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Volatility is one of the most important instruments in 
economics and finance. Prices of commodities have 
shown large fluctuations. High volatility of one 
commodity today may impact the volatility of another 
commodity tomorrow. In this paper, I apply the Ljung-
Box Q tests using the GARCH (1,1) model estimated 
by Quasi-Maximum Likelihood (QML) to find 
volatility spillover among auto and steel industry, coal 
and oil industry, food and agriculture industry, toys and 
gold industry, as well as agriculture and gold industry 
from a large dataset containing 49 different industries 
based on the daily returns and price index from 2010 to 
2019. 

Abstract

Introduction

The empirical model is: 

(1) 𝑌! = 𝑎 + 𝑏"𝑌!#" + 𝑏$𝑌!#$+. . . +𝑏!𝑌!#% + 𝛾′𝑋! + 𝜎!𝑒!
𝑌!: returns for an industry, value of the variable Y at 
time t, for t =1, 2, 3,…, n
𝑝: time lag 
𝑋!: other control variables: federal funds' effective rate 
and 5-year breakeven inflation rate with time lags
𝜎!: conditional volatility, modeled as GARCH (1,1)
𝑒!: error term, iid (0,1) (expected value of e is 0, 
variance of e is 1)

Based on (1), the null is:
𝐻" = 𝑐𝑜𝑟𝑟 𝑒# !

$ − 1, 𝑒$ !
$ − 1 = 0 for h = 1, 2,…,H 

for industry "1" and "2"
𝑒(&,!) for i = 1,2 are the GARCH model errors for price 
returns 𝑌(&,!)

Write compactly:
2 𝑌(",$) = 𝑎 + 𝑏&𝑌$'& + 𝑏(𝑌$'(+. . . +𝑏$𝑌$') + 𝛾′𝑋$ + 𝜈(",$)

where 𝜐! = 𝜎!𝑒!
The way I choose the time lag 𝑝 is that I pick the 
smallest 𝑝 such that 𝜐! appears to be uncorrelated. 

Empirical Model

The strength of the data source is that there are few 
other data sources online providing daily observations 
and reliable daily returns for different industries. 
Additionally, the data source provides more recent and 
more observations than other data sources available 
online. Moreover, the data source was collected and 
calculated in a more reliable manner than other data 
sources. Three different indexes like NYSE, AMEX, 
and NASDAQ stock were applied to an industry 
portfolio to make the dataset. This is beneficial when I 
apply time series in the GARCH (1,1) the empirical 
model with time lags. One of the key variables is the 
returns for the same industry at different periods with 
different time lags. Other independent variables are 
federal funds' effective rate with time lags and the 5-
year breakeven inflation rate with time lags. 

Data

Conclusion
The purpose of my thesis is to study volatility spillover 
across commodity markets for pairs agriculture and 
food, agriculture and gold, coal and oil, auto and steel, 
toys and gold industry using Ljung-Box Q test using 
the GARCH (1,1) model estimated by Quasi-
Maximum Likelihood (QML). By applying data on 
daily returns of 49 different industries from Dr. Ken 
French’s website as well as the Fred website, I 
compute Q statistics and obtain p values for the 5 pairs 
(two directions) when time lag is 1, 5, and 10. To make 
the results and conclusion more reliable, I plot the 
cross-correlation sample correlation plots for the 5 
pairs with two directions, using the 95% confidence 
interval. I also make the subsample analysis 
(subsample 2010-2014 and subsample 2015-2019) by 
computing the Q statistics for the two subsamples and 
compare each one with the whole sample 2010-2019. 
There are several differences between the subsamples 
and the whole sample. However, the differences only 
exist at lag1 and lag 10 for certain industries. 

Key summary of findings for the whole sample 2010-
2019: 

There is volatility spillover from agric to food, food to 
agric as expected. 
There is volatility spillover from coal to oil, oil to coal 
as expected. 
There is volatility spillover from steel to auto, auto to 
steel as expected. 
There is no volatility spillover from toys to gold, gold 
to toys as expected. 
There is no volatility spillover from agric to gold 
but there is volatility spillover from gold to agric (not 
as expected). 

Acknowledgements

I would like to thank my advisor, Dr. Jonathan Hill, for 
his mentorship and guidance. From brainstorming the 
potential research topics, providing the impetus for this 
research, to constructing the empirical models, this 
research project would not have been made possible 
without his immeasurable amount of support. I would 
also like to thank Dr. Klara Peter for providing the 
entire class with clearly organized and well-
prepared lectures. Finally, I would like to thank my 
classmates for helping me after every presentation 
and after classes. 

The knowledge about the spillover of financial 
information from one market to another gained 
considerable attention over the last few decades 
(Jebran, 2014). It is hypothesized that the changes in 
market volatility are related to the volatilities of 
macroeconomic variables. In present value models 
such as those of Shiller (1981), changes in the 
volatility of either future cash flows or discount rates 
cause changes in the volatility of stock returns. This 
macroeconomic hypothesis can be confirmed by 
exploring volatility spillover and its properties. 

My research contributes to the current literature by 
applying existing models into new datasets with daily 
returns for the auto and steel industry, coal and oil 
industry, food and agriculture industry, toys and gold 
industry, as well as agriculture and gold industry. I 
analyze the empirical volatility-based correlations 
between each pair and investigate how much volatility 
in one sector in the past affects the volatility in another 
sector at present. What I find is that there is a high 
correlation between the residuals of coal and oil, steel 
and auto industry. The high correlation occurs when 
lag = 1, 5, and 10. Volatility spillover effects exist 
between coal and oil, auto and steel, agriculture and 
food in the whole sample 2010-2019. 
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Results
Volatility spillover tests for coal and oil industry

For tests of volatility spillover from coal to oil at horizons 
{1,5,10} the p-values are {2.1024, 0, 0}.
For tests of volatility spillover from oil to coal at horizons 
{1,5,10} the p-values are {2.3679, 0, 0}.

Volatility spillover tests for auto and steel industry

For tests of volatility spillover from auto to steel at horizons 
{1,5,10} the p-values are {5.4401, 0, 0}.
For tests of volatility spillover from steel to auto at horizons 
{1,5,10} the p-values are {0, 0, 0}.

Volatility spillover tests for agriculture and gold industry

For tests of volatility spillover from argic to gold at horizons 
{1,5,10} the p-values are {.4196, .6470, .4167}.
For tests of volatility spillover from gold to argic at horizons 
{1,5,10} the p-values are {.0505, .0127, .0013}.
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