| nter net Appendix

Networ k topology of dynamic credit default swap curves of energy
firmsand therole of oil shocks



Appendix A: Plots of CDS spread curves and DNSfactors

Figure A.1 shows a three-dimensional plot of theSCfpread curves of Exxon Mobil, Chevron
ConocoPhillips, EOG Resources, ENI, and Enghich reflects a considerable temporal variation
in the level, as well as a commonality that pototghe possible existence of credit co-movement
and spillovers. For example, there seems to benaltsineous increase in the credit curve of
European energy firms during the ESDC and US enemgg during the oil price shock of 2014-
2015, which further motivates our decision to castda connectedness analysis across energy
firms.

Digging into the behaviour of the three defaulttéas for all energy firms under study, Figure A.2
shows that they display some similarity across$ftraspecially the level and slope factors, which
suggests potential spillover effects. However, thgation in curvature is strong and visible. It
appears that the long-term default risk (i.e. Idaetor) across energy firms increases during the
COVID19 outbreak; during the same period, the stesrh default risk (i.e. slope factor) decreases,

suggesting possible upward slope curves.

1 The figures for other firms are available uponuest from the authors.
2 To visually differentiate between the groups of &S] European firms, we feature the default factfr&S
(European) firms with a solid (dashed) line.



Figure A.1. The CDS spreads data of selected US and Europeagysirms

Exxon Mobil Chevron

Note: (Log) credit default swap spreads from 1& 2008 to 19 March 2021 with daily data for selddiems across
10 maturities. The data is presented after logarittansformation.



Figure A.2. DNS factors
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Note. The upper panel shows the level factors, ligdnel shows the slope factors, and the bottamlmhows the
curvature factorsTo visually differentiate between the groups of &l European firms, we show the default factors

of US (European) firms with a solid (dashed) line.



Appendix B: FigureB.1. Rolling connectedness

a). Level
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Note: The connectedness measures are computedebyeanrolling window estimation (260 observatioi$)e variance decomposition is
performed with a forecast horizon of 12 days.
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Appendix C: The cross-quantilogram approach

Following Han et al. (2016), lgt. andx, be two stationary time series wigh = (y1¢, yo:)T € R2
andx, = (x14, x,.)T € R% x R%, We define the conditional distribution functiar ¥;, givenx;,
asF(y,|x,)( Ixi) and the corresponding quantile functiomaga;) = inf {v : Fy 1 (Wlx;e) 2

a;} for a; € (0,1), fori =1, 2. The cross-quantilogramamtjuantiles fok lags is formulated as:

E [l/)al (th - Ch,t(%)) Yo, (yz,t—k - Q2,t—k(a2))]
JE [l/)él (th - Ch,t(%))] \/E [1/)02:2 (}’z,t—k - Ch,t—k(“z))]

pa(k) =

(C.1)

where,, (1) = 1[u < 0] — a reflects the quantile-hit process. We test thé-mypothesis of no

directional predictability (Hy: p,(1) = - = p,(p) = 0) against the alternative hypothesis
(Hy; pa(k) #0) for some(k,a) € {1......... p}. This can be done under the portmanteau test
statistic:
o - (k)
Pa =T(T+2)k1T_k (C.2)

We use the stationary bootstrap of Politis and Rwr{@994) to construct the confidence interval.



Appendix D: Theidentification of oil shocks according to Ready (2018).

Ready (2018) argues that the approach of Kiliar092@o decompose oil price changes is not
vigorous because it relies on monthly data, leathngssociation with contemporaneous or future
oil price changes. In contrast, Ready (2018) yieltishocks at the daily frequency, enabling them
to be studied with financial variables availabletla daily frequency, in our case the daily
interconnectedness of default factors across chedtizons. The new approach of Ready (2018)
refines the decomposition of oil price changes supply shockss;), demand shockid,) and risk

shocks 7;) using information on asset prices. Specificalg various oil price-driven shocks are

identified via a three-dimensional vectZ; = (s, d;, rt)’ and then mapped with the matrix M into

observable variables such as:

Zt = M_th
1 1 1 Aop,
whereM = [0 my; mZB]'Qt = [Prod;]
0 0 mss VIX;

In the abovedop;, Prod; andVIX,, denote oil price changes as measured by the amthnorude
oil futures' returns for the second nearest matiwitthe NYSE, returns for an index of global oil-
producing firms as represented by the World IntiegiaOil and Gas Producer Index, and
innovations of the CBOE US implied volatility indéX1X), respectively.



Appendix E: Results of thetotal default connectednessin tables.

Table E.1. Summary of default spillover analysis — Level fast

Full sample (2008-2021) Global financial crisis European sovereign debt Oil price shock Covid19 pandemic
crisis

To From Net To From Net To From Net To From Net To| From Net
XOM 13.46 87.09| -73.63 56.00 9542 -39.42 20,34 447. -27.07| 163.26 69.6Q 93.64 11.65 99|31 -87.66
CVvX 81.69 97.17| -15.4% 55.60 96.16 -40.66 12194 208. -85.26 45.00 97.54 -52.54 153.80 92,30 61.00
COP 128.22 85.3 42.91 27.99 89,22 -61.23 101.96 .5589 12.41 28.79 95.16 -66.37 94.116 94192 -0.76
EOG 19.45 3.81 15.64 58.87 99.68 -40|71 7.87 96.888.98| 653.78 22.21 631.57 4.84 99/73  -94.90
PXD 12.90 45,74  -32.88 27.179 97.45 -69/66 9.30 98.4-89.15 25.92 99.26 -73.34 6.51 9965 -93.14
VLO 143.06 89.42 53.6% 54.01 99.22 -45)21 48.74 2®8. -49.54| 136.26 88.0p 48.24 165.49 91,45 74.05
OXY 75.22 78.69 -3.47 68.8R 98.29 -29.47 24191 £8.9-74.03 80.32 71.92 8.40 80.99 92,01 -11.02
HES 80.31 84.04 -3.74 61.19 91.82 -30{63 17.14 99.282.11 81.30 98.66 -17.36 196.78 89/90 106.88
OKE 15.08 75.36 -60.28 129.97 62.27 67|70 23.80 28®4. -70.48 1.92 96.38 -94.46 3.08 99,71 -96.63
HAL 54.82 79.88| -25.07 22.99 99.42 -76.42 108,39 .96% 42.48| 139.23 93.91 45.32 79.56 95(74 -16.18
DVN 156.92 84.42 72.50 75.15 92.23 -17/08 74.14 181. -7.05| 108.54 89.53 19.01 187.p3 90}55 96.68
APA 116.92 89.79 27.18 83.52 96.03 -12/51 36.13 679. -43.55 84.94 94.46 -9.52 89.50 93)24 -3.74
MUR 42.91 46.24 -3.32 47.91 96.42 -48p51 28,41 D9.8-71.41| 172.45 76.28 96.22 40.00 99(43 -59.42
RIG 129.10 70.4(Q 58.70 115.71 80.R7 35|45 252.58 .46/3 179.12 51.16 89.08 -37.92 231,33 83.00 148.33
ENI 133.11 90.41 42,70 163.47 90.74 72\73 135.23 .99p 42.23 5.64 99.80 -94.16 162.67 91|25 71.33
ENE 81.92 89.41 -7.49 189.39 87.y7 101{62 201.32 .998@ 117.33 2.98 99.9F -96.99 5.89 99175 -93.86
ELE 51.52 94.794 -43.26 135.23 88.83 46{40 137.22 .33p 44.89 47.21 99.26 -52.05 87.p6 95|29 -8.03
IBE 88.11 81.42 6.69 194.52 93.04 101}47 170.34 8B4. 85.45 7.02 99.68 -92.62 82.p2 96/67 -14.46
REP 101.85 79.94 21.91 159.92 8472 75.20 166.18 .4184 81.77 16.66 99.983 -83.28 149111 92/05 57.06
BP 80.48 81.95 -1.4Y 107.69 94.03 13|66 167.51 77D.896.64 21.61 99.72 -78.11 156.64 92/96 63.69
EBK 22.43 9422 -71.79 72.83 75.62 -2.[79 79,65 93.3-13.69 5.9] 99.59 -93.68 0.7T7 10000 -99.23
Total
default
connectedness
index 77.59 90.88 86.86 89.52 94,71




Table E.2. Summary of default spillover analysis — Slopedest

Full sample (2008-2021) Global financial crisis European sovereign debt Oil price shock Covid19 pandemic
crisis

To From Net To From Net To From Net To From Net To| From Net
XOM 14.16 23.20 -9.03 13.08 99.71 -86.63 13/16 98.285.18B| 16.50 91.91 -75.42 25.64 93.77 -68
CVX 36.45 43.24 -6.74 43.64 98.62 -54.98 34,31 50.736.43| 76.51 76.54 -0.0b 122.99 92.89 30
COP 211.76 24,29 187.4Y 129.25 81.777 47|49 291.49 15.296.10 24.13 98.31 -74.18 92.48 90/45 2
EOG 1.95 75.42| -73.47 35.26 99.47 -64.21 5|87 99.94 .04 64.29 48.94 15.31L 67.65 93.61 -25
PXD 11.72 94.67| -82.96 40.98 97.97 -56/99 434.75 25.798.96 23.52 99.35 -75.83 2.09 9965 -97
VLO 80.07 38.17 41.9( 16.30 92.36 -7606 107.16 53.623.5459 113.27 41.3( 71.97 82.31 9501 -12
OXY 56.24 38.96 17.29 438.69 20.59 41810 56.39 91.685.29| 679.66 23.08 656.38 116.04 91175 24
HES 46.67 79.80 -33.12 18.43 98.53  -80.10 69.81 92.422.67 52.42 83.49 -31.07 190.34 92/32 98
OKE 74.31 26.39 47.92 31.07 97.48 -6642 3555 84.789.234 25.32 95.68 -70.36 249.03 3812 210
HAL 61.74 84.72] -22.98 71.24 96.09 -24.85 77.71 78.060.35- 21.92 86.84 -64.92 156.14 93,78 62
DVN 89.89 72.50 17.39 87.44 97.12 -9.68 57,84 79.15 3120 26.77 99.02 -72.2p 127.71 91.82 35
APA 112.35 41.24 71.11 20.94 97.93  -76)99 35.98 83.2747.28 35.91 99.33 -63.42 101.95 84160 17
MUR 32.87 99.66| -66.79 36.683 97.79 -61/16 76.08 86.99.0.92 21.74 96.16 -74.42 145.13 86,59 58
RIG 13.13 96.27] -83.14 21.42 98.18 -76.76 32.33 67.985.59 22.76 8459 -61.83 38.75 9556 -56
ENI 121.70 82.67 39.083 115.82 91.67 24(15 58.07 91.783.67| 124.564 96.09 28.47 26.14 99/90 -73
ENE 96.93 78.52 18.41 199.43 85.75 113|68 55.38 88.7@8.32 96.77 85.81 10.96 14.71 9924 -84
ELE 41.23 76.14 -34.91 53.37 80.57 -27.20 39.90 93.8%3.94 55.61 98.59 -42.97 65.78 9561 -29
IBE 99.30 81.15 18.1% 79.78 94.54  -14[76 6590 89.623.72 90.62 87.53 3.0p 93.34 93.D8 -0
REP 89.42 72.97 16.44 178.40 91.97 86/43 64.27 98.133.873 90.29 78.99 11.3D 101.62 93,98 7
BP 31.45 75.17, -43.72 119.01 94.00 25/00 20.08 99.249.16 25.88 96.3( -70.42 87.13 9531 -8
EBK 69.59 87.79 -18.20 149.91 87.97 61/94 31.42 99.08%7.66 72.31 92.84 -20.53 10.52 9963 -89
Total default
connectedness
index 66.33 90.48 79.21 83.85 91.31
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Table E.3. Summary of default spillover analysis — Curvatiaeors

Full sample (2008-2021) Global financial crisis European sovereign debt Qil price shock Covid19 pandemic
crisis

To From Net To From Net To From Net To From Net To| From Net
XOM 8.97 90.93] -81.9¢ 10.8p 99.44 -88.63 14,77 87.492.7Z| 193.27 73.19 120.08 99.02 94.10 4.92
CVX 59.84 16.00 43.84 36.98 93.13 -56/15 21140 30.54 .14-9 8.87 97.62 -88.75 103.68 94.63 9.0%
COP 79.41 80.04| -0.63 159.46 85.91 7355 124.87 24.0490.8B 16.82 89.05 -72.23 38.51 94.47  -55.96
EOG 5.34 75.90, -70.57 22.29 96.98 -74.69 16/59 99.873.28| 675.20 8.91 666.29 13.96 97.17) -83.21
PXD 5.01 59.37| -54.3¢ 31.84 99.50 -67.65 613.94 7.796.180 30.22 62.68 -32.47 13.70 99.63 -85.93
VLO 94.79 82.13 12.65 50.73 88.43 -37[70 10.79 98.147.34| 27.45 95.84 -68.39 116.06 93.40 22.66
OXY 46.87 33.70 13.17 201.75 53.09 14867 26.20 98.131.95| 248.07 30.84 217.23 24175 49.22 192.54
HES 37.76 33.43 4.33 464.79 43.56 421423 4.44 99.62 .1/05 18.39 99.25 -80.8p 144.21 91.7Q 52.50
OKE 96.47 12.61 83.87 94.19 94.30 -0.11 10(73 93.33 58 1.91 99.97 -98.06 18.65 93.90 -75.24
HAL 104.32 72.57 31.7% 63.89 93.75 -29/86 69.47 47.082.3927 33.81 98.76 -64.95 79.28 94.74 -15.46
DVN 153.31 76.26 77.05 45.31 77.Y4 -32/43 41.13 64.022.92 6.65 99.71 -93.0p 125.68 95.69 29.99
APA 92.56 76.05 16.51 7.1p 98.21 -91.p9 21139 8152 1P 7.67 99.05 -91.38 28.54 79.18 -50.6%
MUR 25.83 85.85 -60.03 3.4p 99.69 -96.R9 19/09 93.003.97| 18.97 99.7% -80.78 31.59 99.35 -67.7%
RIG 4.38 93.41] -89.0% 27.58 73.85 -46.26 60.10 56.66 43 3. 23.38 69.12 -45.76 116.06 74.22 41.83
ENI 174.57 81.08 93.49 43.36 91.y0 -48/33 44.34 97.5%3.18| 116.76 95.46 21.29 176.30 93.00 83.29
ENE 76.56 88.94 -12.38 91.01 92.36 -1.35 106.17 76.359.82| 63.45 97.47 -34.0p 39.39 96.69 -57.30
ELE 46.09 97.10 -51.02 96.83 62.80 3403 86(.60 75.36 .2411 12.74 99.13 -86.41  73.66 95.04 -21.3%
IBE 95.25 86.74 8.5( 22.6p 98.76 -76.10 103.89 89.03 .8614 88.63 97.86 -9.28 98.85 92.08 6.77
REP 112.67 85.82 26.85% 41.61 89.08 -47{47 83.56 94.220.65 78.70 82.56 -3.86 162.84 92.30 70.54
BP 105.66 85.18 20.48 36.55 96.49 -59/94 47.80 55.948.14-{ 49.62 91.74 -42.1p 152.50 90.74 61.76
EBK 64.47 77.00 -12.52 214.89 38.833 176/57 42.07 99.657.58 66.04 98.63 -32.59 33.26 96.26 -62.99
Total default
connectedness
index 70.96 84.15 74.78 85.08 90.83
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