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Since the great financial crisis of 2008, many studies have pointed out that even in the portfolio where the asset
allocation is sufficiently diversified, it is still possible that risk allocation is well concentrated to a few assets. One
approach to this problem is risk parity strategies which equalize the risk contribution of each asset. However, even
if we equalize the risk contribution, risk sources are not necessarily diversified.

In this paper, we propose non-hierarchical clustering-risk parity strategy which will equalize risk contribution
from and within each cluster. In addition, in order to ensure robustness of clustering, we also propose x-means++
algorithm which combines k-means++ with x-means. Assuming assets with similar movement have common risk
sources, our approach will construct a portfolio which equalizes risk sources. Empirical analysis using actual price
data of various asset classes shows that our proposed method will outperform risk-parity strategies or hierarchical
clustering risk parity strategies.
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ICE CO1 Comdty

ICE QS1 Comdty

WTI CL1 Comdty

NY XB1 Comdty

NYM HO1 Comdty

NY NG1 Comdty

NYB CT1 Comdty

NYB KC1 Comdty

NYB CC1 Comdty

NYB SB1 Comdty

CBT S 1 Comdty

KCBT Hard Red Winter Wheat KW1 Comdty

CBT C 1 Comdty

CBT W 1 Comdty

CME LH1 Comdty

CME Feeder Cattle Future FC1 Comdty

CME LC1 Comdty

CMX GC1 Comdty

SI1 Comdty

LME LA1 Comdty

LME LN1 Comdty

LME LL1 Comdty

LME LX1 Comdty

CMX HG1 Comdty

/ EUR Curncy

AUD Curncy

CAD Curncy

DKK Curncy

/ JPY Curncy
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CHF Curncy
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CBOT10 TY1 Comdty
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IBEX35 MEFF IB1 Index

FTSE/MIB Index Future ST1 Index
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OSE NK1 Index

HI1 Index
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KFE KOSPI 200 Index KM1 Index

OBX OSLO Index OI1 Index

SGX MSCI Singapore Index QZ1 Index

ICE EM MES1 Index
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5.99% 11.04% 11.55% 8.21% 6.78% 6.05% 6.82% 6.36% 5.68% 4.75% 0.42% 7.22%
7.70% 16.41% 16.34% 11.07% 10.30% 9.39% 9.84% 9.45% 8.75% 8.86% 0.98% 8.72%

/ 0.78 0.67 0.71 0.74 0.66 0.64 0.69 0.67 0.65 0.54 0.44 0.83
53.91% 99.39% 103.94% 73.86% 61.01% 54.46% 61.37% 57.26% 51.16% 42.74% 3.82% 64.98%
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