share market.
So, it can be inferred that the effect of sunlight on the stock market return rate does
not change based on the change of selected samples. The conclusions drawn above
are also applicable to the B-share market. However, because of the small number
of samples obtained from B-share stocks, the level of significance is affected to a
certain extent with only Hangzhou remaining at 10%.

4. Conclusions

In this study, it is aimed to evaluate the local weather effects on investor
sentiment as well as returns in the China’s stock market. In order to reach this
objective, a comparative evaluation is performed by making both econometric
analysis and fuzzy logic-based examination. First of all, linear regression analysis
is made to the stock returns of China A-shares for the period of 1 January 2011 - 31
December 2017. On the other side, in the second stage, 1T2 fuzzy DEMATEL and
TOPSIS methods are considered respectively for evaluating the performance of
stock markets in the selected provinces of China.
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The results of these two different analyses are quite coherent. According to
the results, cloud coverage is defined as the most important factor. However,
company size has relatively weakest importance between the criteria. In addition to
them, it is also concluded that cloud coverage affects the other variables
systematically whereas company size does not influence any variables of investor
sentiment with the weather conditions. Nevertheless, gross regional product is the
most influenced factor among the variable set.

On the other side, it is also defined that Suzhou is the best performance as
Beijing has the worst ranking results among the alternative set for measuring the
stock market performance of the selected provinces in China. Furthermore, a
robustness check is also performed with the regression analysis compared for the
coherency of the analysis. The analysis results demonstrate that the cloud
coefficient is negative and significant for Beijing, Shenzhen, and Suzhou. Because
two different analyses provide parallel results, it can be understood that they are
consistent.

The results demonstrate that investors feel more optimistic about stocks
and are more inclined to invest when sunlight is stronger. On the other side, it is
also identified that investors are more inclined to invest in local stocks because of
home bias and this situation causes increase in the local stock market returns.
Hence, it would be appropriate to receive incentives to facilitate investors to trade
on the stock exchange in bad weather. As an example, it is important to take
measures to reduce the problems of investors' motivation, such as inaccessibility of
session rooms and slow delivery of orders.

In the analysis process of this study, both IT2 fuzzy DEMATEL, TOPSIS
and regression analysis are taken into consideration. Hence, it is aimed to increase
the originality. However, the main limitation of this study is focusing on Chinese
stock market. In the future studies, another evaluation can be conducted with
different methodology, such as ANP, AHP, MOORA, ELECTRE and VIKOR. On
the other side, other approaches in behavioral finance can also be used in the
evaluation.
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