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Main conclusions from the conducted study

Summary and key results

The time-varying link between the prices of oil and the US dollar exchange rate
and its determinants as the subject of investigation

Two-step approach:
extraction of the time-varying correlation using a DCC GARCH model
disentangling the determinants of this measure using a SBVAR model

Main findings:
the nature of the link between oil prices and the dollar:

prevailing negative relationship between oil prices and the dollar
tighter relationship in the wake of the GFC but weakening after 2016H1
sharp drop of the DCC during the VIX spike on the 6th of February, 2018

the sources of this co-movement:
changing role of the US economy on the global oil market
preferences towards risk
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Research question

Motivation (1)

Is there a link between oil prices and the US dollar exchange rate?

That goes without saying.

What is the nature of this relationship?

Well, that’s complicated.
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Literature Review

Theoretical works point to bi-directional relationship...

Why is it obvious that oil prices and the US dollar exchange rate should be
jointly considered?

Theoretical channels explain the bi-directional relationship:
terms of trade channel (Amano and van Norden, 1995)
wealth effect and portfolio reallocation channel (Krugman, 1983; Golub, 1983)
denomination and adjustment channel (Haughton, 1989; Blomberg and Harris,
1995)

Conclusions from empirical analyses far from unanimous:
Positive relationship between oil prices and the dollar with causality running from
oil prices to exchange rates in general (e.g. Amano and van Norden, 1998ab; Chen
and Chen, 2007)
Negative relationship with causality running from exchange rates to oil prices (e.g.
Akram, 2009; Wu, Chung and Chang, 2012; Beckman and Czudaj, 2013; Zhang,
2013; McLeod and Haughton, 2018)
Mixed evidence (Lizardo and Mollick, 2010, Fratscher, Schneider and Robays,
2014)
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Literature Review

...but potentially changing over time.

Evidence on the nexus between oil prices and exchange rates across economies
less varied:

Oil prices generally as an important source of exchange rate variability in:
G7 economies (e.g. Chen and Chen, 2007; Lizardo and Mollick, 2010)
small open economies (e.g. Turhan, Hacihasandoglu and Soytas, 2013; Bayat,
Nazlioglu and Kayhan, 2015)
OPEC economies (e.g. Nikbakht, 2010)
emerging African and Asian economies (e.g. Mensah, Obi and Bokpin, 2017)
but contrasting evidence also present (e.g. Chen et al., 2016)

Potential time-varying nature of this link due to:
the emergence of the China’s economy (e.g. Bénassy-Quére, Mignon and Penot,
2007)
financial integration around the GFC (e.g. Ding and Vo, 2012; Wu, Chung and
Chang, 2012) and throughout financial turbulences (e.g. Reboredo and Rivera-
Castro, 2013; Turhan, Hacihasandoglu and Soytas, 2013; Reboredo, Rivera-Castro
and Zebende, 2014; Beckman, Berger and Czudaj, 2016; Habib, Butzer and
Stracca, 2016)
the choice of sample (Coudert and Mignon, 2016)
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Literature Review

Different approaches are undertaken to the modelling...

Various approaches towards modelling the oil-dollar nexus:

1 Linear and non-linear, univariate and multivariate cointegration analyses (e.g.
Amano and van Norden, 1998ab; Bénassy-Quére, Mignon and Penot, 2007; Mo-
hammadi and Jahan-Parevar, 2012; Beckmann and Czudaj, 2013; Zhang, 2013;
Coudert and Mignon, 2016; Mensah, Obi and Bokpin, 2017; McLeod i Haughton,
2018)

2 Structural vector autoregressions (e.g. Akram, 2009; Brahmasrene, Huang and
Sissoko, 2014; Chen et al., 2016)

3 Two-step procedures (e.g. Chen and Chen, 2007; Yang, Cai and Hamori, 2018)
4 Dynamic conditional correlation models (e.g. Brayek, Sebai and Naoui, 2015;

Yang, Cai and Hamori, 2018)
5 Statistical methods, e.g. copulas, wavelets, fluctuation analyses (e.g. Reboredo

and Rivera-Castro, 2013; Reboredo, Rivera-Castro and Zebende, 2014; Beck-
mann, Berger and Czudaj, 2016)
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of the co-movement between oil prices and the dollar
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Figure: The evolution of the daily crude oil futures WTI prices (black solid line) and the
dollar nominal effective exchange rate (red solid line) since January 2005 (an increase
resembles an appreciation).
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The two-step procedure: DCC part

Step 1: The DCC model

First, I consider a DCC model (Engle, 2002):

yt = ut + εt ∧ εt = H
1
2

t νt ∧ Ht = DtRtDt

where: t = 1, . . . ,TDCC , TDCC = 3314
ut – mean equation with intercepts
εt – variance equation modelled with DCC structure under the assumptions:
E [εt ] = 0 and E [εtε

′
t ] = Ht

Univariate GARCH models selected according to BIC
Multivariate GARCH models estimated under different assumptions:

two-step estimation using QMLE procedure yielding consistent and asymptotically
normal estimators (e.g. Engle and Sheppard, 2001)

Retrieving r12,t from Rt as the dynamic conditional correlation (co-movement)
between oil prices and the dollar

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 12/36

Univariate model selection results
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The two-step procedure: DCC part

The data used for the estimation of the DCC model

Baseline choice of variables

Label Description Periodicity Time span Transformations Source

WTIF futures WTI oil prices daily 2005-01-01 - 2018-03-31 ln(·), ∆ Bloomberg
USNB nominal effective exchange rate daily 2005-01-01 - 2018-03-31 ln(·), ∆ BIS

of the dollar (broad index, 61 economies)

For robustness purposes

Label Description Periodicity Time span Transformations Source

WTIS spot WTI oil prices daily 2005-01-01 - 2018-03-31 ln(·), ∆ Bloomberg
USNN nominal effective exchange rate daily 2005-01-01 - 2018-03-31 ln(·), ∆ BIS

of the dollar (narrow index, 26 economies)

Table: The table presents the data used for the estimation of the DCC models.
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The nexus between oil prices and the US dollar 13/36
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The two-step procedure: SVAR part

Step 2: The SVAR model

Second, I consider a structural VAR model:

D0xt = D1xt−1 + D2xt−2 + · · ·+ Dpxt−p + Fzt + εt

where: t = 1, . . . ,TVAR , TVAR = 159
xt = (x1,t , x2,t , . . . , xn,t)

′
– vector of endogenous variables n × 1 (n = 9),

zt – vector of exogenous variables (constant term)
p – number of lags (p = 12),
ε – structural disturbances orthogonal to each other with normal distribution
εt ∼ N(0, In)

Block exogeneity of variables assumed
Bayesian estimation of the reduced-form VAR with the Minnesota scheme
Cholesky factorization to obtain the structural form of the VAR

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 14/36
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The two-step procedure: SVAR part

The data used for the estimation of the SVAR model

Label Description Periodicity Time span Transformations Source

MPL interest rate accounting for monthly 2005-01 - 2018-03 - Wu
unc. monetary policy measures and Xia (2016)

VIX global risk aversion index daily 2005-01-01 - 2018-03-31 x̄ Bloomberg
DVL conditional volatility of the dollar daily 2005-01-01 - 2018-03-31 σ̂t from Bloomberg,

univariate GARCH with t own calc.
Student error dist., x̄

EMR conditional volatility of the daily 2005-01-01 - 2018-03-31 σ̂t from Bloomberg,
capital flowing to emerging markets univariate EGARCH with t own calc.

Student error dist., x̄
INV oil inventories in the US weekly 2005-01-01 - 2018-03-31 s.a., US DOE,

x̄ , τ̂ own calc.
PRD oil production in the US weekly 2005-01-01 - 2018-03-31 s.a., US DOE,

x̄ , τ̂ own calc.
RAT US trade balance deficit of monthly 2005-01 - 2018-03 s.a., US GDP disaggregated US Census, BEA,

petroleum products to the US GDP and quarterly using Dentone-Cholette own calc.
FUT the position of the noncommercial weekly 2005-01-01 - 2018-03-31 x̄ , τ̂ CFTC,

investors on the oil market own calc.
DCC dynamic conditional correlation daily 2005-01-01 - 2018-03-31 implied by DCC(1,1) own calc.

between WTIF and USNB -MVT-GARCH, x̄

Table: The table presents the data used for the estimation of the SVAR model. x̄ -
monthly average of higher frequency data, τ̂ - detrended.
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Estimation procedure

Block exogeneity assumed

MPL VIX DVL EMR INV PRD RAT FUT DCC

MPL * * * * * * * 0 0
VIX * * * * * * * * 0
DVL * * * * * * * * 0
EMR * * * * * * * * 0
INV * * * * * * * 0 0
PRD * * * * * * * 0 0
RAT * * * * * * * 0 0
FUT * * * * * * * * 0
DCC * * * * * * * * *

Table: The table presents the assumed block exogeneity. The restrictions have not
been tested formally. Instead they follow an economic intuition. Here ∗ denotes an
unconstrained reaction, whereas 0 in the ith row and jth column indicates that the
variable j does not influence the variable ith in the ith equation.
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Estimation procedure

Cholesky identification scheme employed

MPL VIX DVL EMR INV PRD RAT FUT DCC

MPL * 0 0 0 0 0 0 0 0
VIX * * 0 0 0 0 0 0 0
DVL * * * 0 0 0 0 0 0
EMR * * * * 0 0 0 0 0
INV * * * * * 0 0 0 0
PRD * * * * * * 0 0 0
RAT * * * * * * * 0 0
FUT * * * * * * * * 0
DCC * * * * * * * * *

Table: The table presents the Cholesky factorization scheme. Here ∗ denotes an un-
constrained reaction of a given variable following a specific shock.
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Estimation procedure

Summary of the modelling process

QML estimation of the DCC GARCH model:
different structures and error distributions considered
the selection of the baseline model according to BIC

Bayesian estimation of the SVAR model using the Minnesota scheme:
autoregressive coefficient β0 = 1
overall tightness λ1 = 0.2
cross-variable weighting λ2 = 0.5
lag decay λ3 = 1
exogenous variable tightness λ4 = 1000
block exogeneity shrinkage λ5 = 0.005
weight on the dummy initial observation prior λ6 = 1
weight on the sum-of-coefficient prior λ7 = 1
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Robustness check for the DCC and the SVAR models

Approach towards robustness check

Selecting proxies for oil prices and the US dollar exchange rate
1 spot WTI prices instead of futures prices
2 narrow nominal effective exchange rate

Estimating different DCC structures:
1 symmetric and leverage effects
2 multivariate normal, t and Laplace error distribution

Manipulating the VAR model
BS β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
1 β0 = 0, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
2 β0 = 1, λ1 = 0.1, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
3 β0 = 1, λ1 = 0.4, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
4 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 1.000, λ6 = 1, λ7 = 1, p = 12
5 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 2, λ7 = 2, p = 12
6 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 6
7 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12,

different ordering of variables

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 19/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Robustness check for the DCC and the SVAR models

Approach towards robustness check

Selecting proxies for oil prices and the US dollar exchange rate
1 spot WTI prices instead of futures prices
2 narrow nominal effective exchange rate

Estimating different DCC structures:
1 symmetric and leverage effects
2 multivariate normal, t and Laplace error distribution

Manipulating the VAR model
BS β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
1 β0 = 0, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
2 β0 = 1, λ1 = 0.1, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
3 β0 = 1, λ1 = 0.4, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
4 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 1.000, λ6 = 1, λ7 = 1, p = 12
5 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 2, λ7 = 2, p = 12
6 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 6
7 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12,

different ordering of variables

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 19/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Robustness check for the DCC and the SVAR models

Approach towards robustness check

Selecting proxies for oil prices and the US dollar exchange rate
1 spot WTI prices instead of futures prices
2 narrow nominal effective exchange rate

Estimating different DCC structures:
1 symmetric and leverage effects
2 multivariate normal, t and Laplace error distribution

Manipulating the VAR model
BS β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
1 β0 = 0, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
2 β0 = 1, λ1 = 0.1, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
3 β0 = 1, λ1 = 0.4, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
4 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 1.000, λ6 = 1, λ7 = 1, p = 12
5 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 2, λ7 = 2, p = 12
6 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 6
7 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12,

different ordering of variables

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 19/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Robustness check for the DCC and the SVAR models

Approach towards robustness check

Selecting proxies for oil prices and the US dollar exchange rate
1 spot WTI prices instead of futures prices
2 narrow nominal effective exchange rate

Estimating different DCC structures:
1 symmetric and leverage effects
2 multivariate normal, t and Laplace error distribution

Manipulating the VAR model
BS β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
1 β0 = 0, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
2 β0 = 1, λ1 = 0.1, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
3 β0 = 1, λ1 = 0.4, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
4 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 1.000, λ6 = 1, λ7 = 1, p = 12
5 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 2, λ7 = 2, p = 12
6 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 6
7 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12,

different ordering of variables

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 19/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Robustness check for the DCC and the SVAR models

Approach towards robustness check

Selecting proxies for oil prices and the US dollar exchange rate
1 spot WTI prices instead of futures prices
2 narrow nominal effective exchange rate

Estimating different DCC structures:
1 symmetric and leverage effects
2 multivariate normal, t and Laplace error distribution

Manipulating the VAR model
BS β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
1 β0 = 0, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
2 β0 = 1, λ1 = 0.1, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
3 β0 = 1, λ1 = 0.4, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
4 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 1.000, λ6 = 1, λ7 = 1, p = 12
5 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 2, λ7 = 2, p = 12
6 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 6
7 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12,

different ordering of variables

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 19/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Robustness check for the DCC and the SVAR models

Approach towards robustness check

Selecting proxies for oil prices and the US dollar exchange rate
1 spot WTI prices instead of futures prices
2 narrow nominal effective exchange rate

Estimating different DCC structures:
1 symmetric and leverage effects
2 multivariate normal, t and Laplace error distribution

Manipulating the VAR model
BS β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
1 β0 = 0, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
2 β0 = 1, λ1 = 0.1, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
3 β0 = 1, λ1 = 0.4, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
4 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 1.000, λ6 = 1, λ7 = 1, p = 12
5 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 2, λ7 = 2, p = 12
6 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 6
7 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12,

different ordering of variables

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 19/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Robustness check for the DCC and the SVAR models

Approach towards robustness check

Selecting proxies for oil prices and the US dollar exchange rate
1 spot WTI prices instead of futures prices
2 narrow nominal effective exchange rate

Estimating different DCC structures:
1 symmetric and leverage effects
2 multivariate normal, t and Laplace error distribution

Manipulating the VAR model
BS β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
1 β0 = 0, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
2 β0 = 1, λ1 = 0.1, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
3 β0 = 1, λ1 = 0.4, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
4 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 1.000, λ6 = 1, λ7 = 1, p = 12
5 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 2, λ7 = 2, p = 12
6 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 6
7 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12,

different ordering of variables

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 19/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Robustness check for the DCC and the SVAR models

Approach towards robustness check

Selecting proxies for oil prices and the US dollar exchange rate
1 spot WTI prices instead of futures prices
2 narrow nominal effective exchange rate

Estimating different DCC structures:
1 symmetric and leverage effects
2 multivariate normal, t and Laplace error distribution

Manipulating the VAR model
BS β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
1 β0 = 0, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
2 β0 = 1, λ1 = 0.1, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
3 β0 = 1, λ1 = 0.4, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
4 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 1.000, λ6 = 1, λ7 = 1, p = 12
5 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 2, λ7 = 2, p = 12
6 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 6
7 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12,

different ordering of variables

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 19/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Robustness check for the DCC and the SVAR models

Approach towards robustness check

Selecting proxies for oil prices and the US dollar exchange rate
1 spot WTI prices instead of futures prices
2 narrow nominal effective exchange rate

Estimating different DCC structures:
1 symmetric and leverage effects
2 multivariate normal, t and Laplace error distribution

Manipulating the VAR model
BS β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
1 β0 = 0, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
2 β0 = 1, λ1 = 0.1, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
3 β0 = 1, λ1 = 0.4, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12
4 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 1.000, λ6 = 1, λ7 = 1, p = 12
5 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 2, λ7 = 2, p = 12
6 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 6
7 β0 = 1, λ1 = 0.2, λ2 = 0.5, λ3 = 1, λ4 = 1000, λ5 = 0.005, λ6 = 1, λ7 = 1, p = 12,

different ordering of variables

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 19/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Outline

1 Summary

2 Motivation and Literature Review

3 Methodology and Data

4 Results

5 Conclusions

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 20/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Estimation results for the DCC part

The estimation results

DCC-MVN DCC-MVT DCC-LAPLACE ADCC-MVN ADCC-MVT ADCC-LAPLACE

W
TI

µWTIF 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
ωWTIF -0.0506 *** -0.0506 *** -0.0506 *** -0.0506 *** -0.0506 *** -0.0506 ***
αWTIF -0.0581 *** -0.0581 *** -0.0581 *** -0.0581 *** -0.0581 *** -0.0581 ***
βWTIF 0.9936 *** 0.9936 *** 0.9936 *** 0.9936 *** 0.9936 *** 0.9936 ***
γWTIF 0.0942 *** 0.0942 *** 0.0942 *** 0.0942 *** 0.0942 *** 0.0942 ***
λWTIF 12.1915 *** 12.1915 *** 12.1915 *** 12.1915 *** 12.1915 *** 12.1915 ***

US
N
B

µUSNB 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ωUSNB 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
αUSNB 0.0451 *** 0.0451 *** 0.0451 *** 0.0451 *** 0.0451 *** 0.0451 ***
βUSNB 0.9503 *** 0.9503 *** 0.9503 *** 0.9503 *** 0.9503 *** 0.9503 ***
λUSNB 7.1625 *** 7.1625 *** 7.1625 *** 7.1625 *** 7.1625 *** 7.1625 ***

D
CC

A 0.0080 * 0.0076 ** 0.0059 ** 0.0080 * 0.0077 ** 0.0060 **
B 0.9882 *** 0.9885 *** 0.9890 *** 0.9882 *** 0.9884 *** 0.9886 ***
Γ 0.0000 0.0002 0.0010
Λ 9.9945 *** 9.9884 ***
BIC -13.7123 -13.7738 -13.6093 -13.7099 -13.7714 -13.6071
TDCC 3314 3314 3314 3314 3314 3314

Table: The estimates of different DCC GARCH models. *** denotes significance at
α = 0.01, ** denotes significance at α = 0.05, * denotes significance at α = 0.10.
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Estimation results for the DCC part

Diagnostic tests for variables and standardized residuals

McLeod-Li (1983) test Engle and Sheppard (2001) test

WTIF εWTIF USNB εUSNB

Lag: 1 205.569 *** 14.658 *** 84.989 *** 0.006 61.656 ***
5 1237.112 *** 18.436 *** 348.699 *** 1.545 127.320 ***

10 2083.991 *** 21.482 ** 619.087 *** 8.684 262.013 ***
25 4059.887 *** 38.938 ** 1096.414 *** 21.980 560.537 ***
50 6906.907 *** 74.666 ** 1794.497 *** 38.981 1253.486 ***

Table: The table presents the results of the McLeod-Li (1983) test for ARCH effects and
the Engle and Sheppard (2001) test for constant conditional correlation. *** denotes
significance at α = 0.01, ** denotes significance at α = 0.05, * denotes significance at
α = 0.10.
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Estimation results for the DCC part

Sensitivity of the DCC to different model specifications
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Figure: The graph presents the estimates of the dynamic conditional correlation between
oil prices and the dollar from the baseline model (black solid line) and the min-max
corridor constructed based on the estimates from competing specifications.
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Estimation results for the DCC part

Statistical significance of the link between oil prices and the dollar
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Figure: The graph presents the estimates of the dynamic conditional correlation between
oil prices and the dollar from the baseline model (black solid line) and the 90% confidence
interval calculated using delete-d-jackknife method. The dashed lines represent the CCC
and unconditional correlation between variables.
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Estimation results for the DCC part

Weakening of the oil-dollar correlation and the VIX spike
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Figure: The graph presents the estimates of the dynamic conditional correlation between
oil prices and the dollar from the baseline model since July 1st, 2016 (black solid line)
and the 90% confidence interval calculated using delete-d-jackknife method. The dashed
lines represent the CCC and unconditional correlation between variables.
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Estimation results for the DCC part

Robustness check with respect to the choice of variables
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Figure: The graph presents the estimates of the dynamic conditional correlation between
oil prices and the dollar from the baseline model (black solid line), when spot oil prices
are considered instead of futures and when narrow definition of the NEER is used instead
of broad.
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The results of the SVAR estimation

Impulse response functions

Figure: The figure presents the median response of the DCC to shocks from the other
variables, the 68% confidence bands, and the 90% confidence bands.
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The results of the SVAR estimation

Forecast error variance decomposition of DCC

h MPL VIX DVL EMR INV PRD RAT FUT DCC

1 0% 4% 8% 1% 7% 5% 10% 2% 64%
6 2% 7% 9% 1% 4% 2% 16% 1% 58%

12 3% 8% 9% 1% 4% 3% 19% 0% 53%
24 3% 9% 8% 2% 4% 10% 19% 0% 44%
36 3% 9% 7% 3% 6% 10% 23% 0% 39%
48 3% 9% 7% 3% 6% 10% 26% 0% 37%

Table: The table presents the forecast error variance decomposition of the variable DCC
across several horizons.
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The results of the SVAR estimation

Historical decomposition

Figure: The figure presents the contribution of different shocks to the deviation of the
DCC from its long-term mean implied by the SVAR model.
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The results of the SVAR estimation

Robustness check

Figure: The figure presents the median response of the DCC following the shock from
other variables and the min-max corridor for median responses from alternative model
specifications.

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 30/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Outline

1 Summary

2 Motivation and Literature Review

3 Methodology and Data

4 Results

5 Conclusions

Karol Szafranek Narodowy Bank Polski, Warsaw School of Economics
The nexus between oil prices and the US dollar 31/36



Summary Motivation and Literature Review Methodology and Data Results Conclusions

Recap of main findings

Conclusions

The time-varying link between the prices of oil and the US dollar exchange rate
and its determinants as the subject of investigation.
Two-step estimation process consisting of the use of the DCC GARCH model
(for estimating the measure of market dependence) and the SBVAR model (to
disentangle the sources of correlation variation).
Main takeaways:

prevailing negative relationship between the oil prices and the dollar
tighter relationship in the wake of the GFC but weakening after 2016H1
changing role of the US economy on the global oil market and uncertainty as
main sources of the time-varying dependence between the prices of oil and the
dollar

Findings robust to different model specifications.
Will the weakening continue? Currently a question for the Magic 8-Ball.
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Thank you.
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Summary statistics
WTIF USNB

mean 0.000 0.000
std. dev. 0.024 0.003
variation coeff. 199.513 118.811
asymmetry 0.176 0.266
kurtosis 4.610 4.114
minimum -0.131 -0.022
percentile

1% -0.061 -0.009
5% -0.037 -0.005
10% -0.026 -0.004
50% 0.001 0.000
90% 0.026 0.004
95% 0.035 0.005
99% 0.064 0.009

maximum 0.164 0.024
JB 2951.945 *** 2376.162 ***
ADF -42.260 *** -40.249 ***
ARCH 205.569 *** 84.989 ***
ρUNC -0.222 ***
TDCC 3314 3314

Table: The table presents the summary statistics for the logarithmic rate of change of
oil prices and the dollar exchange rate. *** denotes significance at α = 0.01.
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The choice of the univariate GARCH models

WTIF

NORM SNORM STD SSTD GED SGED NIG GHYP JSU
SGARCH -4.968 -4.967 -4.987 -4.986 -4.981 -4.981 -4.984 -4.983 -4.985
EGARCH -4.984 -4.984 -4.997 -4.996 -4.993 -4.993 -4.995 -4.994 -4.996

GJRGARCH -4.979 -4.979 -4.993 -4.993 -4.989 -4.989 -4.991 -4.990 -4.992
APARCH -4.980 -4.980 -4.994 -4.993 -4.990 -4.989 -4.992 -4.990 -4.993

CSGARCH -4.965 -4.964 -4.983 -4.982 -4.978 -4.977 -4.981 -4.979 -4.981

USNB

NORM SNORM STD SSTD GED SGED NIG GHYP JSU
SGARCH -8.693 -8.692 -8.743 -8.742 -8.731 -8.730 -8.739 -8.739 -8.741
EGARCH -8.690 -8.689 -8.742 -8.740 -8.729 -8.728 -8.737 -8.738 -8.739

GJRGARCH -8.691 -8.690 -8.741 -8.739 -8.728 -8.727 -8.736 -8.737 -8.738
APARCH -8.674 -8.672 -8.717 -8.717 -8.714 -8.713 -8.700 -8.719 -8.722

CSGARCH -8.688 -8.688 -8.738 -8.737 -8.726 -8.725 -8.733 -8.734 -8.735

Table: The table presents the values of the BIC for estimated univariate GARCH models.
The lowest BICs are reported in bold. Different GARCH specifications are listed in rows,
whereas in columns different distribution of errors are considered.
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The data for the SVAR model

Figure: The figure presents the variables used in the estimation of the VAR model.
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