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Abstract

In this paper, we dissect the influence of plunge in oil prices into three parts. To begin with, the analysis
of relationships between oil price fluctuation and US stock prices in different industries reveals that
industry sensitivities to changes in oil prices can be asymmetric. Our research shows significant
interaction between most industries and oil prices. Further study uses a VAR-GARCH model to
estimate hedge ratios across 30 industries. At the micro level, we propose general strategies and
effectiveness metrics for institutional investors to construct their hedging portfolios. At the macro level,
the global market is experiencing a reallocation of wealth across different categories of countries. After
a literature review of researches associated with oil price declines in history, we discuss the current
decline’s impact on economies. Based on an extended model of Hamilton’s analysis, we demonstrate
that oil while exporting countries are having a hard time, importers will enjoy small rises in their GDP.
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Contents currently in its deepest downturn since the 1990s. While oil

production is not declining fast enough in the United States

Introduction 1 and other countries, that could begin to change this year. De-

1 Industry sensitivities to oil price 2 mand for fuels is recovering in some countries, but it still

1.1 Measurement of differential impact on stocks . . . 2

requires a year or two for crude price recovery. Thus oil price
plunge will continue affecting everyone: producers, exporters,

1.2 Augmented Fama-Frenchmodel .. .......... 2 governments, and consumers.
1.3 Estimation of industry sensitivities . . . ... .. ... 3 At the micro level, changes in the price of oil, a key
2 Hedging strategies factor in the production process, affect financial performance
for institutional investors 4  and/or cash flows of firms, in turn influencing firms’ dividend
2.1 VAR-GARCH model for volatility spillover . . ... 4  payments, retained earnings, and equity prices [12]. In 2008,
2.2 Hedging effectiveness in various industries . ... 7 Nandha and Faff [20] studied the short-term link between
. T . oil prices and thirty-five DataStream global industries. They
2.3 Adverse impact on institutional investors . . . . .. 7 f L . ;
) i ound that price rises have a negative impact on all but the oil
2.4 Strategies to hedge or rebalance portfolios ....7 ;4 gas industries. Later research shows that the relationships
3 Macro impacts of oil price decline 7  between oil prices and industry stock returns actually differ
3.1 Sovereign wealthfunds . ................. 7  from country to country and from industry to industry. For
3.2 Redistributive effectsonwealth . ... ......... 8 example, while oil prices have a negative influence on the
returns of transport industry in developed economies, there
3.3 Impacts on global growth ................. 8 appears to be no evidence of a significant role for oil price in
4 Discussion 9  Asian and Latin American countries [19].
References 10 Our report first focuses on analyzing the relationship be-

Introduction

Driven by the plunging price of a barrel of oil, which has
fallen more than 70 percent since June 2014, oil industry is

tween oil price fluctuations and US stock prices in various
industries. From the viewpoint of portfolio management, af-
ter identifying the heterogeneity of industry sensitivities to
oil, we can find means of diversification during oil price de-
cline. We also attempt to propose strategies for institutional
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investors (e.g. in the world of endowments, foundations, and
coorperate and public pension plans) to hedge or rebalance
their portfolios.

At the macro level, drop in oil prices deeply affects var-
ious categories of countries as well as financial stability in
general. While no two countries will experience the drop
in the same way, they share some common traits. Oil im-
porters among advanced economies and emerging markets
benefit from higher household income, lower input costs, and
improved external positions. Oil exporters will take in less
revenue, and their budgets and external balances will be un-
der pressure. In the last part of this report, we analyze the
redistributive effects on wealth and macroeconomic impact
on global growth.

1. Industry sensitivities to oil price

1.1 Measurement of differential impact on stocks
In this part, we will examine the differential impact of oil
price and oil return volatility on excess stock returns and
return volatilities of thirteen different industries in the U.S.
economy. Understanding whether oil price changes constitute
a systematic asset pricing risk at the industry level is essential
for making appropriate investment and corporate management
decisions. Four major types of industries are studied [7]:

e oil-substitute (Coal, Electric and Gas Utility)

e oil-related (Oil Extraction, Petroleum Refinery)

e oil-user (Building, Chemical, Plastic, Metal, Machin-
ery, Transportation Equipment, Air Transportation)

¢ financial (Depository Institutions, and Insurance)

1.1.1 Data Sources

To investigate the relationship between U.S. industry stock
returns and oil price changes, daily data from December 11,
1998 to December 28, 2015 are used.

The return on one-month crude oil futures (ROF), traded
on the New York Mercantile Exchange (NYMEX), is used as
the oil return variable and it is calculated as log(p;/p;—1) (p
is the price of one-month oil futures). The one-month futures
data are used mainly for the following two reasons. First, spot
prices are more heavily affected by temporary random noise
than the futures prices are [23]. Also, for firms engaging in
hedging, the effectiveness of such hedging activities is usually
judged by the variability of corresponding futures prices.

For stock returns in various industries, we use Ken French’s
industry returns data'. The portfolios include all NYSE,
AMEX, and NASDAQ firms with the necessary data (ex-
cept several breakpoints with only NYSE firms). The excess
market return (RM) is the value-weight excess return of all
CRSP firms incorporated in the US and listed on the NYSE,
AMEX, or NASDAQ that have a CRSP share code of 10 or

accessed from the datasets “Industry Portfolios” in Febu-
rary 2016 at http://mba.tuck.dartmouth.edu/pages/
faculty/ken.french/data_library.html

11 at the beginning of month ¢, good shares and price data at
the beginning of ¢, and good return data for ¢.

The three Fama—French factors include the excess return
on the market (RM), the performance of small stocks relative
to big stocks (SM B, Small Minus Big), and the performance
of value stocks relative to growth stocks (HML, High Minus
Low) 2. SMB accounts for the elements of risk associated with
firm size, and HML accounts for elements of risk associated
with valuation. In general, industries with high SMB coeffi-
cients tend to move together with low market capitalization
firms, while industries with high HML coefficients are more
likely to be strongly correlated with value stocks [9].

1.1.2 Endogenous break point identification
In analyzing the aforementioned time series data sets, we
allow the break points to be determined endogenously. To
investigate the possibility of structural breaks, we applied the
Zivot and Andrews (ZA) test procedure [24] to the full sample
period. Similar to the ADF and PP tests, the Z&A test has, as
its null hypothesis, that the dynamics of the respective series
are characterised by a unit root. However, the Z&A test makes
allowance for the possible existence of an one-off structural
change under the alternative hypothesis. This is an attractive
feature of the test since Zivot and Andrews have demonstrated
that the ADF and PP tests have low power in the presence of
a structural break.

Based on our criterion described above, we iterate the
procedure and identify four breaks from Apr 4, 1983 to Feb 1,
2016:

November 20, 1985
June 24, 2004

September 22, 2008
September 24, 2014

(t-statistic = -4.4664 )3
(t-statistic = -4.2998 )
(t-statistic = -4.4399 )
(t-statistic = -3.2179 )

As is shown in Figure 1, there were a number of significant
oil-related events surrounding these dates *.

We will conduct the following estimation within a sub-
period from September 2008 to September 2014. During
this period, the Augmented Dicky—Fuller (ADF) test statis-
tics exceed the critical values at the one-percent level in all
cases. Therefore, the null hypothesis of unit root is rejected
across all industries. Data from September 2014 to the end
of 2015 will be employed in our out-of-sample analysis for
forecasting evaluation and understanding portfolio investment
implications of the in-sample results.

1.2 Augmented Fama-French model
To describe the impact of crude oil-futures return and its
volatility on industry stocks, we can describe the industry ex-

2accessed from the datasets “Historical Benchmark Returns”

in Feburary 2016 at http://mba.tuck.dartmouth.edu/
pages/faculty/ken.french/data_library.html
3For significance level at 0.1, critical value = -4.58.
4Source for annotation: Hamilton, James, “Historical Oil Shocks,”
Unniversity of California; various news sources; Goldman Sachs
Global Investment Research.
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Figure 1. Break points identified with Z&A test

cess stock return (ER; ;) as a function of the three Fama—French
factors, daily return on one-month crude oil futures (ROF;),
and conditional volatility of oil futures return (CVOF,):

ER; =ay+ aiRM; + a)SMB; + asHML; + a4ROF;_ (D)
+asCVOF,_1 + &

Some recent researches have shown that the relationship
between oil and economic activity is not entirely linear. In
fact, negative oil price shocks (price increases) tend to have
larger impacts on growth than positive shocks do [16, 4]. To
empirically distinguish asymmetry in sensitivities of various
industries to oil price shocks, the model is revised as follows:

ER, =ap+ a1RM, + a,SMB, +asHML, +a; D,_|ROF," |
2
+ay (1—D;—1)ROF,_, +asCVOF,_; + ¢,

in which D;_ is a dummy variable taking a value 1 if ROF
is positive and 0 if it is negative. Accordingly, if aj{ and
a, are not statistically different from each other, there is no
asymmetry to oil price increases and decreases in this model.

The GARCH (1,1) specification, introduced by Bollerslev
[3], is used to model industry returns and their conditional
volatility (h;;), and to trace the persistence of shocks to in-
dustry returns. We utilize a two-step process in introducing
conditional volatility of oil futures returns into modeling stock
returns. In the first step, the daily conditional volatility of oil
futures returns (CV OF) is generated from an Auto-Regressive-
GARCH model (AR (8)-GARCH (1, 1)). The lag structure in
this model is selected by using the Akaike Information Crite-
rion (AIC). In the second step, this data series is subsequently
used in estimating the industry return models.

hy = Po+ ﬁlt‘:,z,] + Bohy—1 + B3CVOF,_ 3)

To capture the fat-tail property of the return distribu-
tion, the analytical specification of the model for each in-
dustry is based on t-distribution of the error term [2], i.e.
&ll—1 ~1(0,h,v),t =1,2,3,...,T (I,_; denotes the informa-
tion available at time # — 1). The log-likelihood function with

the t-distribution with variance (/,;) and degree of freedom
V € (2,+o0) takes the following form is

InL =T [mr <V21) —InT (%) —0.5In(x(v— 2))}
)

05y [lnht—&-(v—&-l)ln (1+M‘fz_2)>]

t=1

Then the parameter vector @ = [ay, B, vi;k =0,1,....5;1 =
0,1,...,3;i = 1] can be estimated using the maximum likeli-
hood technique.

1.3 Estimation of industry sensitivities

1.3.1 Empirical results

Estimation of the augmented Fama-French factor model above
using GARCH (1,1) framework gives sensitivities of all in-
dustries examined (see Table 2).

It is important for investors to fully account for the differ-
ences in oil sensitivities when implementing industry-based in-
vestment strategies. However, it is reasonable to be concerned
whether industry sensitivities to oil prices can be precisely
estimated.

1.3.2 Estimation risk for oil price betas

As is shown in the empirical results, industry sensitivities to
changes in the price of oil can be asymmetric. Also, the oil
price betas depend on whether oil is an input or an output,
as well as the indirect effect of oil prices on the industry
[22]. More specifically, industry sensitivities depend on the
degree of competition and concentration, and on the capacity
to transfer oil price shocks and minimize the impact of these
shocks on its profitability [5].

It is noteworthy that weekly data may better capture the
interaction of oil and stock price changes than daily or monthly
data. Using weekly data in the analysis instead of daily data
significantly, in general, reduces potential biases that may
arise such as the bid-ask effect, non-synchronous trading days,
etc. Also, it has advantage over using monthly data since the
latter may have some bearing on asymmetry in responses of
stock returns to oil price shocks [11].

1.3.3 Causality tests

The unconditional correlation between crude oil price returns
and returns of stocks in various industries is visualized in
Figure 2, which varies greatly from 0.0237 to 0.9339 for
US. To further examine the relationships between oil price
changes and industry stock returns, we conducted Granger
causality test between return series. In this section, we use
daily WTI Crude Oil Spot Price for oil price, and daily value
weighted average returns for 30 industry portfolios within the
same sample period (from September 2, 2008 to December 28,

Saccessed from “WTI Crude Oil Spot Price Cushing, OK
FOB” dataset at https://www.quandl.com/data/DOE/
RWTC-WTI-Crude-0il-Spot-Price-Cushing-OK-FOB
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Figure 2. Correlation between crude oil price and value
weighted average return of 30 industries

Table 1. F-statistics of Granger causality test
(critical value at 10% sig. level is 2.7083)

Food Beer Smoke Games Books  Hshld
0—S 27444 146.66 13931 25482 27545 197.71
S—0 10.14 5.28 4.42 0.29 2.63 7.75

Clths Hith Chems  Txtls Cnstr Steel
00— S 189.15 17723 444.58 186.20  363.39 44536

S—0 023 2.73 5.86 1.13 1.99 3.56

FabPr EIcEq Autos Carry Mines Coal
O0—S8 55677 37929 300.11 291.67 566.83 550.19
S—0 4.19 4.71 4.36 3.94 1.75 2.75

Oil Util Telem Servs BusEq Paper
O0—S 12989 309.57 30528 26444 30027 299.97
S—0 1034 14.73 4.26 1.36 1.32 2.67

Trans ‘Whlsl Rtail Meals Fin Other
O0—S 21327 31285 16098 183.24 22629  228.55
S—0 204 2.72 0.23 0.73 1.80 5.61

2015). Since some variables as well as their bilateral effects
can be very sensitive to the time lag in analysis, we implement
the tests for lags ranging from 1 to 10. Then the lag length is
chosen using the Bayesian Information Criterion.

As is shown in Table 1 ©, there is bidirectional causality
between oil price changes and Automobiles and Trucks, Food
and Beverages, Oil and Gas, Utilities industries, and Con-
sumer Goods. Unidirectional Granger causality from oil to
stock returns is significant for Recreation, Apparel, Retail, and
Financials. To sum up, causality test results further demon-
strate the significant interactions between oil prices and stock
prices in most industries. Such causality relationship implies
the possibility of improving predictability of oil price or stock
price using information from specific industry stocks and the

SFor S — O, the null hypothesis is that there is no causality
from stock market returns to oil price changes. For O — §, the null
hypothesis is that there is no causality from oil price changes to stock
market returns.

oil market [21]. These results also help us understand that
despite the relative exogeneity of oil prices, macroeconomic
and financial variables do affect world oil prices as well [8].

2. Hedging strategies
for institutional investors

In addition to market level analysis, industry-level analysis
is crucial in revealing the effects of oil price shocks masked
by the aggregate stock market effect. The knowledge of the
relative sensitivities of industry stock returns to changes in
oil prices would be of benefit for risk management purposes.
As is demonstrated by Mohamed Arouri et al, taking the
cross-market volatility spillovers estimated from the VAR-
GARCH models often leads to diversification benefits and
hedging effectiveness better than those of commonly used
multivariate volatility models such as the CCC-GARCH of
Bollerslev (1990), the diagonal BEKK-GARCH of Engle and
Kroner (1995), and the DCC-GARCH of Engle (2002) [6].
Thus for hedging purposes, we will use another bivariate
VAR-GARCH model in this part.

2.1 VAR-GARCH model for volatility spillover

For each pair of industry stock returns and oil returns, the
bivariate VAR(1)-GARCH(1,1) model has the following spec-
ification for the conditional mean [17]:

Ri=U+®PR 1+ &
1 5
g=Hn,

where R, = (r5,7%)" is the vector of returns of stock and

oil price respectively. @ is a 2 x 2 coefficient matrix ¢ =
< (2(5)1 (]?2 > ,and & = (¢5,€°)" is the error term vector.
N =(n?, nto)/ refers to a sequence of independently and iden-
tically distributed (i.i.d) random errors. H; = ( h;;fo }Zjoo >

is the matrix of conditional variances of stock and oil returns,
in which

B o= G+ xh  +ogx(g ) (6)
+ Bszth?_1+a522><(££1)2,
B = Co+PBo xh’ +ag x (&) ©)

+ B x ki +ag, x (&)

Let p be the constant conditional correlation, then the condi-
tional covariance between stock and oil returns can be mod-
eled as:

th:px\/ﬁx\/;? ®)
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For simplicity, in this part we do not consider the asym-
metric impact of negative and positive shocks on conditional
variances. The volatility transmission across the oil and stock
markets over time is governed through the cross values of
error terms (i.e. (¢2,)? and (&5 |)?), which capture the im-
pact of direct effects of shock transmission; as well as those
of lagged conditional volatilities (i.e. ° | and i’ ,), which
directly account for the transfer of risk between markets [1].
Therefore, this empirical model simultaneously allows for
long-run volatility persistence, as well as shock and volatil-
ity transmissions between the oil and stock markets. The
parameters of the above bivariate model can be obtained by
quasi-maximum likelihood estimation (QMLE), which is ro-
bust to any departure from normality conditions [17].

2.2 Hedging effectiveness in various industries

For investors hoping to hedge adverse impacts from oil price
movements with stocks, the situation can be interpreted as an
optimization problem to minimize the portfolio risk without
reducing expected returns. Follow the works by Kenneth
Kroner et al, we know that for a portfolio consisting of crude
oil and stocks from various industries, the optimal weight of
oil holding is [14, 13]:

s — O

0 (f hP —2h50 +h} <0
hS—hSO hs_hso
SO 1 t . t t
wyo = e[0,1]) 9
T o amorns sy €10 O
hS_hSO
1 (if +—"—t—>1)
hO — 2130 + h$

Investors can also determine the optimal hedge ratio S
(hedge 1$ in the oil market with 8/ $ in stocks S;):

5,0
ﬁi _ htl
T .
R

(10)

The average values of optimal weights and hedge ratios for
each industries are listed in Table 3.

After running the portfolio simulations with the optimal
portfolio designs and hedging ratios given above, we can
judge the effectiveness of hedging by examining the realized
hedging errors [15]:

HE — (Varunhedged - Varhedged) :
Var, unhedged

an

in which Varyeggeq is the variance of the return on the oil-stock
portfolios, Var,hedgea 18 the variance of the return on the port-
folio consisting of oil only. A higher HE indicates greater
hedging effectiveness in terms of the portfolio’s variance re-
duction [6]. Intuitively, corresponding hedging strategies
should be more favorable for institutional investors.

2.3 Adverse impact on institutional investors
Institutional investors such as pension funds, investment ad-
visors, and endowments are long-term investors who always

keep a close eye on the volatility of oil prices. Market-wide,
the Bloomberg Commodity Index, which tracks goods like
gold and oil, has fallen by approximately 30 percent since
oil prices began their slide in June 2014. Generally speaking,
energy companies may make up 5 to 10 percent of the kind
of diversified portfolio used by pensions and other retirement
funds. Most major pension plans or retirement plans, unless
they have a very unique approach than other investors, all
have exposure to the recent downward movement.

US and UK institutional investors generally invest a rela-
tively large portion in oil and gas sector covering areas such
as exploration, production, refining, marketing, and storage.
According to MSCI ACWI, pension funds in the U.S. have
about 50% invested in public market equities, with about 8%
in the energy sector. Pension funds in the UK have even larger
exposure to the change of oil price. Since 15% to 18% of
the U.S. high-yield market is exposed to energy, the problem
should be quite pressing for those who invest in high-yield
market.

Falling oil price has both opportunities and pitfalls. Insti-
tutional investors have to balance the adverse impacts on their
portfolio against growth opportunities the situation may create
in other sectors in which they also invested. There is a wealth
transfer, which will have a positive impact on the economy
because the reduced cost in transportation will end up being
spent elsewhere. As for the negative impacts, one of the main
concerns for pension funds would be the link between falling
oil prices and lower inflation. The falling inflation will lead
to lower bond yields with a subsequent rise in liabilities. The
changes in oil price also make equity holders care more about
dividends, and make bond holders worry about the risk of
defaults.

2.4 Strategies to hedge or rebalance portfolios

In order to maintain a stable cash flow and minimize the ex-
posure to oil price declines, institutional investors can hedge
their positions in oil with stocks from various industries. We
use principal component analysis (PCA) in this part to vali-
date the feasibility of such an approach. During the sample
period, a portfolio including (value weighted) stocks from 15
selected industries (i.e. first 15 principal components), for
example, can hedge 91% of the exposure to oil price variation.
A portfolio including (value weighted) stocks from 6 selected
industries (i.e. first 6 principal components) can hedge over
80% of the exposure.

3. Macro impacts of oil price decline

3.1 Sovereign wealth funds

Due to the oil price plunge, the primary oil-exporting countries
are faced with budget deficit for the first time in decades. The
growth rate of assets in sovereign wealth funds, which used to
be rapid is now slowing down. Some of the assets have started
to withdraw from their buffers. In the short term, most oil-
exporting countries have set aside enough buffers to deal with
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temporary drops in oil price. However, what they fear most
is a persistent low level of oil prices and passive reactions of
policymakers.

In the past few decades, oil price stayed at a high position
which leads to huge income buildup. It resulted in current
account surpluses and the accumulation of foreign assets.
Therefore, the governments needed to set up sovereign wealth
funds to manage the increasing scale of assets and income.
The global asset distribution was typical during that period
of time - concentrated in a few countries, with a significant
portion of assets allocated in equities and bonds.

Specifically, the high oil price in early twentieth century
lead to aggregation of the current account for exporters to
$630 billion in 2011. This number is even bigger than the
emerging Asia market combined. However, the accounting
surpluses began to fade away in 2015. What is worse, this oil
price plunge has not shown clear signs of reversing so far. The
prediction in the next five years indicated that current account
balance may recover to approximately $200 billion.

After exploring the empirical impacts of the plunge on
sovereign wealth funds in many typical oil-exporting coun-
tries, we discover that the domestic indicators are significant.
The fallout on global asset pricing is based on the part of
wealth fund which is not hedged by a portfolio composed of
other parts of the market. Also, since this price decrease is
primarily driven by supply factors, it may cut off some paths
of asset aggregation as well. As a consequence, the emerging
Asia (oil importers) is rising in terms of their asset accumula-
tion rate, while oil exporters are enduring a decline of funds.
The strategy to tackle this redistribution of sovereign wealth
funds should be made by oil-exporting countries.

3.2 Redistributive effects on wealth

In general, the overall impact of decreasing oil price is deter-
mined by whether importers have a lower marginal nature to
save compared with exporters. The plunge has brought wealth
to emerging Asian countries and other advanced economies.
The former are always regarded as high-saving countries,
while the latter have a low propensity to save. To view this
from an international prospective, the plunge will lead to
lower saving and higher interest rates. However, the overall
influence on are not easy to state accurately. The savings of
funds and market operations are highly related to current ex-
ternal account balances and governments’ fiscal and monetary
policy.

One thing that needs our attention in the global market
is that oil-exporting countries are those whose wealth funds
are important holders of US treasury debt and private eq-
uity. A back-of-the-envelope calculation shows that before
the decreases of oil prices, countries of the Gulf Cooperation
Council (GCC) alone have a combined fiscal surplus at about
$100 billion in 2015, which is expected to increase to $200
billion in five years. But after the decline, the surpluses trans-
ferred to deficits at $145 billion, which is predicted to be 5
times worse in five years. The changes in net asset of GCC

alone are estimated to reach nearly $1000 billion in the fol-
lowing years. These countries can choose to fund their deficits
by either tapping the debt markets or liquidating reserves.

In general, a decline in foreign exchange reserves places
upward pressure on developed market yields since the bulk
of reserves are allocated to fixed income 7. According to a
recent working paper by Federal Reserve, “if foreign official
inflows into U.S. Treasuries were to decrease in a given month
by $100 billion, 5-year Treasury rates would rise by about
40-60 basis points in the short run.” Gulf producers control
a huge amount of foreign assets and thus play an important
role in these flows after the dramatic plunge in oil prices.
For example, Qatar, Bahrain, Saudi Arabia, Kuwait, Oman,
and the UAE hold approximately $2.5 trillion in combined
reserves 5.

The relationship between governments and oil exporters
is subtle when the oil price is low. Governments will not
be willing to transfer revenues to these funds like before.
According to the study by the IMF, only some of the Middle
East oil exporters has a buffer that may last over 25 years.
Others have a relatively small buffer, for instance, Bahrain
and Yemen are estimated to use up their buffer in two years.
Most of the exporters have an average buffer that will last
four to seven years. If we suppose that they can still borrow
funds to finance their spending, the government will still need
to tighten their belts to reach the aim of maintaining a stable
economic environment and passing the oil wealth to the next
generation.

3.3 Impacts on global growth

To evaluate the wealth redistribution effects across the country
and the net macroeconomic impact on global market, studies
have been conducted to analyze the fallout of oil price on
GDP’s of different countries.

3.3.1 Model

Based on recent literatures on oil prices and macroeconomic
indicators, Mork’s model dealing with the oil price falling in
1980s is a rational choice for explaining the similar situations
[18]. Using empirical data during the sample period, we run
regression of the following linear model:

a4 Bryi—1+ Boyi—2 + Bayi—3 + Payi—a  (12)

+B50;—1 + Bs0i—2 + B10:—3 + Pgos_a + €,

Yt =

in which y, is the annual GDP growth rate in quarter # (and
Vi—1,Y1—2,Y1—3,V;—a are its four lags) 9 and o, is the percent
change of nominal oil price in quarter ¢ (and 0;_1,0;_72,0;_3,
0,4 are its four lags). We apply this regression to eight
countries respectively in order to explain redistributive effect

7Source: Deutsche Bank analysis

8Source: IIF, Deutsche Bank

9We collected nominal GDP data of United States, European
Union and Australia from 1980 to 2015 using Edatasea, together
with the same period oil price data from WTI crude oil price data
sets.
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Figure 3. Quarterly GPD simulation based on oil price
data

and macroeconomic fluctuations of oil exporters, oil importers
and large economies [10].

3.3.2 Model results

In this part, we run the OLS regression of GDP growth rates
against percent changes of oil prices in the United States, Eu-
ropean Union and Australia. These three countries are chosen
as representatives of oil importers and exporters. In general,
all three country’s in-sample GDP can be well explained by
the factors (each country has an R? larger than 0.9). The re-
gression coefficients indicate that an oil price decline gives
rise to an economy decline to some extent in oil exporters like
Australia, but a rise in importers. As is shown in Figure 3,
we may use this model and estimated coefficients to simulate
GDP in selected countries and compare them with real data
in the sample '°. Statistical results of this regression!! are
shown in Table 4.

From the graph above, it is clear that the United States
and European Union are having a growth in their GDP, re-
spectively 1.4% and 0.17%. It is noteworthy that the United
States cannot be simply categorized into oil importers. As
is mentioned above, its treasury bonds are closely related to
sovereign funds. Thus the net effect of comprehensive influ-
ence of oil price drops is a meaningful topic to study about.
For the European Union, the effects seem to be more obvious.

10Quarterly GDP measured in domestic currency of corresponding
countries.
HThe average is taken for last year; (t-1) stands for last quarter.

As one of the largest oil importing economy, its rise in GDP
can be significantly related to the decline in oil prices.

Table 4. Important statistics of regression

Europe UsS Australia
R 0.9886 | 0.9998 | 09984
Dy
( GDPS,»,,,,‘,L,,[»)W 10140 | 1.0017 | 0.9882
(aopmm ) 10041 | 0.9913 | 0.9822
simulate / quarter

3.3.3 Model Evaluation

The model is first used by Hamilton in his research deal-
ing with the oil price decline in 1980s. In a similar situation,
it also fits well to explain the macro economy now. However,
since the model tries to capture strong autocorrelation in data,
it uses only 2 time series to estimate 8 coefficients and 1 con-
stant term. A large number of factors may lead to a high R?,
but it does not necessarily mean that the model tells a good
story.

Despite all the fragility of this model, it is still very popu-
lar in academic researches due to its good explanatory power
and accurate tendency prediction. While it is hard to gener-
alize a model to measure the impacts of falling oil prices on
the global market, policy makers different groups of countries
can get a general idea on how to react. Importers may become
the lenders rather than the borrowers like before. This price
decline should always be an alarm to remind them of the er-
ratic nature of the economy in today’s world.

4. Discussion

In this paper, we first demonstrated the interaction between
oil price and different industries in the stock market. Not
only have oil price declines posed impacts on recreation, ap-
parel, retail and financial industries, these industries are also
affecting the oil price. Our analysis of hedging effective-
ness revealed both the feasibility of constructing portfolios
against oil price exposure, and the potential pressure for those
sovereign wealth funds holding large amount of U.S treasury
bond.

In the last two parts we dissected the macro economy
influence that the oil price plunge has brought about. Specif-
ically, the impacts posed on oil exporters and importers are
usually in opposite directions. Exporters begin to take on their
buffers while importers earn more than before. What requires
our special attention is that the redistribution of wealth on a
global scale and its side effects (e.g. unsteady market, low
market expectation, etc.) will continue to change the market
landscape.

The models used in these analyses composed a relative
completed view from micro to macro level. Even so, our mod-



Measuring and Hedging The Adverse Effects of Oil Price Decline: A Global View — 10/10

els and estimations are inevitably susceptible to uncertainties,
noise, and unsolid assumptions in the analysis that are hard
to eliminate. We will focus on validating model design and
improving robustness of estimation in future work.
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