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@ The growing importance of transition metals for market stability
o Financialization revisited: a theoretical approach

e JinTeng Wu (supervision with Olivier Féron)
o Extreme weather events and futures price returns and volatility
o Climate risks and price shock propagation
o Climate risks and electricity futures market
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commodity markets
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financial sphere, and climate variables.
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Motivations

Motivations

o Context: transition in Ag markets due to climate change, financialization of
commodity markets

@ Understand the interactions and the global dynamics of agricultural markets,
financial sphere, and climate variables.

@ Empirical approach (no modeling of systems as complex as climate, financial
markets and agriculture)

o Large database = graph analysis (multilayer networks)
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Motivations

Multilayer networks

Climate var.
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Source: Kinsley et al. (2020)
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Fundamental issues:
@ No reference of such work in finance
@ Choice of the nodes of the graph (which climate data?)
@ Choice of the vertexes (weights, directions,...)
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Fundamental issues:
@ No reference of such work in finance
@ Choice of the nodes of the graph (which climate data?)
@ Choice of the vertexes (weights, directions,...)

Today:
@ Preliminary analysis, focus on layer 2 (commodity derivative markets)
@ Meanwhile, building databases related to layers 1 and 3

@ Layer 2: Analysis of the propagation of shocks between commodity futures
prices (Grains, Soft, Livestock, Energy, Metals)
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Fundamental issues:
@ No reference of such work in finance
@ Choice of the nodes of the graph (which climate data?)

@ Choice of the vertexes (weights, directions,...)

Today:
@ Preliminary analysis, focus on layer 2 (commodity derivative markets)
@ Meanwhile, building databases related to layers 1 and 3

@ Layer 2: Analysis of the propagation of shocks between commodity futures
prices (Grains, Soft, Livestock, Energy, Metals)

Technical issues:
@ Choice of the spillover measure for the weights of the links
@ VAR estimation / number of observations required / LASSO techniques

@ Visualization (too small to see clear clustering/communities, but too big for
simple visualization) — filtration

Directionality of the links / sensitivity of the method to the normalization

Synthetic measures describing the dynamics, the topology...
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Literature
Literature

o Finance:
e How is climate risk taken into account?
o Physical risk (Drought index, Putnam et al. (2023)) vs. transition risk
(Bastianin, Casoli & Galeotti (2023) Networks & transition metals)
o Building indexes: Physical Risk Index 4+ Transition Risk Index from Bua et al.
2022
° g\letwc?rks and commodities (Zhou, Wu, Liu, Rognone (2023), use the indexes of
Bua et al. (2022))
o Data: Handbook of Sustainable Finance, Roncalli (2024)
o Links between macro-level and local-level networks (Meglioli & Gauci, 2021)
@ Other fields:
e Epidemiology: Kinsley et al. (2020)
o Methodology:
e Minimum Spanning Trees: Lautier & Raynaud (2012), Lautier, Ling, Raynaud
(2015)
o Directionality: Lautier, Raynaud, Robe (2019)
o Spillovers/Connectedness: Diebold & Yilmaz (2009, 2012), Barunik & Krehlik
(2018), Demirer et al. (2018), Calioa et al (2018,19)
o Multiplex networks (Musmeci et al., 2017), Barigozzi et al. (2022)
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Literature

Multiplex (left) vs. multilayer (right) networks

Source: Kinsley et al. (2020)
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Three layers — Three sets of daily data over 20 years (7)
o Layer 1: Physical spot markets on grains (local, in the US)
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Three layers — Three sets of daily data over 20 years (7)
o Layer 1: Physical spot markets on grains (local, in the US)
@ Layer 2: Commodity markets, futures prices
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Three layers — Three sets of daily data over 20 years (7)
o Layer 1: Physical spot markets on grains (local, in the US)
@ Layer 2: Commodity markets, futures prices

@ Layer 3: Local climate data
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Data: nodes and layers of the graph

Three layers — Three sets of daily data over 20 years (7)
o Layer 1: Physical spot markets on grains (local, in the US)
@ Layer 2: Commodity markets, futures prices

@ Layer 3: Local climate data

Layer 1: Physical market of grains
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Three layers — Three sets of daily data over 20 years (7)
o Layer 1: Physical spot markets on grains (local, in the US)
@ Layer 2: Commodity markets, futures prices

@ Layer 3: Local climate data

Layer 1: Physical market of grains
@ USDA data on grains, local spot prices across the US
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Three layers — Three sets of daily data over 20 years (7)
o Layer 1: Physical spot markets on grains (local, in the US)
@ Layer 2: Commodity markets, futures prices

@ Layer 3: Local climate data

Layer 1: Physical market of grains
@ USDA data on grains, local spot prices across the US

o “Classical grains” (wheat, soy, corn) + 7 grains eligible to cross-hedging:
sorghum, sunflowers seeds, alfalfa meal, corn gluten feed meal, distillers dried
grains, corn gluten feed, wheat middlings (Source: CME, 2015)
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Three layers — Three sets of daily data over 20 years (7)
o Layer 1: Physical spot markets on grains (local, in the US)
@ Layer 2: Commodity markets, futures prices

@ Layer 3: Local climate data

Layer 1: Physical market of grains
@ USDA data on grains, local spot prices across the US

o “Classical grains” (wheat, soy, corn) + 7 grains eligible to cross-hedging:
sorghum, sunflowers seeds, alfalfa meal, corn gluten feed meal, distillers dried
grains, corn gluten feed, wheat middlings (Source: CME, 2015)

o Different qualities, different crops
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Three layers — Three sets of daily data over 20 years (7)
o Layer 1: Physical spot markets on grains (local, in the US)
o Layer 2: Commodity markets, futures prices
@ Layer 3: Local climate data

Layer 1: Physical market of grains
@ USDA data on grains, local spot prices across the US

o “Classical grains” (wheat, soy, corn) + 7 grains eligible to cross-hedging:
sorghum, sunflowers seeds, alfalfa meal, corn gluten feed meal, distillers dried
grains, corn gluten feed, wheat middlings (Source: CME, 2015)

o Different qualities, different crops
o lIdentification: in progress

@ Extraction: in progress

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Data: nodes and layers of the graph

Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures
e Jan. 2004 - Mar. 2023
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Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures

e Jan. 2004 - Mar. 2023
o Settlement prices = daily returns and daily volatility
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Layer 2: “Financialized commodities”
o Existing database on futures

e Jan. 2004 - Mar. 2023
o Settlement prices = daily returns and daily volatility
o Continuous time series (Refinitiv)
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Data: nodes and layers of the graph

Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures

e Jan. 2004 - Mar. 2023

o Settlement prices = daily returns and daily volatility
o Continuous time series (Refinitiv)
e Maturities up to 12 months to 36 months

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R

MATS 2024-05-15



Data: nodes and layers of the graph
Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures
Jan. 2004 - Mar. 2023
Settlement prices = daily returns and daily volatility
Continuous time series (Refinitiv)
Maturities up to 12 months to 36 months
Ags: Wheat (CBOT), 3 Soys (CBOT), Corn (CBOT), Cotton (ICE US)
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Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures
Jan. 2004 - Mar. 2023
Settlement prices = daily returns and daily volatility
Continuous time series (Refinitiv)
Maturities up to 12 months to 36 months
Ags: Wheat (CBOT), 3 Soys (CBOT), Corn (CBOT), Cotton (ICE US)
Softs: Sugar (ICE US), Cocoa (ICE US), Cocoa (ICE UK), Coffee (ICE US)
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures

Jan. 2004 - Mar. 2023

Settlement prices = daily returns and daily volatility

Continuous time series (Refinitiv)

Maturities up to 12 months to 36 months

Ags: Wheat (CBOT), 3 Soys (CBOT), Corn (CBOT), Cotton (ICE US)
Softs: Sugar (ICE US), Cocoa (ICE US), Cocoa (ICE UK), Coffee (ICE US)
Energy: WTI (NYMEX), Brent (ICE UK), Heating Oil (NYMEX), Gasoil (ICE
UK), Natural Gas (NYMEX), Natural Gas (ICE UK)
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures

Jan. 2004 - Mar. 2023

Settlement prices = daily returns and daily volatility

Continuous time series (Refinitiv)

Maturities up to 12 months to 36 months

Ags: Wheat (CBOT), 3 Soys (CBOT), Corn (CBOT), Cotton (ICE US)
Softs: Sugar (ICE US), Cocoa (ICE US), Cocoa (ICE UK), Coffee (ICE US)
Energy: WTI (NYMEX), Brent (ICE UK), Heating Oil (NYMEX), Gasoil (ICE
UK), Natural Gas (NYMEX), Natural Gas (ICE UK)

o Metals: Gold (COMEX), Silver (COMEX), Copper (COMEX)
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Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures

Jan. 2004 - Mar. 2023

Settlement prices = daily returns and daily volatility

Continuous time series (Refinitiv)

Maturities up to 12 months to 36 months

Ags: Wheat (CBOT), 3 Soys (CBOT), Corn (CBOT), Cotton (ICE US)
Softs: Sugar (ICE US), Cocoa (ICE US), Cocoa (ICE UK), Coffee (ICE US)
Energy: WTI (NYMEX), Brent (ICE UK), Heating Oil (NYMEX), Gasoil (ICE
UK), Natural Gas (NYMEX), Natural Gas (ICE UK)

Metals: Gold (COMEX), Silver (COMEX), Copper (COMEX)

o Livestocks: Cattle Feeder (CME), Lean Hogs (CME), Live Cattle (CME)
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Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures

Jan. 2004 - Mar. 2023

Settlement prices = daily returns and daily volatility

Continuous time series (Refinitiv)

Maturities up to 12 months to 36 months

Ags: Wheat (CBOT), 3 Soys (CBOT), Corn (CBOT), Cotton (ICE US)
Softs: Sugar (ICE US), Cocoa (ICE US), Cocoa (ICE UK), Coffee (ICE US)
Energy: WTI (NYMEX), Brent (ICE UK), Heating Oil (NYMEX), Gasoil (ICE
UK), Natural Gas (NYMEX), Natural Gas (ICE UK)

Metals: Gold (COMEX), Silver (COMEX), Copper (COMEX)

o Livestocks: Cattle Feeder (CME), Lean Hogs (CME), Live Cattle (CME)

o Possible extension to other derivative markets (Connection with JinTeng ?)
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Layer 2: “Financialized commodities”
o Existing database on futures

Jan. 2004 - Mar. 2023

Settlement prices = daily returns and daily volatility

Continuous time series (Refinitiv)

Maturities up to 12 months to 36 months

Ags: Wheat (CBOT), 3 Soys (CBOT), Corn (CBOT), Cotton (ICE US)
Softs: Sugar (ICE US), Cocoa (ICE US), Cocoa (ICE UK), Coffee (ICE US)
Energy: WTI (NYMEX), Brent (ICE UK), Heating Oil (NYMEX), Gasoil (ICE
UK), Natural Gas (NYMEX), Natural Gas (ICE UK)

Metals: Gold (COMEX), Silver (COMEX), Copper (COMEX)

Livestocks: Cattle Feeder (CME), Lean Hogs (CME), Live Cattle (CME)
Possible extension to other derivative markets (Connection with JinTeng ?)
Possible extension to transition metals (Connection with Polina ?)
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Layer 3: Climate data
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Data: nodes and layers of the graph

Data: nodes and layers of the graph

Layer 3: Climate data

@ “Extreme events’ : over 20 years, no clear trend
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Data: nodes and layers of the graph

Data: nodes and layers of the graph

Layer 3: Climate data
@ “Extreme events” : over 20 years, no clear trend

o Data localized around the physical markets
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Data: nodes and layers of the graph

Data: nodes and layers of the graph

Layer 3: Climate data
@ “Extreme events” : over 20 years, no clear trend
o Data localized around the physical markets
e Temperatures, precipitations, cloud coverage
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Layer 3: Climate data
@ “Extreme events” : over 20 years, no clear trend
o Data localized around the physical markets
e Temperatures, precipitations, cloud coverage
o Futures on “climate data” : HDD, CDD ?
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Layer 3: Climate data
@ “Extreme events” : over 20 years, no clear trend
o Data localized around the physical markets
e Temperatures, precipitations, cloud coverage
o Futures on “climate data” : HDD, CDD ?
o Indexes???
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Data: nodes and layers of the graph
Data: nodes and layers of the graph

Layer 3: Climate data
@ “Extreme events” : over 20 years, no clear trend
o Data localized around the physical markets
Temperatures, precipitations, cloud coverage
Futures on “climate data” : HDD, CDD ?
Indexes???

Identification: in progress

Extraction: in progress
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Methodology : weights and direction of the links

Caloia et al. (2018): improved Diebold & Yilmaz (2012)

@ Vector AutoRegression VAR(p) model

Xl’ = A1Xl’—1 + A2Xt_2 + -+ ApXt—p + € € ~ N(O7 Z)
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Methodology : weights and direction of the links

Caloia et al. (2018): improved Diebold & Yilmaz (2012)

@ Vector AutoRegression VAR(p) model
Xl’ = A1Xl’—1 + A2Xt_2 + -+ ApXt—p + € € ~ N(O7 Z)

= Vector Moving Average VMA(o0) model (if cov stationary) and Impulse
Response Functions (IRFs)

Xt = \ert + \U]_Etf]_ + ...
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Methodology : weights and direction of the links

Caloia et al. (2018): improved Diebold & Yilmaz (2012)

@ Vector AutoRegression VAR(p) model
Xl’ = A1Xl’—1 + A2Xt_2 + -+ ApXt—p + € € ~ N(O7 Z)

= Vector Moving Average VMA(o0) model (if cov stationary) and Impulse
Response Functions (IRFs)

Xt = \ert + \U]_Etf]_ + ...
= Generalized Forecast Error Variance Decomposition (GFEVD)

— H
Jjj ! Zk:O(wkz)izj

oH =
max; Ej:l Ojj ! Zk:o(wkz),gj
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Methodology : weights and direction of the links

Caloia et al. (2018): improved Diebold & Yilmaz (2012)

@ Vector AutoRegression VAR(p) model
Xl’ = A1Xl’—1 + A2Xt_2 + -+ ApXt—p + € € ~ N(O7 Z)

= Vector Moving Average VMA(o0) model (if cov stationary) and Impulse
Response Functions (IRFs)

Xt = \ert + \U]_Etf]_ + ...
= Generalized Forecast Error Variance Decomposition (GFEVD)

— H
O—J_'j ! Zk:O(wkz)izj

oH =
max; Ej:l Ojj ! Zk:o(wkz)%j

@ Decomposing the variance of the forecast error of i into the sum of the
variances of all the variables (j): Off-diagonal terms = pairwise
connectedness (column j — row /)
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Methodology : weights and direction of the links

Caloia et al. (2018): improved Diebold & Yilmaz (2012)

@ Vector AutoRegression VAR(p) model
Xl’ = A1Xl’—1 + A2Xt_2 + -+ ApXt—p + € € ~ N(O7 Z)

= Vector Moving Average VMA(o0) model (if cov stationary) and Impulse
Response Functions (IRFs)

Xt = \ert + \U]_Etf]_ + ...
= Generalized Forecast Error Variance Decomposition (GFEVD)

— H
O—J_'j ! Zk:O(wkz)izj

oH =
max; Ej:l Ojj ! Zk:o(wkz)%j

@ Decomposing the variance of the forecast error of i into the sum of the
variances of all the variables (j): Off-diagonal terms = pairwise
connectedness (column j — row /)

@ Normalization by largest variance
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Methodology : weights and direction of the links

Connectedness table / network adjacency matrix

For a specified horizon H:
N N N From Others to i
! 2 o N (In-Degrees)
X1 011 012 . bin PIPPLY
X2 021 022 Oan Zszl 202
XN On1 On2 Onn ZjN:EI Onj

To Others fromj N N N—1 N
Yima b Zi:l,i;ez Oz ... Zi:l Oin %Zi,jzl,;# 0

(Out-Degrees) =2

0ij = 0ij = contribution of j to the FEV of /

MATS 2024-05-15
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Empirical results

What we do:
o Analysis of daily returns and volatilities
@ Two sets of graphs: spatial versus maturity

Spatial: 1st maturity of each market = 22 nodes (3 metals, 6 energy
products, 4 softs, 3 meats, 6 ags)

Maturity: one market, different delivery dates.

°

@ Static: one period, full sample / Dynamic: rolling window of 3 years.

o Full graphs: visualization and centrality analysis in the spatial dimension
°

Filtered graphs: retain X% of the most important links

In the Appendix:
@ Sensitivity to the normalization retained

o Frequency analysis - short-term / long-term connectedness
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Empirical results Preliminary results — Spatial dimension

Full connectivity matrix, in the spatial dimension, full sample

Silver  Copper Brent NGUK Heating Oil Gasoil CocoaUK Cocoa.US Coffee  Sugar Cattle Feeder _Live.Cattle _Lean Hogs Cotton _SoyMeal Wheat
006 0.0063 00062 0.0051 (010025, 00021 00019
00323 00374 00168 00279 00164 00070 00124
01239 00472 0. 00320 0033 00221 [0 0,004 0,0090
00018 0.0348 07379 03222 0495 02206 00120 00190
00273 06252 01505 04040 01771 0.0061
00444 02202 00607
0.0038 00373 489310 00386
0.0201 [1276721 04173 0. 0.1744 X 0.0041 0106
00159 02411 0.1645 X 0.0041 X 0.0066
0.008¢ 0.0165 0.0888
0.0041 0.0098 X 01480
0.0067 00160 X 00056 02995
00231 X 00037 00169
00059 | 00028 00016
00017 00259

00168
0.0103
0.0236
00416
00213
0.0217

requency Decompo: MATS 2024-05-1



Full connectivity matrix, in the spatial dimension, full sample

Gold

Silver  Copper
0.0083 0.0061
0.0180 00323
0.0025
00018

Gold

Gold 0.0083
Silver 0.0180
Copper  0.0025
WTI 0.0018
Brent | 0.0015

Brent
0.0063
0.0374
0.0472
07379
06252
0.0444
00373
04173
02411
0.0084
0.0098
00160
00231

00168
0.0103
0.0236
00416
00213
0.0217

Silver
0.0612
0.3253
0.0447
0.0304
0.0295

NG.UK
0.0062
00168
00320
03222
0.1505
02202

439310

01744

01645

Empirical results

Heating Ol Gasoil Cocoa. UK CocoaUS

0.0051 [10.002"
0.0164
0.0221

0.0050
0.0032
0.0072

0.0070
0.0044
00120
0.0061

WTI Brent
0.0452 0.0063
0.2353 0.0374
0.3090 0.0472

97.9408 0.7379
0.6252

requency Decompo:

Preliminary results — Spatial dimension

Coffee Cattle Feeder _Live Cattle

Sugar Lean Hogs _ Cotton _ Soy.Meal
00021 0.0019
0.0124
0.0090
0019
0.0128
0049
00039
00114
0.0086
00052
0.0071
02095
00169

00035

0.0051
0.0059
0.0017

00028 16
00259 | 0.0016!
06386

0,00

Soy.Oil

.01
0,01

00039 00044
0.0056 00048

MATS 2024-05-1
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Empirical results Preliminary results — Spatial dimension

Full connectivity matrix, in the spatial dimension, full sample

Gold  Silver Copper Brent NGUS NGUK Heating Ol Gasoil CocoaUK Cocoa.US Coffee  Sugar CattleFeeder Live.Cattle LeanHogs Cotton SoyMeal Soybean SoyOil Wheat
00083 00061 00063 00062 00051 0002 00021 00019
00180 00323 00374 00168 00279 00164 0000  0.0070 00124
0.0025 0.0472 0. 0.0320 00336 0.0221 0.0032 0.0044  0.0090
00018 07310 0m2  04ms 00072 00120 00190

06252 01505 0.4040 00061 00128

00444 0202 00607 [O0OTIN000T5] 0.0049

0.0373 48.9310 0.0386 X X 0.0039

04173 0161 01744 05674 . o014 0106 00180

02611 0165 02674 y 004100086 00121

00084 00054 00052

00098 00065 00071 .

00150 00136 g 02095 00035 0009 00044

00231 0.0184 . X 00169 00051 00056 0.0048
00059 | 00028 00016
00017 00259 | 0.0016
06386

00168 0.0137 X 0.0070
0.0103 0.0081 0.0040
0.0236 00196 0.0057
00416 00368 X 0.0072
00213 00160 X 00083
0.0217 0.0161 0.00750.0097

Gold  Silver  Copper WTI  Brent
Gold 0.0083 0.0612 0.0061 0.0452 0.0063
Silver ~ 0.0180 0.3253 0.0323  0.2353 0.0374
Copper | 0.0025 0.0447 0.1239  0.3090 0.0472
WTI 0.0018 0.0304 0.0348 97.9408 0.7379

Brent | 0.0015 | 0.0295 0.0273 [4MS74] 0.6252

® Owrr—Brent = 0.7379

Raynaud (PSL Université Pa on of Systemic MATS 2024-05-



Empirical results Preliminary results — Spatial dimension

Full connectivity matrix, in the spatial dimension, full sample

Gold  Silver Copper Brent NGUS NGUK Heating Ol Gasoil CocoaUK Cocoa.US Coffee  Sugar CattleFeeder Live.Cattle LeanHogs Cotton SoyMeal Soybean SoyOil Wheat
00083 00061 00063 00062 00051 0002 00021 00019
00180 00323 00374 00168 00279 00164 0000  0.0070 00124
0.0025 0.0472 0. 0.0320 00336 0.0221 0.0032 0.0044  0.0090
00018 07310 0m2  04ms 00072 00120 00190

06252 01505 0.4040 00061 00128

00444 0202 00607 [O0OTIN000T5] 0.0049

0.0373 48.9310 0.0386 X X 0.0039 | 0.

04173 0161 01744 05674 . o014 0106 00180

02611 0165 02674 y 004100086 00121

00084 00054 00052

00098 00065 00071 .

00150 00136 g 02095 00035 0009 00044

00231 0.0184 . X 00169 00051 00056 0.0048
00059 | 00028 00016
00017 00259 | 0.0016
06386

00168 0.0137
0.0103 0.0081
0.0236 00196
00416 00368
00213 00160
0.0217 0.0161

Gold  Silver  Copper WTI  Brent _
Gold  0.0083 0.0612 0.0061 0.0452 0.0063 © Owriprent = 0.7379
Silver  0.0180 0.3253 0.0323 0.2353 0.0374 ° 0 — 41374
Copper | 0.0025 0.0447 0.1239  0.3090 0.0472 Brent«WTI
WTI | 00018 0.0304 0.0348 97.9408 0.7379

Brent | 0.0015 | 0.0295 0.0273 [4MS74] 0.6252

Raynaud (PSL Université Pa on of Systemic MATS 2024-05-



Empirical results Preliminary results — Spatial dimension

Full connectivity matrix, in the spatial dimension, full sample

Silver  Copper Brent NGUK Heating Oil _Gasoil Cocoa UK Cocoa.US Coffee  Sugar _Cattle Feeder _Live Cattle Lean Hogs _Cotton SoyOil  Wheat
00612 0.0 0.0063 00062 0.0051 (0,002 00021 0.0019
03253 00374 00168 00164 00050 00124
00472 0. 00320 00221 [ 00032 0.0090
07379 03222 00072 00190
06252 01505 00048
00444 02242
00373 48,9310
04173 0. 0.1744
02411 0.1645 X X 00121
0.0084
0.0098 X
00160 X 00035 00039 00044
00231 X X 0005600048
00059 | 00028 00016
00017 00259 0016
06386
00168
00103
0023 094
00416 00015
00213 063
0017

Gold  Silver  Copper WTI  Brent _
Gold  0.0083 00612 0.0061 0.0452 0.0063 ® OwrlBrent = 0.7379
Silver  0.0180 0.3253 0.0323 0.2353 0.0374 ° 0 — 4.1374
Copper | 0.0025 0.0447 01239 03090 0.0472 Brent—WTI
WTI 00018 0.0304 00348 97.9408 07379 = Net pairwise: (WTI — Brent)
Brent | 0.0015 | 0.0295 0.0273 [4HS74Y 0.6252 (4.1374 — 0.7379) = 3.3995

Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic MATS 2024-05-



Silver  Copper

Gold
Gold 0.0083
Silver 0.0180
Copper  0.0025
WTI 0.0018

Brent | 0,0015

WTI Brent
0.0063
0.0374

00160
00231

0.0217

Silver
0.0612
0.3253
0.0447
0.0304
0.0295

NGUS  NG.UK
000281 00062
00157 00168
00138 00320
00517 03222
01011 01595
80641 02042
02772 489310

01744

01645

00165

Copper
0.0061
0.0323
0.1239
0.0348

Empirical results

Heating Ol Gasoil
0.0051 [10.002"
00279 0.0164
00336 0.0221
04925
04040
0.0607
00386

WTI
0.0452
0.2353
0.3090

97.9408

Cocoa. UK Cocoa.US.
0.0070

0.0044
00120

Brent
0.0063
0.0374
0.0472
0.7379

0.0273 [4NBT4Y 0.6252

» Vol Total Table

» Return BK Tables

Preliminary results — Spatial dimension

Full connectivity matrix, in the spatial dimension, full sample

Coffee

o
0.0124
0.0090
0019
0.0128
0.0049
00039
00114
0.0086
00052
0.0071
02095
00169

Sugar_Cattle Feeder _Live Cattle _Lean Hogs _Cotton Wheat
0021 0.0019

0.0059 | 0,008
00017)  0.025

® OwWTi—Brent

0.0066

0.7379

° eBrenteWTl = 4.1374

= Net pairwise: (WTI — Brent)
(4.1374 — 0.7379) = 3.3995

» Return No corr Table | » Return Classical DY

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R
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Empirical results Preliminary results — Spatial dimension

Spatial connectedness, full graphs on full sample (static)

L Volatility DY net pairwise Connectedness
Return DY net pairwise Connectedness

Soy.Meal

Cattle Fegder Copper
Soy.Oil

Le@gs Heating Oil L@gs

Cocoa.UK

‘@I Soy.Oil Cotton \l

Cattle Fegder

Cocoa.US

)
®
)

. L Soybean
eating.Oil Silver Sugat \_
ST
Cotton
Cocoa.UK Sugar \
Sé/ybe\'an @ @
A\l

Say.Meal

Cocoa.US
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Empirical results Preliminary results — Spatial dimension

Centrality measures

B1 B C C1

B2 Cc2
B3 C3

Lautier, g, Raynaud (PSL Université Paris-DaA Time-Frequency Decompo:



Empirical results Preliminary results — Spatial dimension

Centrality in the static full graph, spatial dimension: 4

methods

Out-degree | In-degree
Gold 1 20
Silver 14 7
Copper 6 15
WTI 21 0
Brent 18 3
NG.US 20 1
NG.UK 18 3
Heating.Oil 16 5
Gasoil 12 9
Cocoa.UK 5 16
Cocoa.US 7 14
Coffee 13 8
Sugar 11 10
Cattle.Feeder 0 21
Live.Cattle 2 19
Lean.Hogs 17 4
Cotton 9 12
Soy.Meal 10 11
Soybean 4 17
Soy.Qil 3 18
Wheat 16 5
Corn 8 13

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



methods

Empirical results Preliminary results — Spatial dimension

Centrality in the static full graph, spatial dimension: 4

Eigenvector Betweenness Communicability
Returns DY Out-degree | In-degree | Centrality Ranking
Gold 1 20 0.6240 2
Silver 14 7 0.0014 15
Copper 6 15 0.0590 7
WTI 21 0 0.0000 21
Brent 18 3 0.0002 20
NG.US 20 1 0 22
NG.UK 18 3 0.0003 19
Heating.Oil 16 5 0.0006 17
Gasoll 12 9 0.0035 13
Cocoa.UK 5 16 0.0946 6
Cocoa.US 7 14 0.0368 8
Coffee 13 8 0.0022 14
Sugar 11 10 0.0056 12
Cattle.Feeder 0 21 1 1
Live.Cattle 2 19 0.3893 3
Lean.Hogs 17 4 0.0005 18
Cotton 9 12 0.0143 10
Soy.Meal 10 11 0.0089 11
Soybean 4 17 0.1516 5
Soy.Oil 3 18 0.2429 4
Wheat 16 5 0.0007 16
Corn 8 13 0.0230 9

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R

MATS 2024-05-15



Empirical results Preliminary results — Spatial dimension

Centrality in the static full graph, spatial dimension: 4

methods
Eigenvector Betweenness Communicability
Returns DY Out-degree | In-degree | Centrality Ranking | Centrality Ranking
Gold 1 20 0.6240 2 0 6
Silver 14 7 0.0014 15 0 6
Copper 6 15 0.0590 7 0 6
WTI 21 0 0.0000 21 0 6
Brent 18 3 0.0002 20 0.5 4
NG.US 20 1 0 22 0 6
NG.UK 18 3 0.0003 19 3.5 2
Heating.Oil 16 5 0.0006 17 0.5 4
Gasoll 12 9 0.0035 13 0 6
Cocoa.UK 5 16 0.0946 6 0 6
Cocoa.US 7 14 0.0368 8 0 6
Coffee 13 8 0.0022 14 0 6
Sugar 11 10 0.0056 12 0 6
Cattle.Feeder 0 21 1 1 0 6
Live.Cattle 2 19 0.3893 3 0 6
Lean.Hogs 17 4 0.0005 18 6 1
Cotton 9 12 0.0143 10 0 6
Soy.Meal 10 11 0.0089 11 0 6
Soybean 4 17 0.1516 5 0 6
Soy.Oil 3 18 0.2429 4 0 6
Wheat 16 5 0.0007 16 3.5 2
Corn 8 13 0.0230 9 0 6

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Empirical results Preliminary results — Spatial dimension

Centrality in the static full graph, spatial dimension: 4

methods
Eigenvector Betweenness Communicability
Returns DY Out-degree | In-degree | Centrality Ranking | Centrality Ranking | Centrality Ranking
Gold 1 20 0.6240 2 0 6 1.0000 21
Silver 14 7 0.0014 15 0 6 1.0034 6
Copper 6 15 0.0590 7 0 6 1.0003 15
WTI 21 0 0.0000 21 0 6 1.4213 1
Brent 18 3 0.0002 20 0.5 4 1.0082 4
NG.US 20 1 0 22 0 6 1.0167 3
NG.UK 18 3 0.0003 19 3.5 2 1.0267 2
Heating.Oil 16 5 0.0006 17 0.5 4 1.0066 5
Gasoll 12 9 0.0035 13 0 6 1.0010 9
Cocoa.UK 5 16 0.0946 6 0 6 1.0001 18
Cocoa.US 7 14 0.0368 8 0 6 1.0005 13
Coffee 13 8 0.0022 14 0 6 1.0007 11
Sugar 11 10 0.0056 12 0 6 1.0007 12
Cattle.Feeder 0 21 1 1 0 6 1.0000 22
Live.Cattle 2 19 0.3893 3 0 6 1.0000 19
Lean.Hogs 17 4 0.0005 18 6 1 1.0003 16
Cotton 9 12 0.0143 10 0 6 1.0003 14
Soy.Meal 10 11 0.0089 11 0 6 1.0016 8
Soybean 4 17 0.1516 5 0 6 1.0002 17
Soy.Oil 3 18 0.2429 4 0 6 1.0000 20
Wheat 16 5] 0.0007 16 3.5 2 1.0027 7
Corn 8 13 0.0230 9 0 6 1.0008 10

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Empirical results Preliminary results — Spatial dimension

Spatial connectedness filtered network on full sample (static,

Volatility DY net pairwise Connectedness

Return DY net pairwise Connectedness Sdy Maal

o Heating Oil

Cdeoa s : LC@ Cocon.UK
Cotton Sugal
Heating Oil @ .
S Moal Cattle.Fegder
(===, ook :
Silver
Cocoa.UK
Soy.Oil Cacoa.US
i
Sil:
2 Coppgr Cotton
/N Copper
Cattle.Feeder Sugay

Soy.Oil

requency Decomposition of Systemic R



analysis

Empirical results

Maturity dimension: Wheat Connectedness matrix, static

Preliminary results — Maturity dimension

Wheat.01
Wheat.01 24.7625
Wheat.02 20.6739
Wheat.03 17.8013
Wheat.04 15.1481
Wheat.05 13.3244
Wheat.06 11.5295
Wheat.07 10.1099
Wheat.08 9.2086
Wheat.09 8.5019

To

Lautier, g,

aynaud (PSL Unive

Wheat.02
18.3058
17.1824
14.9822
12.6409
10.9129

9.5361

8.4491

7.5684

7.0234

Wheat.03
14.5824
13.8635
13.6222
11.3363

9.3313
8.1369
7.2645
6.6437
6.0833

Wheat.04 Wheat.05

11.0696 8.5187
10.4309 7.8773
10.1087 7.2788
9.6433 6.8583
7.8405 6.4691
6.7647 5.5916
5.9980 4.8715
5.5429 4.4631

5.1561 4.1197

té Paris-DaA Time-Frequency Decompo:

Wheat.06 Wheat.07 Wheat.08

6.6689 5.5143 5.6820
6.2281 5.2024 5.2760
5.7428 4.8323 5.0045
5.3531 4.4738 4.6806
5.0569 4.1543 4.3083
4.7949 3.9572 3.9088
4.1965 4.0133 3.6160
3.6618 5.8923

3.3914 3.9579

Wheat.09
4.8959
4.5669
4.2707
4.0589
3.7108
3.3799

3.5602

58.6824



Empirical results Preliminary results — Maturity dimension

Wheat connectedness filtered network on full sample (static,

X = 50%)

Return DY net pairwise Connectedness Volatility DY net pairwise Connectedness

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Empirical results Preliminary results — Maturity dimension

Maturity dimension: example of WTI Connectedness matrix

WTIL01 WTIL02 WTL03 WTL04 WTIL05 WTIL06 WTLO7 WTIL08 WTL09 WTL10 WTL11 WTL12 WTL18 WTI.24
WTI.01 923012 15102 1.0793 08784 07363 0.6310 05503 0.4855 0.4328 03894 03511 0.3202 0.1992 = 0.1351
WTI.02 _ 10183 0.8228 0.6940 05997 05258 0.4667 0.4182 03767 03420 0.3117 0.2857 0.1826  0.1256
WTI.03 = 57087 0.9090 07530 0.6427 05594 0.4931 0.4392 03947 0.3565 0.3244 0.2962 0.2720 0.1752  0.1212
WTI.04 = 48137 08281 0.6941 05975 05230 04629 04136 03726 03373 03074 02811 0.2585 0.1676  0.1165
WTI05 42315 0.7638 0.6450 0.5584 0.4910 0.4362 0.3908 0.3528 0.3199 0.2920 0.2674 0.2462  0.1605
WTI.0O6 ~ 3.8113 07101 0.6028 05240 0.4625 04121 03702 03349 03042 02781 0.2550 0.2350  0.1541
WTI.07 = 34831 06647 0.5664 04938 04370 03904 03515 03186 0.2898 0.2653 0.2436 0.2248  0.1480
WTI.08 32101 0.6254 05345 04671 04143 03708 03345 03037 02767 02537 0.2332 0.2154 0.1425
WTIL09 29863 0.5901 0.5056 0.4428 0.3934 03528 0.3187 0.2898 0.2645 0.2428 0.2234 0.2066  0.1374
WTI10 27951 05591 0.4801 04212 03748 03366 03045 02773 02534 02328 0.2145 0.1985 0.1326
WTI11 26188 05308 04567 04013 03575 0.3215 0.2912 0.2655 0.2429 0.2234  0.2061 = 0.1909 ~ 0.1281
WTIL12 24740 05055 0.4357 0.3833 0.3420 03078 0.2791 0.2547 0.2333 0.2148 0.1983 0.1839
WTI.18 ~ 1.8533  0.3913 0.2227
WTI24 14546 0.3131 0.1823
To

requency Decompositi



Empirical results Preliminary results — Maturity dimension

WTI connectedness filtered network on full sample (static, X

— 20%)

Volatility DY net pairwise Connectedness
Return DY net pairwise Connectedness

o 9
@ @

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Empirical results Extensions

Upcoming work in progress

@ Looking into the effect of correlations

ier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Empirical results Extensions

Upcoming work in progress

@ Looking into the effect of correlations
@ Rely on sparse VAR (LASSO) for estimations, needing less data

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Empirical results Extensions

Upcoming work in progress

@ Looking into the effect of correlations
@ Rely on sparse VAR (LASSO) for estimations, needing less data
@ Other methods for graph filtering 7

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Empirical results Extensions

Upcoming work in progress

Looking into the effect of correlations

°
@ Rely on sparse VAR (LASSO) for estimations, needing less data
@ Other methods for graph filtering 7

°

Analyses of layers 1 and 3

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Empirical results Extensions

Upcoming work in progress

Looking into the effect of correlations

Rely on sparse VAR (LASSO) for estimations, needing less data
Other methods for graph filtering 7

Analyses of layers 1 and 3

Multilayer analysis

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15
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Additional results  Sensitivity of the DY-measure to the normalization method

DY (2012) vs. Caloia et al. (20

DY (2012)

Normalization By row: each row sum
= 100%

Advantages Interpretation: 6,_; =
share (%) of FEV of i
from j

Disadvantages Incorrect comparisons
of Bjjs

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Additional results ~ Sel

DY (2012) vs. Caloia et al. (2018)

y of the DY-measure to the normalization method

DY (2012)

Caloia et al. (2018)

Normalization

By row: each row sum
= 100%

By max(row sums):
largest FEV row sum =
100%

Advantages

Interpretation: 6, ; =
share (%) of FEV of i
from j

of
elements from different
rows

Disadvantages

Incorrect comparisons
of Bjjs

Different interpreta-
tion: all relative to
largest FEV

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R

MATS 2024-05-15



Additional results ~ Sensitivity of the DY-measure to the normalization method

Spatial Returns GFEVD Connectedness matrix (classical

Copper W NG.UK  Heating.Oil CocoaK CocoallS  Coffee  Sugar CatleFeeder LiveCottle LeanHogs Cotton SoyMeal Soybean Wheat

57720 OF0B] 17475 118% 1135 11464 09757 0025 00644 00369 05971
77775 0.682: 00765 1248 15003 14876 00511 02669 0045 09676
456111 02222 14334 23103 01314 05215 | 01321 15667
18020 2 3003 05474 09383 01418 01238 00074 O 03356
41189 0.4481 08152 15158 0095¢ 02537 00327 07520
05768 otoL 37212 02190 olle  00e% 00213 02858

908568 : 01382 o 0082 01018 00381 00243

0522 05907 00503 03087 0032

07589 01638 02121 00166

3461, 01031 01972 01311

51.2080 00831 01370 00272

20052 02199 : 01012

X 0.0607

81.7886 0.9968

05765

95,7325

00036

00787 279192
01103 33,3039
00616 24620 15.1170
X 00064 | 10642 7.0686

16831 16939 Y 2593 .1 3 18375 12,0707 461747 10.1800

Gold Silver  Copper WTI Brent o0 = 12.92
Gold  46.9512 [J3010237) 5.7720 ~0:5118" 2.0082 WTl«Brent 19209
Silver [126.16567 40.0403 7.7775  0.6822  3.0538 0 Oprentewr = 7.4946

Copper 55522  8.6377 456111 13722  5.8052
WTI [ 05607 0823 18020 609860 (129209  — Net pairwise: (Brent — WTI)

Brent 1.3439 23317 41189  7.4946 31.8497 (129209 - 74946) — 5.4263

Lautier, Ling, Raynaud (PSL Universi equency Decompo: MATS 2024-05-1



Additional results ~ Sensitivity of the DY-measure to the normalization method

Measuring the importance of a market in the network:

centrality (classical DY vs. Caloia et al.)

Classical DY Caloia et al.

Out-degree | In-degree Out-degree | In-degree
Gold 12 9 1 20
Silver 14 7 14 7
Copper 13 8 6 15
WTI 8 13 21 0
Brent 21 0 18 3
NG.US 2 19 20 1
NG.UK 3 18 18 3
Heating.Oil 20 1 16 5
Gasoil 16 5 12 9
Cocoa.UK 9 12 5 16
Cocoa.US 10 11 7 14
Coffee 4 17 13 8
Sugar 6 15 11 10
Cattle.Feeder 3 18 0 21
Live.Cattle 3 18 2 19
Lean.Hogs 8 18 17 4
Cotton 6 15 9 12
Soy.Meal 13 8 10 11
Soybean 19 2 4 17
Soy.Oil 18 3 3 18
Wheat 11 10 16 b
Corn 17 4 8 13

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Additional results  Sensitivity of the DY-measure to the normalization method

Measuring the importance of a market in the network:

centrality (classical DY vs. Caloia et al.)

Classical DY Caloia et al.
Communicability Communicability

Out-degree | In-degree | Centrality Ranking | Out-degree | In-degree | Centrality Ranking
Gold 12 9 1.0703 12 1 20 1.0000 21
Silver 14 7 1.4147 5 14 7 1.0034 6
Copper 13 8 1.2381 8 6 15 1.0003 15
WTI 8 13 1.0266 15 21 0 1.4213 1
Brent 21 0 2.1598 1 18 3 1.0082 4
NG.US 2 19 1.0496 14 20 1 1.0167 3
NG.UK 3 18 1.0071 21 18 3 1.0267 2
Heating.Oil 20 1 1.9642 3 16 5 1.0066 5
Gasoil 16 5 1.2764 7 12 9 1.0010 9
Cocoa.UK 9 12 1.0508 13 5 16 1.0001 18
Cocoa.US 10 11 1.0749 11 7 14 1.0005 13
Coffee 4 17 1.0103 18 13 8 1.0007 11
Sugar 6 15 1.0166 17 11 10 1.0007 12
Cattle.Feeder 3 18 1.0074 20 0 21 1.0000 22
Live.Cattle 3 18 1.0226 16 2 19 1.0000 19
Lean.Hogs 8 18 1.0040 22 17 4 1.0003 16
Cotton 6 15 1.0096 19 9 12 1.0003 14
Soy.Meal 13 8 1.1236 9 10 11 1.0016 8
Soybean 19 2 1.9702 2 4 17 1.0002 17
Soy.Oil 18 3 1.5634 4 3 18 1.0000 20
Wheat 11 10 1.1178 10 16 5 1.0027 7
Corn 17 4 1.4056 6 8 13 1.0008 10

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Additional results ~ Frequency analysis - BK

Time Frequency Decomposition: Barunik & Krehlik (2018)

@ Price shocks may be the sum of shocks at different frequencies
Ex: temperatures have a daily cycle, a yearly cycle, etc.

Lautier, Ling, Raynaud (PSL Université Paris-DaA Time-Frequency Decomposition of Systemic R MATS 2024-05-15



Additional results ~ Frequency analysis - BK

Time Frequency Decomposition: Barunik & Krehlik (201
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Additional results ~ Frequency analysis - BK

Time Frequency Decomposition: Barunik & Krehlik (2018)

@ Price shocks may be the sum of shocks at different frequencies
Ex: temperatures have a daily cycle, a yearly cycle, etc.

= Disentangling the frequency of shocks and their corresponding connectedness:
Ex : short-term (connectedness), medium-term (connectedness), etc.

@ Frequency response functions (FRFs): Fourier transform of IRFs

Vi (e—iw) _ Z e—/whwh
h
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Additional results ~ Frequency analysis - BK

Time Frequency Decomposition: Barunik & Krehlik (2018)

@ Price shocks may be the sum of shocks at different frequencies
Ex: temperatures have a daily cycle, a yearly cycle, etc.

= Disentangling the frequency of shocks and their corresponding connectedness:
Ex : short-term (connectedness), medium-term (connectedness), etc.

@ Frequency response functions (FRFs): Fourier transform of IRFs
Vi (e—iw) _ Z e—/whwh
h

= Defining frequency bands = FRF per frequency band. Ex:
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Additional results ~ Frequency analysis - BK

Time Frequency Decomposition: Barunik & Krehlik (2018)

@ Price shocks may be the sum of shocks at different frequencies
Ex: temperatures have a daily cycle, a yearly cycle, etc.

= Disentangling the frequency of shocks and their corresponding connectedness:
Ex : short-term (connectedness), medium-term (connectedness), etc.

@ Frequency response functions (FRFs): Fourier transform of IRFs
Vi (e—iw) _ Z e—/whwh
h

= Defining frequency bands = FRF per frequency band. Ex:
o Short term (1-21 days) vs. long term (21-Inf days)
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Additional results = Return BK Connectedness Table

Return BK(1-21, 21-Infd) Connectedness Table

Silver  Copper NG.UK Heating Ol Gasoil Cocoa.UK Cocoa.S Coffee  Sugar _Cattle.Feeder Live.Cattle LeanHogs Cotton Wheat
0.0582 X 0.0056 0.0( .0024 0. ).0017 0.0020
03099 00151 00261 00155 00046 00098
00317 0031 00031 00085
03 o4rn 00070 00117
01530 03846 00045 00163
0.2110 0.0576 0.004¢ X 0.0018 2 30 46 0.0045
464052 00364 00019 0036 0 0027 0.0016  0.0014 7000107 0.0056
01625 0530 00030 00100 00169 00128
01531 02476 00026 00033 00061 00112 00069

oot 00052 01031 00839
0.0121 0.0061 0.0757 0.1405 ).0023 0.0022
oour 00120 00035 00054 X 00086
00080 00221 0017 00024 0.0035 00117

0.0056 0.0026
00216

00076 00160 00174 X 00057 0.0108
0.0049 0.0099 0.0085 00111 0.0289
00080 0027 00133 00093 00282 00308
00105 003% 00230 00078 00349 0313 0.0616 00242
00062 00131 0031 00154 00139 0.3319
00061 00164 00083 00154 77 0017200960

00002 X 0001
00015 X X 0017 00009 00004 00005 0.0008
00053 00009 | 0.0002 0.0004
0.0012 00002 00012
0.0013 [JOZ6H Y Y Y 00003 0.0009
00002 00001 00001 00004
0.0001 0,001 | 00004
0.0010 [0 X X 5 0.0002 0.0008
00010 |0 0.0002 00008
00002 00060 00003
00002 X X X 00045 0.0004 0001
00003 0.0002 00145 0002 00002 0.0003
0.000¢ 0001 | 00009 00003 00004 00003

Copper W NG.UK Gasoil Cocoa.UK  Cocoa.US  Coffee Cattle Feeder Live.Cattle _Lean Hogs Wheat
0. 0001 0 01 0.

0.0003

0.0002

0.0003

0.0005

0.0002 Y

0.0002 0.0049

» Original Return Spatial Connectedness Table
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Additional results

Return BK Connectedness Table

y decomposition of Return connectedness graphs

Return BK Term 1 (1-21d) net pairwise Connectedness

€

Cocoa.UK

Soy.Oil

Heating Oil

Cotton

Copper’ Silver Sdy.Maal

Cacoa.US

Sugar

N
Catfle Fepder
\_J
tle

Return BK Term 2 (21-Infd) net pairwise Connectedness

Silver

Cocoa.UK
Heating Oil

@ Sugar
Sqy.Mgal Copper
N
Cattle.Fegder
/
Lille Soy.Oil

Cotton
Cocoa.US

T

Frequency Decompositi



Additional results

Volatility Connectedness Table

Volatility Connectedness Table (Caloia et al.

Gold
0.0025
0.0047

0.0025

00030
0.0034

Silver
0.0161

Copper

00033
00112
00344
00143

00183
00232

wri
01117
03745
02724
98.4741

10413
10936
17222
12477
0.2037
02285
03157
03039

0.2284 00139

NG.UK
0.0826

Heating Oil
0.0060

Gasoil
7

0.0187
00159
0.1250
0.0011
00597
00831
01384
0.0550
00120

Cocoa.UK Cocoa.Us.

00066 0.0075
0,005
00168
0.0090
00192
00231
0.0083
0.0074
00219
0.0383
0.0074

Coffee.
0.0035
0.0121
00093
00234
0.0168
00381
00421
00165
00134
0.0090
0.0107
00797
00129

0.0104
00109
0.0107
0.0081
0.0088
00142
0.0108

Sugar Cattle Feeder _Live Cattle
00082
00182
00106
00202

Lean Hogs
00040
00135
00103
00410
0.0215
00436
0.0541
00194
00192
00116
00138
00169
00153

00046
0.0055
0.3850

Cotton
00027
0.0097
0.0075
00152

0.0075
0,009
0.0100

00023
0.0067
0.0516
0.0078
0.0065
0.0068
00109
0.0084

Soy Meal

0,003
00101

0.0082
00103
0.0097

00023
0.0079
0.0084
0.0687
00209
0.0090
00141
0.0158

Soybean

0.0064
0.0052
0.0084
0.0074
00132
00160
0.0068
0.0056
0.0044
0.0049
0.0061
0.0059

0.0047
0.0058
0.0228
0.0304
0.0086
0.0088
0.0109

Soy.Oil

0.0053
0.0046
0.0086
0.0078
00135
00191
0.0076

Wheat
0.0048
00163
00119
00246
00190
00395
00556
00192
00162
00114
00130
00154

00033
00039
00139
0.0150
00126

0.0819

Gold  Silver  Copper WTI  Brent _
Gold  0.0025 0.0161 [70:00337 0.1117 | 0.0064 ® Owriprent = 0.2016
Silver [10:0047 01015 00112 03745 0.0201 ° 0 — 2.7564
Copper |0.0014 00160 0.0344 02724 0.0170 Brent—WTI
WTI 0.0025 0.0254 0.0143 98.4741 0.2016 = Net pairwise: (WT| N Brent)
Brent |0.0017 | 0.0181 0.0111 [2i7564] 0.1581

(2.7564 — 0.2016) = 2.5548
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Preliminary results for extensions

Preliminary results for extensions

ing, Raynaud (PSL Université Paris-DaA



Preliminary results for extensions = Removing residual correlations
Correlations create artificial connectedness (Barunik &
Krehlik, 2018)

Gold  Silver  Copper WTI  Brent NGUS NGUK Heating.Oil Gasoil Cocoa.UK Cocoa.S Coffee  Sugar Cattle.Feeder Live.Cattle LeanHogs Cotton Soy.Meal Soybean Soy.Oil Wheat
00084 0,001 0.0001 00049 (00001 00001 00005 7000001 00001 0,002 [NOI0000) 0000 00001 00001 00001 [JOI0000Y0.0000
00000] 03300 00003 0.0227 (000! 00001 00038 00006 00001  0.0008 002 00000 00001 00005 00005 | 0.0000
[ 0.0000MB00000 0.1255 00109 00003 00007 00063 00001 (1701 00013 00009
00001 0.0002 00086 0.0001 00020 00031 0.0002 0000 00001 00003 00004 00003 00004
HOI000RIOI0000 0.0001 [NOSTISN 06423 00021 00001 00002 00001 [0S 000001 0.0002 [JOI0000N  0.0000 O
00001 0.0030  0.0001 00030 00035 00016 JNOK 00001 [NO,0000
0.0001 0.0009 0.0006  0.0006 0.0001 0.0010 0.0000
00048 05740 00004
00002 0713 00013 00008 00004 00666 03778

00010 00005 0.0001
0.0003 [100000

0.0000
0.0001
0.0001

0000
0.0000
0.0001
00001
0.0001
0.0001
00000
0.0001

00002 00076 0.0015 00005  0.0002 0.0001 [ 0,0000 X 0.0003

Gold  Silver Copper WTI  Brent _
Gold ~ 0.0084 | 0.0001 0.0001 0.0049 ~0.0001 ® OwTicprent = 0.0047
Silver  [10:00007 03300 0.0003  0.0227 | 0.0000 e 0 = 0.5715
Copper [0.0000 JOI0000N 0.1255  0.0109 0.0003 Brent —WTI
WTI 00001 0.0002 00008 99.9687 00047 = Net pairwise: (Silver — Gold)
Brent [J0I0000NT0:00007 0.0001 [NOS7I5N 0.6423 (0.5715 — 0.0047) = 0.5668

» Original Return Spatial Connectedness Table
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