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Περίληψη ηης διπλωμαηικής εργαζίας ζηην ελληνική γλώζζα 

    Σε απηό ην επηζηεκνληθό άξζξν αζρνινύκαζηε κε ην επξύηεξν ζέκα ηεο 

δηαρείξηζεο ησλ θεθαιαίσλ ελόο επελδπηηθνύ ραξηνθπιαθίνπ ζε ζρέζε κε ηνλ 

θίλδπλν πνπ απνξξέεη από ηηο ππνρξεώζεηο ηνπ ζπγθεθξηκέλνπ επελδπηή. Με ηνλ όξν 

«δηαρείξηζε» ελλννύκε ηελ επηινγή αιιά θαη ηελ θαηαλνκή ηνπ δηαζέζηκνπ πξνο 

επέλδπζε θεθαιαίνπ κεηαμύ ησλ δηαθόξσλ επελδπηηθώλ εξγαιείσλ. Σθνπόο ηεο 

δηαδηθαζίαο απηήο είλαη ε κεγηζηνπνίεζε ηεο ζπλάξηεζεο ρξεζηκόηεηαο ηνπ 

επελδπηή.  

    Υπάξρνπλ δηαθνξεηηθνί ηύπνη επελδπηώλ θαη ν θαζέλαο από απηνύο έρεη κηα 

δηαθνξεηηθή ζπλάξηεζε ρξεζηκόηεηαο. Γηα παξάδεηγκα ππάξρνπλ επελδπηέο πνπ 

έρνπλ σο απνθιεηζηηθό ζθνπό ηελ κεγηζηνπνίεζε ηεο πξαγκαηηθήο απόδνζεο ηνπ 

ραξηνθπιαθίνπ, κε έρνληαο ππνρξεώζεηο άκεζα ζπζρεηηζκέλεο κε ηελ επέλδπζε. 

Καηά ηελ δηαδηθαζία ηεο ζύλζεζεο ηνπ ραξηνθπιαθίνπ νη επελδπηέο απηνί 

αζρνινύληαη απνθιεηζηηθά κε ηελ θύζε θαη ηηο ηδηόηεηεο ησλ δηαζέζηκσλ 

επελδπηηθώλ εξγαιείσλ. Σηόρνο είλαη λα επηιέμνπλ κε ηελ ζσζηή ζηάζκηζε απηά ηα 

εξγαιεία πνπ κεγηζηνπνηνύλ ηελ απόδνζε ηνπ ραξηνθπιαθίνπ θαη ηαπηόρξνλα είλαη 

ζπκβαηά θαη κε ην ύςνο ηνπ θηλδύλνπ πνπ επηζπκνύλ λα αλαιάβνπλ. Απηνί νη 

επελδπηέο έρνπλ ζπλήζσο βξαρππξόζεζκν έσο κεζνπξόζεζκν επελδπηηθό νξίδνληα. 

Έλαο ηέηνηνο ηύπνο επελδπηή είλαη ηα ακνηβαία θεθάιαηα.  

    Υπάξρνπλ θάπνηνη άιινη ηύπνη επελδπηώλ νη νπνίνη έρνπλ ζπγθεθξηκέλεο θαη 

άκεζα ζπζρεηηζκέλεο κε ηελ επέλδπζε ππνρξεώζεηο. Ο επελδπηηθόο ζηόρνο ζε απηή 

ηελ πεξίπησζε δηαθνξνπνηείηαη κεξηθώο. Οη ππνρξεώζεηο απηέο είλαη εθηηζέκελεο ζε 

αληίζηνηρνπο θηλδύλνπο. Ο ζηξαηεγηθόο απηόο επελδπηήο, κέζσ ηεο δηακόξθσζεο ηνπ 

επελδπηηθνύ ραξηνθπιαθίνπ, πξέπεη αθελόο λα αληηζηαζκίζεη ηελ έθζεζε ηνπ ζηνπο 

θηλδύλνπο πνπ ζρεηίδνληαη κε ηηο ππνρξεώζεηο θαη αθεηέξνπ λα κεγηζηνπνηήζεη ηελ 

απόδνζε ηνπ ραξηνθπιαθίνπ. Η βαζηθή δηαθνξά ζε ζρέζε κε ηνλ πξνεγνύκελν 

επελδπηή είλαη όηη ε απόδνζε ηνπ ραξηνθπιαθίνπ πξνο κεγηζηνπνίεζε δελ είλαη ε 

θαζαξή πξαγκαηηθή απόδνζε πνπ απνθέξνπλ ηα επελδπηηθά εξγαιεία. Δίλαη ε 

ππεξβάιινπζα απόδνζε απηώλ ησλ εξγαιείσλ ζε ζρέζε κε ηελ απόδνζε πνπ 

απαηηείηαη γηα λα αληηζηαζκηζηνύλ νη παξάγνληεο θηλδύλνπ πνπ απνξξένπλ από ηελ 

πιεπξά ησλ ππνρξεώζεσλ. Σε απηή ηελ πεξίπησζε ε δηαδηθαζία δηακόξθσζεο ηνπ 

επελδπηηθνύ ραξηνθπιαθίνπ γίλεηαη πην πεξίπινθε. Ο επελδπηήο εθηόο από ηελ θύζε 
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θαη ηηο ηδηόηεηεο ησλ επελδπηηθώλ εξγαιείσλ πνπ αθνξνύλ ην θνκκάηη ηνπ ξίζθνπ ζα 

κεηαβηβάζνπλ ζην ραξηνθπιάθην, πξέπεη λα ειέγμεη θαη ηηο ηδηόηεηεο ηνπο σο πξνο 

ηελ απνηειεζκαηηθόηεηα ηεο αληηζηάζκηζεο ησλ παξαγόλησλ θηλδύλνπ ησλ 

ππνρξεώζεσλ. Απηνί νη επελδπηέο έρνπλ ζπλήζσο καθξνρξόλην επελδπηηθό νξίδνληα. 

Έλαο ηέηνηνο ηύπνο επελδπηή είλαη ηα ζπληαμηνδνηηθά ηακεία θαη κε απηόλ 

αζρνινύκαζηε ζην ζπγθεθξηκέλν άξζξν. 

    Σε απηή ηε θαηεγνξία επελδπηώλ ππάξρνπλ πεξαηηέξσ δηαθνξνπνηήζεηο νη νπνίεο 

αθνξνύλ ηνλ ηξόπν δηαρείξηζεο ηεο θαηαλνκήο ησλ επελδπηηθώλ θεθαιαίσλ ζηα 

επηκέξνπο επελδπηηθά εξγαιεία. Οη «ζηαηηθνί» επελδπηέο δηακνξθώλνπλ εμαξρήο κηα 

ζπγθεθξηκέλε θαηαλνκή ηελ νπνία δελ αιιάδνπλ νύηε αλαπξνζαξκόδνπλ πνηέ θαηά 

ηελ δηάξθεηα ηνπ ρξόλνπ. Οη «δπλακηθνί» επελδπηέο αιιάδνπλ ζπλερώο ηελ 

θαηαλνκή. Υπάξρεη θαη κηα ηξίηε θαηεγνξία πνπ είλαη έλαο ελδηάκεζνο ηύπνο 

επελδπηή ν νπνίνο αληηπξνζσπεύεη θαιύηεξα ηελ δηθή καο πξνζέγγηζε θαη 

δηακνξθώλεη αξρηθά κηα θαηαλνκή ηελ νπνία πξνζπαζεί λα δηαηεξήζεη ζηαζεξή 

θάλνληαο αγνξνπσιεζίεο αλάινγα κε ηελ θίλεζε ηεο αγνξάο. Έηζη ν ιόγνο ηεο 

αγνξαίαο αμίαο ηνπ θάζε επελδπηηθνύ εξγαιείνπ σο πξνο ηελ αγνξαία αμία ηνπ 

ραξηνθπιαθίνπ κέλεη ζηαζεξόο. 

    Τα επελδπηηθά εξγαιεία πνπ έρνπλ ζπκπεξηιεθζεί ζε παξειζνληηθέο ζρεηηθέο 

έξεπλεο είλαη ηόζν ηα παξαδνζηαθά όπσο νκόινγα, γξακκάηηα θαη κεηνρέο όζν θαη 

ελαιιαθηηθά όπσο παξάγσγα πξντόληα, ακνηβαία θεθάιαηα θαη κεηνρηθνί δείθηεο κε 

έθζεζε ζε αθίλεηε πεξηνπζία. Έσο ηώξα έρεη κειεηεζεί ηκεκαηηθά αιιά θαη εμ’ 

νινθιήξνπ ε ζπκπεξηθνξά απηώλ ησλ επελδπηηθώλ εξγαιείσλ ζην ραξηνθπιάθην 

ελόο ζηξαηεγηθνύ επελδπηή κε ππνρξεώζεηο. Σηελ δηθή καο έξεπλα 

ζπκπεξηιακβάλνπκε θαη ηηο έμη απηέο θαηεγνξίεο επελδπηηθώλ εξγαιείσλ.     

    Όζνλ αθνξά ην θνκκάηη ηνπ θηλδύλνπ πνπ απνξξέεη από ηηο ππνρξεώζεηο ελόο 

ηέηνηνπ επελδπηή θαη ζπγθεθξηκέλα ελόο ζπληαμηνδνηηθνύ ηακείνπ, ε βηβιηνγξαθία 

έσο ζήκεξα ην έρεη αληηιεθζεί σο έλα ζπλδπαζκό πνπ βαζίδεηαη ζηνλ θίλδπλν 

επηηνθίσλ θαη ζηνλ πιεζσξηζκό ησλ ηηκώλ. Σην ζπγθεθξηκέλν άξζξν αγλννύκε ηνλ 

θίλδπλν ησλ επηηνθίσλ θαη αζρνινύκαζηε κε ην θνκκάηη ηνπ πιεζσξηζκνύ 

εζηηάδνληαο ηελ έξεπλα καο απνθιεηζηηθά ζηα ζπληαμηνδνηηθά ηακεία. Δπηρεηξνύκε 

λα πξνηείλνπκε έλα λέν κέηξν θηλδύλνπ πνπ ζα αληηθαηαζηήζεη ηνλ πιεζσξηζκό ησλ 

ηηκώλ θαη είλαη ν πιεζσξηζκόο ησλ κηζζώλ. Η ινγηθή ηεο πξόηαζεο καο έγθεηηαη ζην 
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γεγνλόο όηη ε βαζηθή ππνρξέσζε ελόο ζπληαμηνδνηηθνύ ηακείνπ είλαη ε πεξηνδηθή 

θαηαβνιή ησλ ζπληάμεσλ. Τν πνζό ηεο κεληαίαο ζύληαμεο ηνπ θάζε αζθαιηζκέλνπ 

εμαξηάηαη από ηηο αζθαιηζηηθέο εηζθνξέο ηηο νπνίεο πιεξώλεη θαηά ηελ δηάξθεηα ηεο 

εξγάζηκεο δσήο ηνπ. Τν πνζό απηό ησλ αζθαιηζηηθώλ εηζθνξώλ είλαη ζπλάξηεζε ηνπ 

κηζζνύ ηνπ εξγαδνκέλνπ. Υπό απηό ην πξίζκα ινηπόλ ζεσξνύκε πην εύινγν γηα έλα 

ζπληαμηνδνηηθό ηακείν λα κεηξάεη ηνλ θίλδπλν κεηαβνιήο ησλ ππνρξεώζεσλ ηνπ κε 

βάζε ηνλ θίλδπλν κεηαβνιήο ησλ κηζζώλ ή αιιηώο ηνλ πιεζσξηζκό ησλ κηζζώλ θαη 

όρη κε βάζε ηνλ πιεζσξηζκό ησλ ηηκώλ.  

    Ο πιεζσξηζκόο ησλ ηηκώλ κεηξάηαη κέζσ ηεο κεηαβνιήο ηνπ δείθηε ηηκώλ 

θαηαλαισηή. Γηα ηνλ πιεζσξηζκό ησλ κηζζώλ εμάγνπκε ηελ κεηαβνιή ηνπ εξγαηηθνύ 

θόζηνπο αλά κνλάδα παξαρζέληνο πξντόληνο ηνπ επξύηεξνπ επηρεηξεζηαθνύ ηνκέα 

ησλ Ηλσκέλσλ Πνιηηεηώλ Ακεξηθήο. Πξηλ πξνρσξήζνπκε ζηα εκπεηξηθό θνκκάηη 

απηήο ηεο εξγαζίαο, ειέγρνπκε ηελ ηζηνξηθή ζρέζε κεηαμύ ηνπ πιεζσξηζκνύ ησλ 

ηηκώλ θαη ηνπ πιεζσξηζκνύ ησλ  κηζζώλ κέζσ ηνπ ζπληειεζηή ζπζρέηηζεο ηνπο. 

Σπκπεξαίλνπκε όηη ε θίλεζε ησλ δύν κεηαβιεηώλ είλαη ζρεηηθά παξάιιειε θαη 

ραξαθηεξίδεηαη από κέηξηα ζπζρέηηζε. Παξαηεξνύκε επίζεο όηη ε θίλεζε ηνπ 

πιεζσξηζκνύ ησλ κηζζώλ πξνεγείηαη ρξνληθά ηεο αληίζηνηρεο ησλ ηηκώλ γεγνλόο πνπ 

δείρλεη θαηά έλα ηξόπν πνην κέγεζνο επεξεάδεη ην άιιν. Γηα απηό ην θνκκάηη ηεο 

ζρέζεο κεηαμύ ησλ δύν κεγεζώλ έρεη πξνεγεζεί θαη ζρεηηθή βηβιηνγξαθία πνπ κε 

κέξνο ηεο νπνίαο είκαζηε ζπλεπείο.  

    Σην εκπεηξηθό θνκκάηη απηνύ ηνπ άξζξνπ ρξεζηκνπνηνύκε δεδνκέλα από ην 

δεύηεξν ηξίκελν ηνπ 1991 έσο ην πξώην ηξίκελν ηνπ 2012. Τα δεδνκέλα καο 

αθνξνύλ απνδόζεηο ησλ έμη επελδπηηθώλ εξγαιείσλ (νκόινγα, κεηνρέο, γξακκάηηα, 

παξάγσγα πξντόληα, ακνηβαία θεθάιαηα, κεηνρηθνύο δείθηεο αθίλεηεο πεξηνπζίαο), 

απνδόζεηο ησλ δύν κεηαβιεηώλ θηλδύλνπ ησλ ππνρξεώζεσλ (πιεζσξηζκόο ηηκώλ θαη 

κηζζώλ) θαη ηηο απνδόζεηο νξηζκέλσλ ζηαηηθώλ κεηαβιεηώλ νη νπνίεο εμππεξεηνύλ 

ηελ ηθαλόηεηα πξόβιεςεο ηνπ κνληέινπ καο.  Βαζηδόκαζηε ζε έλα VAR κνληέιν 

κέζσ ηνπ νπνίνπ πξνβιέπνπκε δύν βαζηθέο θαηεγνξίεο κεγεζώλ ζε επελδπηηθό 

νξίδνληα από 1 έσο 100 ηξίκελα ή 25 έηε. 

    Αξρηθά κειεηάκε ηηο ηδηόηεηεο ησλ επελδπηηθώλ εξγαιείσλ σο πξνο ηνλ θίλδπλν 

πνπ ελέρνπλ, σο πξνο ηελ δηαθνξνπνίεζε πνπ πξνζθέξνπλ ζην ραξηνθπιάθην αιιά 

θαη σο πξνο ηηο αληηζηαζκηζηηθέο ηνπο ηθαλόηεηεο ηόζν έλαληη ηνπ πιεζσξηζκνύ 
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ηηκώλ όζν θαη έλαληη ηνπ πιεζσξηζκνύ κηζζώλ ζε δηαθνξεηηθνύο επελδπηηθνύο 

νξίδνληεο. Καηαιήγνπκε ζην όηη ηα παξάγσγα πξντόληα, αλ θαη ελέρνπλ ηνλ 

πςειόηεξν θίλδπλν γηα ηνλ επελδπηή, είλαη ην θαιύηεξν αληηζηαζκηζηηθό εξγαιείν 

έλαληη ηνπ πιεζσξηζκνύ ηηκώλ ζε όινπο ηνπο επελδπηηθνύο νξίδνληεο ελώ 

ραξαθηεξίδνληαη από κέηξηεο αληηζηαζκηζηηθέο ηδηόηεηεο έλαληη ηνπ πιεζσξηζκνύ 

κηζζώλ γηα καθξύ νξίδνληα. Σε αληίζεζε κε ηα παξάγσγα πξντόληα, ηα ακνηβαία 

θεθάιαηα αλ θαη έρνπλ πςειή έθζεζε ζε νκόινγα θαη κεηνρέο, δείρλνπλ ην ίδην 

απνηειεζκαηηθά αληηζηαζκηζηηθά εξγαιεία ηόζν έλαληη ηνπ πιεζσξηζκνύ ηηκώλ όζν 

θαη έλαληη ηνπ πιεζσξηζκνύ κηζζώλ γηα επελδπηηθό νξίδνληα κεηά από ηξία θαη ελλέα 

έηε αληίζηνηρα. Σπκπεξαζκαηηθά θαηαιήγνπκε ζην όηη νη ελαιιαθηηθέο θαηεγνξίεο 

επελδπηηθώλ πξντόλησλ πξνζζέηνπλ αμία θαηά ηελ αληηζηάζκηζε ησλ παξαγόλησλ 

θηλδύλνπ ησλ ππνρξεώζεσλ ελώ νη παξαδνζηαθέο θαηεγνξίεο πξντόλησλ ζπκβάιινπλ 

ζηελ δηαηήξεζε ρακεινύ θηλδύλνπ θαη θαιήο δηαθνξνπνίεζεο ηνπ ραξηνθπιαθίνπ 

ηνπ επελδπηή.   

    Σην δεύηεξν ζθέινο ηνπ εκπεηξηθνύ κέξνπο ππνινγίδνπκε ηελ βέιηηζηε ζύλζεζε 

ηνπ ραξηνθπιαθίνπ θαηά κήθνο ηνπ επελδπηηθνύ νξίδνληα αιιά θαη γηα δηαθνξεηηθά 

επίπεδα θηλδύλνπ πνπ επηζπκεί λα αλαιάβεη ν επελδπηήο. Η δηαδηθαζία απηή 

ιακβάλεη ρώξα θαη γηα έλαλ επελδπηή πνπ ζέιεη λα αληηζηαζκηζηεί έλαληη ηνπ 

πιεζσξηζκνύ ηηκώλ αιιά θαη γηα ηνλ αληίζηνηρν πνπ επηζπκεί λα αληηζηαζκίζεη ην 

ραξηνθπιάθηό ηνπ έλαληη ηνπ πιεζσξηζκνύ κηζζώλ. Τα απνηειέζκαηα γηα ηηο δύν 

πεξηπηώζεηο αληηζηαζκηζηηθώλ επελδπηηθώλ ραξηνθπιαθίσλ είλαη ζρεδόλ 

παλνκνηόηππα. Τα γξακκάηηα απνηεινύλ ζε θάζε πεξίπησζε έλα αμηόινγν πνζνζηό 

ζην ραξηνθπιάθην ηνπ βξαρππξόζεζκνπ επελδπηή θαζώο νη ζύληνκεο πεξηνδηθέο 

ιήμεηο ηνπο θαη ε επαλεπέλδπζε ζηε ζπλέρεηα ελζσκαηώλεη όιεο ηηο κεηαβνιέο ησλ 

παξαγόλησλ θηλδύλνπ. Τα νκόινγα πξνηηκνύληαη από κέζν-καθξνπξόζεζκνπο 

επελδπηέο θαη ηδηαίηεξα από απηνύο πνπ δελ επηζπκνύλ λα αλαιάβνπλ πςειό επίπεδν 

θηλδύλνπ. Οη κεηνρηθνί δείθηεο ζε αθίλεηε πεξηνπζία απνδεηθλύεηαη όηη έρνπλ 

παξόκνηεο ηδηόηεηεο κε ηηο κεηνρέο. Έλα από ηα δπν απνηειεί κέξνο ηνπ 

ραξηνθπιαθίνπ ζε όινπο ηνπο επελδπηηθνύο νξίδνληεο θαη εηδηθά ζηνπο 

καθξνπξόζεζκνπο. Τα παξάγσγα πξντόληα, κε ρακειά πνζνζηά, 

ζπκπεξηιακβάλνληαη ζην ραξηνθπιάθην ηδηαίηεξα από βξαρππξόζεζκνπο θαη πην 

ξηςνθίλδπλνπο επελδπηέο. Τα ακνηβαία θεθάιαηα δελ είλαη ηδηαίηεξα ειθπζηηθά θαη 
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απιώο πξνηηκώληαη από επελδπηέο ρακεινύ θηλδύλνπ ζε πεξηπηώζεηο πνπ νη ηδηόηεηεο 

ησλ παξαγώγσλ πξντόλησλ είλαη θαθέο. 

    Δθόζνλ ηα απνηειέζκαηα ηεο ζύλζεζεο ησλ δύν ηύπσλ ραξηνθπιαθίσλ είλαη 

παξόκνηα δελ κπνξνύκε λα εμάγνπκε θαζαξά ζπκπεξάζκαηα γηα ην αλ ν 

πιεζσξηζκόο ησλ κηζζώλ έλαληη ηνπ πιεζσξηζκνύ ησλ ηηκώλ είλαη βέιηηζην κέηξν 

γηα έλα κέξνο ηνπ θηλδύλνπ ησλ ππνρξεώζεσλ ελόο ζπληαμηνδνηηθνύ ηακείνπ. Αλ ηα 

απνηειέζκαηα ήηαλ δηαθνξεηηθά, κε βάζε ηε  ζύλζεζε ζνπ αληηζηαζκηζηηθνύ 

ραξηνθπιαθίνπ έλαληη ηνπ πιεζσξηζκνύ ησλ κηζζώλ ζα ππνινγίδακε ηελ απόδνζε 

ηνπ αληηζηαζκηζηηθνύ ραξηνθπιαθίνπ έλαληη ησλ ηηκώλ. Η δηαθνξά απηώλ ησλ δύν 

απνδόζεσλ ζα καο έδηλε ηελ επίπησζε ζηνλ πινύην ηνπ επελδπηή. Μηα ζεηηθή 

επίπησζε ζηνλ πινύην ζα ζήκαηλε όηη ηα ζπληαμηνδνηηθά ηακεία ππνεθηηκνύλ ηηο 

απνδόζεηο ησλ επελδπηηθώλ ηνπο ραξηνθπιαθίσλ ρξεζηκνπνηώληαο ηνλ πιεζσξηζκό 

ηηκώλ ζαλ κέηξν εθηίκεζεο ηνπ θηλδύλνπ ησλ ππνρξεώζεώλ ηνπο. 

    Δπόκελεο κειέηεο ζα κπνξνύζαλ λα πξνζζέζνπλ ζηνλ πιεζσξηζκνύ κηζζώλ θαη 

ηνλ θίλδπλν επηηνθίσλ. Μηα πην πιήξεο απεηθόληζε ηνπ θηλδύλνπ πνπ απνξξέεη από 

ηηο ππνρξεώζεηο ελόο ζπληαμηνδνηηθνύ ηακείνπ ίζσο νδεγήζεη ζε ζεκαληηθά 

δηαθνξεηηθή ζύλζεζε ηνπ ραξηνθπιαθίνπ ε νπνία παξάζρεη ζηνλ επελδπηή ηελ 

επθαηξία γηα πςειόηεξεο ππεξβάιινπζεο απνδόζεηο.           
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Strategic Asset Allocation under Wage Inflation-

Pension Funds 

 

Abstract 

  This paper determines the optimal strategic asset allocation under wage inflation. 

Pension Funds are investors with risky liabilities which are subject both to real 

interest rate and inflation risk. We focus on the “inflation fluctuation” side of risk, 

suggesting that wage inflation hedging is more optimal than CPI hedging, in the 

context of Asset-Liabilities Management. Asset classes to invest are both traditional 

(T-Bills, Government Bonds, Equity) and alternatives (Commodities, Hedge Funds, 

Listed Real Estate). Based on a VAR model for assets returns, wage inflation and 

macro-economic state variables we specify the hedging capacity of the assets against 

wage inflation. The inter-temporal covariance structure between assets and wage 

inflation combined both with the investment horizon and the investor’s risk-aversion 

level leads to an optimal asset allocation of the portfolio. We find that use of wage 

inflation, instead of CPI, in the liabilities risk measuring process, results in a similar 

optimal asset allocation despite its different risk term structure. 
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Introduction 

   Pension Funds are institutional investors with risky liabilities. These liabilities are 

subject to the risk of both fluctuating inflation and real interest rate. A strategic 

investor should primarily invest in this combination of assets which effectively 

provides hedging against liabilities risk. This is the most crucial investment objective. 

Furthermore, the optimal strategic asset allocation depends on the investment horizon 

as well as the “risk aversion” level of the investor. Assets which have already been 

tested for their hedging quality against liabilities risk are both traditional (T-Bills, 

Government Bonds, Equity, Corporate Bonds) and alternative (Commodities, Hedge 

Funds, Listed Real Estate, Currencies). 

   Long-term institutional investors, such as Pension Funds, should identify all these 

liabilities risks, in order to implement an optimal investment strategy in an Asset-

Liabilities Management context. Large part of the literature’s studies, has tested assets 

quality only against price inflation risk (Laura Spierdijk-Zaghum Umar 2011, M. 

Brière and O. Signori 2010, Salvatore Bruno and Ludwig Chincarini 2009), whereas 

another part has tested it, both against price inflation and real interest rate risk 

(R.P.M.M. Hoevenaars et al. 2008, van Binsbergen and Brandt 2007, Goetzmann and 

Valaitis 2006, Michael J. Brennan and Yihong Xia 2002, Amenc et al. 

2009). 

     On the one hand, Spierdijk and Umar test traditional asset classes such as T-Bills, 

Bonds and Stocks against price inflation hedging. They find positive hedging capacity 

in T-Bills and Stocks both for short and long-run investment horizon. They regard T-

Bills as the best hedging tool against CPI due to its short maturity which let it be less 

susceptible to price inflation changes than stocks. Bruno and Chincarini use a more 

wide variety of assets adding to the respective traditional some alternative classes 

such as commodities, real estate, TIPS (Treasury Inflation Protection Securities) and 

currencies. They test the hedging quality of these assets against price inflation in an 

international level (both in Europe and US) and they conclude that the best portfolio is 

a combination of government bills, government bonds, emerging markets equity and 

some gold and oil commodities. They find good hedging quality in TIPS only in a 

100% weight in the long-run investor portfolio. They propose that hyperinflation 
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countries investors should include in their hedging portfolio short positions in local 

currency (against strong currency) as well as bond-indexes and t-bills. Briere and 

Signori also focus on the price inflation related part of liabilities and test both 

traditional and alternative assets hedging capacity against it in different 

macroeconomic environment. Both in volatile (with countercyclical inflation shocks) 

and stable (with pro-cyclical inflation shocks) economic regime an investor with 

short-run horizon should mainly invest in cash. A long-run investor in a volatile 

economic regime, except of cash, should also add IL bonds, equity, commodities and 

real estate in the inflation hedging portfolio. The respective investor in a stable 

economic regime, except of cash, should also mainly invest in nominal bonds and 

secondarily in commodities and equity with lower weights. 

    On the other hand, Hoevenaars approaches the liabilities risk in a more complete 

way taking into account both the price inflation and the interest rate risk. Far from the 

traditional assets he includes in its research alternative assets like corporate bonds, 

commodities, hedge funds and listed real estate. He focuses on the alternative assets 

properties and tests if their accession to the investor portfolio adds value to the 

liabilities hedging process. He researches about the best ALM investor’s portfolio mix 

in terms of liabilities hedging quality, risk diversification and investment horizon. He 

finds that both government and corporate bonds weight should be up to the 50% of 

the total portfolio as they are the best hedging tool against real rate risk. T-bills weight 

should be an important part of the total portfolio because they are low risky in the 

short-run and they have good risk diversification properties with stocks and bonds as 

well as good price inflation hedging qualities in the long-run. Stocks should have 

some weight in the portfolio only for an investor with long horizon. Commodities 

weight should be positive and increasing with the investment horizon as they have the 

best risk diversification properties and good inflation hedging quality. Listed real 

estate properties are mainly captured by stocks. Although hedge funds have good 

inflation hedging properties in the long-run, they have high exposure to stocks and 

bonds and therefore they are not good in terms of risk diversification. He concludes 

that alternative assets add value for the long term ALM investor because they have 

good liabilities hedging properties at all horizons. Brenan investigates the optimal 

dynamic strategy for an ALM investor who targets to maximize his power utility. He 

finds that the best strategy is to invest in cash, stocks and nominal bonds whose 
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weights depend on the risk aversion degree of the investor which afterwards defines 

the bond’s maturity. 

    In this paper we focus on the “inflation fluctuation” side of liabilities risk. We 

propose the “wage inflation” change as an optimal measure of liabilities risk which 

should replace the Consumer Price Index (CPI) fluctuation in an ALM context. 

   Pension Funds have a primary liability which is just the pension payment. The 

pension level depends on the monthly amount for social security which employees 

pay to the pension fund. The amount for social security is a fixed or semi-fixed 

proportion of the monthly wage of the employee. As a result of that, we conclude that 

changes in wages directly cause changes in the liabilities of the Pension Fund. On the 

other hand, changes in the Consumer Price Index cause opposite changes in the 

disposable income of the employee, in an after “payment for social security” basis. 

   Although this reasoning could sound sensible by itself, there are studies in literature 

which thoroughly research the relationship between price inflation (CPI) and wages, 

proving that these variables are not uncorrelated. These studies particularly focus on 

the causal relationship between these 2 variables and their research outputs vary. 

Some of them show that prices cause wages (Hess and Schweitzer 2001, Caporale and 

Skare 2001, Hess 1999, Mehra 1993-2000), other indicate that wages cause prices 

(Farrokh Nourzad 2008, Hoxha 2010 for Germany, Ghali 1999, Hess 1999, Mehra 

2000) and just a few of them conclude that there is bidirectional causality between 

these 2 variables (Zanetti 2007, Hoxha 2010 for EU27, Hess 1999, Mehra 1993). 

    Hess and Schweitzer describe these 2 variables relationship as a “wage-price 

spiral”. According to this effect when demand increases unemployment falls causing 

wages increase. This wages increase causes a respective prices jump which leads 

again to higher wages. They measure wage both with two alternative ways, the wage 

per unit produced and the wage which includes all compensations which are not 

related to productivity such as option based compensations and self-employed 

earnings. They test the direction of the causality between wages and prices and they 

find more systematic evidence that price inflation helps predict wages. Caporale and 

Skare are based on a Vector Error Correction Model (VECM) and through Granger 

causality tests they find that price inflation positive growth leads to positive 

employment growth in the short-term and negative employment growth in the long-
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term. The effect in wages is downstream to the respective effect in employment 

growth.  

    Nourzad uses two measures for wages, both of them are related to productivity. The 

unit labor cost (ULC) and the average earnings per unit of output (AHE). ULC is the 

sum of wages or salaries and the employer’s cost of employee benefits, per unit of 

output. AHE is also adjusted to productivity but it does not include employer’s cost 

for employee benefits. He is based on a Vector Error Correction Model and finds that 

the all the variables are cointegrated. He finds both that ULC causes prices and that it 

could be used to forecast CPI through “weak” and “strong” exogenity tests 

respectively. Based on “super” exogenity tests he proves that the relationship between 

ULC and CPI described above is stable and policy invariant. Hoxha, based on data 

from Germany tests this relationship and finds that wages cause prices in the long-run.    

     Hoxha, based on data from EU27 repeats the same research and supports that the 

causality between prices and wages is bilateral both in the long and the short-run. He 

regards wage as the Labor Cost Index (LCI) which is the nominal value of salaries 

and wages in industry and services (excluding public administration), adjusted to 

working days and seasonality. LCI is not adjusted to productivity as he independently 

measures the last one with the person based labor productivity.  Finally Zanetti finds 

that price inflation explains “productivity adjusted” wage changes which afterwards 

effect on CPI again concluding that causality works in both directions.  

    We conclude from the above researches that the way of measuring the wage is very 

crucial for the research output. In any case, all these empirical results indicate that 

there is a relationship between these 2 measures and wage inflation could reasonably 

replace CPI in the liabilities risk measurement process. 

   The interest of this paper focuses on 2 key points and its research target is to: 

i. Find what the time series properties of returns on assets and wage inflation 

imply for the covariance between them at different investment horizons. 

ii. Propose the optimal strategic asset allocation according to these properties, 

taking into account both the investment horizon and the investor’s “risk 

aversion” degree. 
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   Before deriving the hedging quality of traditional and alternative assets against 

wage inflation we try explore the relationship between price inflation (CPI) and wage 

inflation through their historical correlation. We find that correlation between these 2 

liabilities risk indexes is up to 0.53 using data from 1969.We also find a little lag in 

the wage inflation movement against price inflation. This fact could confirm part of 

the literature which supports that there is a causal relationship from wages to prices 

between these variables. 

   To respond to the first two issues of this paper we use a vector-autoregressive 

(VAR) model for returns both of assets and wage inflation and some state variables. 

In this way we extract the covariance structure according to the investment horizon 

which let us find the assets hedging capacity against wage inflation as well as the 

optimal weights of them in the portfolio, in terms of risk diversification. 

   We derive that most of the assets appear the same long-run performance against 

wage inflation hedging with the respective against price inflation hedging except of 

the commodities which are more highly correlated with CPI than with wage inflation. 

Furthermore the crucial difference is that all the assets are uncorrelated with wage 

inflation in the short-run except of nominal bonds whose correlation with wage 

inflation is low and equal to 0.10. Hedge Funds seem to be a good hedging tool 

against wage inflation in the long-run but they traditionally have high exposure to 

stocks and bonds. Therefore they are not the best in terms of risk diversification. 

Commodities have good hedging qualities against wage inflation like against price 

inflation. T-Bills also appear good hedging capacity in the long-run though worse 

than this of hedge funds and commodities. In summary alternative assets have better 

hedging qualities in the long run and nominal bonds are the only moderate solution 

against wage inflation hedging in the short-run. 
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Data 

      For this paper empirical research part we use quarterly data from US. Specific 

data used for assets, liabilities and state variables are described below. 

 Assets: we form the total asset menu including both traditional asset classes 

such as t-bills, government bonds and stocks and alternative asset classes like 

commodities, hedge funds and listed real estate. For t-bill we use the yield to 

maturity of the “90-days US Treasury (constant maturity, middle rate)” which 

is extracted through calculations from its nominal rate. For government bonds 

we calculate the return of the “US Benchmark 10-Year Government Index” 

which includes coupon payments. In a similar way we calculate the return of 

the “US-DS Market” equity index which includes payments for dividends. 

Hedge fund returns are based on the “HFRI” fund of funds conservative index 

return series. HFRI is an index which represents the whole industry and it 

makes sense for us because we address hedge funds as a unified asset class 

despite the different style sectors they may include. HFRI returns index is 

equally weighted and net-of-fees offering in this way wide diversification 

across these different style sectors. Commodities returns are based on the 

“Standard and Poors GSCI” index which represents a composition of all 

world-production weighted commodity sector returns. Investment in GSCI 

index is a long-term unleveraged investment in fully-collateralized nearby 

commodity futures with full reinvestment. For listed real estate we are based 

on the “FTSE EPRA NAREIT North America” return index. This index 

represents listed real estate logarithmic returns of publicly traded companies 

on NYSE, AMEX, NASDAQ and Toronto stock exchange.  

    All these data are found in Datastream. Data for t-bills, equity and 

government bonds start in 1982:1, 1973:1 and 1980:1 respectively. 

Commodities time series start in 1970:1 but the first observation for hedge 

funds and listed real estate is in 1990:1. The final dataset used is unified and 

starts from 1990:2 when we have available observations for all the asset 

variables and ends in 2012:1. Although we could use different duration’s data 

in order to define the risk and the hedging properties of the assets, we could 

not do the same thing to find the portfolio weights which give us the optimal 

asset allocation for the investor. As a consequence of that, we use a uniform 
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dataset for all the variables and in this way the results of the first key point of 

this paper are going to be confident to the results of the second key point. 

 Liabilities: in this paper we focus on the inflation fluctuation part of the 

liabilities side and propose that the variable of the price inflation should be 

replaced with the variable of wage inflation. To reach this finding we test 

assets hedging properties both against price and wage inflation. Therefore we 

use data both for these two variables.  

    Based on the literature about the relationship between prices and wages we 

conclude that is very crucial to find these specific variables which represent 

better wages and prices respectively.  

    For price inflation representation some researchers have used variables like 

Harmonized Index of Consumer Prices (HICP, Hoxha 2010), Personal 

Consumption Expenditure Deflator (PCED, Nourzad 2008) and Gross 

Domestic Product Price Deflator (GDPPD, Hess & Schweitzer 2001). Despite 

this, it has been proved in the biggest part of the literature that Consumer 

Prices Index (CPI) is the more reliable index which represents the price 

changes in the best way. We use the Consumer Price Index (CPI-U All Urban, 

All Items) which is a measure of the average change over time in the prices of 

consumer items, goods and services that people buy for day-to-day living. The 

CPI is a complex construct that combines economic theory with sampling and 

other statistical techniques and uses data from several surveys to produce a 

timely and precise measure of average price change for the consumption 

sector of the American economy. CPI-U is the most frequently reported 

statistic in the media. It is based on the buying habits of the residents of urban 

or metropolitan areas in the United States, a segment of the population which 

accounts for about 87 percent of the U.S. population. 

    An important conclusion extracted from the same literature is that wages 

should be directly adjusted to productivity (Hess & Schweitzer 2001, Nourzad 

2008, Zanetti 2007, Xoxha 2010). Variables have been used that represent 

wages are Unit Labor Cost, Average Earning per Unit of Output and Labor 

Cost Index. We are based on the Unit Labor Cost (ULC) of the Business 

sector of US. Unit labor costs show the growth in compensation relative to that 

of real output. These costs are calculated by dividing total labor compensation 

by real output. Changes in unit labor costs can be approximated by subtracting 
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the change in productivity from the change in hourly compensation. Unit labor 

costs measure the labor compensation cost required to produce one unit of 

output and are derived by dividing compensation per hour by output per hour. 

Thus, increases in productivity lower unit labor costs while increases in hourly 

compensation raise them. If both series move equally, unit labor costs will be 

unchanged. 

    Data for ULC and CPI are from Datastream. Although there is enough 

availability in terms of time, the data period we use is the same with the 

respective of the assets. It starts in 1990:2 and ends in 2012:1.  

 State Variables: we add five state variables in our VAR model in order to help 

it predict the excess returns. These are the dividend yield, the nominal rate, the 

real rate, the term spread and the default spread (Hoevennars 2009). For the 

dividend yield we use the returns of the “US-DS Market Dividend Yield”. As 

nominal rate we use the return of “90 days US Treasury constant maturity-

middle rate”. The data for these two state variables are from Datastream. We 

extract the real rate abstracting the price inflation growth from the nominal 

rate we found above. We calculate term spread as the difference between the 

yield to maturity of the 10-year government bond (data found from 

Datastream) and the yield to maturity of the 90-days t-bill we extracted before 

to use this as an asset variable. Finally we construct default spread by 

abstracting the yield to maturity of the 10-year government bond from the 

middle rate of the US corporate bond seasoned by Moodys with BAA (data 

found from Datastream). Some of these state variables have been also used 

before Hoevenaars (2009) by Campbell and Shiller (1991), Brandt and Santa-

Carla (2006), Campbell et al. (2003) and Campbell and Viceira (2005). State 

variables data period is the same with the respective of assets and liabilities. 

 

Data summary statistics 

In table 1 we have the report of the summary statistics for all our data. Data period is 

common for all the data. It starts from 1990:II and ends in 2012:I. We use the same 

data period in our vector autoregressive (VAR) model too. The mean, the standard 
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deviation and the Sharpe Ratio figures are annualized. The rest figures such as min, 

max, skewness and kurtosis are reported in a quarterly basis. 

The ULC average return is lower than the CPI but it is regarded as more risky in 

terms of volatility. T-Bills have the highest average return and the lowest standard 

deviation of the asset variables. CPI and the asset variables data are negatively 

skewed indicating that the positive future returns will be probably small and frequent 

while the negative future returns will be high but infrequent. ULC is positively 

skewed and therefore we expect frequent low negative returns. Commodities, hedge 

funds and listed real estate have kurtosis figure greater than 3 while the respective 

figures for t-bills, government bonds and equity are lower than 3. 

We should remark here that alternative assets distributions have fatter tails than the 

traditional assets and as a result of that there is less risk of extreme returns. This is 

important evidence that alternative asset classes should be included in the investor’s 

portfolio through the asset allocation process. The second important evidence of the 

summary statistics report is that the two measures of liabilities fluctuation risk, ULC 

and CPI, seem to have different characteristics in terms of risk which may lead to 

different asset allocation structure. 

Table.1 

Estimation Base Annual Annual Quarterly Quarterly Quarterly Quarterly   

Variables Mean Stdev Min  Max Skewness Kurtosis 
Start 
Data 

Normal 

ULC-Business Sector Growth 0.015 0.018 -0.019 0.039 0.634 2.148 1990: II 

CPI Growth 0.026 0.010 -0.024 0.017 -2.569 14.491 1990: II 

T-bill (YTM) 0.142 0.045 0.000 0.084 -0.168 -1.074 1990: II 

10-Year Gov. Bonds incl. 
coupons 

0.070 0.070 -0.089 0.109 -0.276 0.337 1990: II 

Equity Index incl. dividents 0.091 0.150 -0.275 0.185 -1.029 2.416 1990: II 

Commodities 0.044 0.239 -0.538 0.298 -1.515 5.395 1990: II 

Hedge Funds 0.062 0.055 -0.129 0.088 -2.080 9.005 1990: II 

Real Estate 0.119 0.201 -0.380 0.210 -1.420 3.362 1990: II 

State 

Dividend Yield 0.080 0.013 0.010 0.039 0.750 0.102 1990: II 

Nominal Rate 0.139 0.043 0.000 0.081 -0.183 -1.083 1990: II 

Real Rate 0.112 0.042 -0.010 0.071 -0.280 -1.140 1990: II 

Term Spread 0.069 0.026 -0.008 0.037 -0.144 -1.281 1990: II 

Default Spread 0.093 0.017 0.014 0.055 1.803 4.123 1990: II 
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Model     

    In our VAR model we predict the nominal annualized expected returns of assets 

and liabilities and we define the annualized covariance matrix. 

𝛴(𝜏) =
1

𝑡
∗ 𝑉𝑎𝑟𝑡 𝑥𝑡

𝜏 + 𝜏 =  
𝛴𝛢𝛢

𝜏 𝜎𝛢𝐿
𝜏

𝜎𝛢𝐿
𝜏′ 𝜎𝐿

(𝜏)2  

Through the covariance matrix above we estimate the results of the first empirical part 

of our paper. [𝐱𝐭
𝛕 + 𝛕] represents the cumulative nominal returns over t periods. The 

relationship between η and 𝛴𝜏  is the assets and liabilities term strucrure of risk. 𝛔𝚨𝐋
𝛕 

represents the covariance of assets and liabilities which indicates the assets hedging 

qualities against liabilities at different horizons. 

    In the second empirical part of our paper we compute the optimal asset allocation 

for the investor’s portfolio under price inflation but also under wage inflation in order 

to compare our findinds. In our VAR model we are based on the type below to 

compute the optimal portfolio weights. 

𝛼𝑡
(𝜏) =

1

𝛾
∗ ( 1 −

1

𝛾
 ∗ 𝛴𝛢𝛢

 𝜏 +
1

𝛾
∗ 𝛴𝛢𝛢 )

−1 ∗ (𝜇𝑡
 𝜏 +

1

2
∗ 𝜎𝛢

2 −  1 − 𝛾 ∗ 𝜎𝐴𝐿
(𝜏) 

    Basically this portfolio contains two other subportfolios, the speculative (PSP) and 

the liabilities hedging one (LHP).  
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Estimation Results   

Historical relationship between wage inflation and CPI  

    It is proved by the literature that there is a stable relationship between wages and 

prices in terms of causality. Far from the direction of the causality, the fact that these 

two variables seem to be interdependent to some extent is encouraging for our 

research purpose. In order to measure the degree of the interdependence between Unit 

Labor Cost changes and Consumer Price Index changes we test their correlation. We 

use data from 1969:2 until 2012:1. The correlation variable is up to 0.53. On the one 

hand this level of correlation is enough high to be sufficient in order to indicate that 

there is a relationship between these two figures. On the other hand it seems 

supportive for our research goal which is to propose the replacement of the CPI with 

wage inflation as a measure of part of the liabilities risk for a pension fund. If the 

correlation of these variables was higher than 0.7 it would probably be meaningless to 

propose the one’s replacement with the other. The higher the correlation degree the 

most properties of one’s variable are captured by the other.  

    It is obvious from the chart 1 below that the wage inflation movement is almost 

parallel to the price inflation movement. We can also admit that there is a little lag in 

the wage inflation movement against this of price inflation. This could be a slight 

indication about the causality direction between these two variables which moves 

from wages to prices. It means that the CPI properties are not unique and are captured 

by the ULC. In table 1 there are the summary statistics for the two variables. We find 

that ULC standard deviation is equal to 0.22 and greater than the respective of the CPI 

which equals to 0.16. Based on that, we could think that the ALM investors may have 

underestimated this part of liabilities risk until now using CPI to measure that.  

    The historical correlation structure between ULC and CPI is the first encouraging 

evidence that our paper goal makes sense. 

Table.2  

Summary Statistics Mean 
Standard 
Deviation Max Min Correlation 

ULC Business 0.03231 0.02215 0.03950 -0.01886 
0.53058886 

CPI 0.04305 0.01597 0.03870 -0.02353 
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Chart.1

 

 

Historical Correlation overview 
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Labor Cost around 2000 as well as a sharp fall of price inflation between the second 
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    T-bills correlation both with CPI and ULC is up to 0.27 meaning that they have 
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correlation figure of 0.27. For price inflation hedging, equity and real estate are as 

efficient as t-bills with the correlation coefficient around 0.27-0.31. However hedge 

funds and commodities have the best hedging qualities against CPI with the 

correlation figures equal to 0.52 and 0.78 respectively. 

    High correlation observed between equity and both “hedge funds” and “listed real 

estate”, 0.65 and 0.69 respectively, is absolutely expected as these two alternative 

asset classes are highly exposed to equity straightly or equity indexes. Correlation 

between hedge funds and commodities are high and equal to 0.51 because the first 

include the last in their investment asset mix. Hedge funds are also exposed to t-bills 

leading to a 0.37 correlation coefficient between them.  

    Nominal and real rate correlations with t-bills approximate 1.00 as both these two 

state variables extraction is based on the t-bills return. That’s why the correlation 

between nominal and real rate is nearly equal to 1.00 too.     

 

Table.3 

Correlation 
Matrix ULC CPI  

T-bill 
(YtM) 

Gov. 
Bonds 

(10-year) Equity Commodities 
Hedge 
Funds 

Real 
Estate 

Dividend 
Yield 

Nominal 
Rate 

Real 
Rate 

Term 
Spread 

Default 
spread 

ULC 1.00 
           

  

CPI  0.12 1.00 
          

  

T-bill (YtM) 0.27 0.27 1.00 
         

  

Gov. Bonds 
(10-year) 0.04 

-
0.14 -0.02 1.00 

        
  

Equity -0.06 0.27 0.18 -0.12 1.00 
       

  

Commodities 0.07 0.78 0.11 -0.29 0.25 1.00 
      

  

Hedge Funds 0.10 0.52 0.37 -0.19 0.65 0.51 1.00 
     

  

Real Estate -0.03 0.31 0.00 -0.08 0.69 0.36 0.50 1.00 
    

  

Dividend 
Yield 0.06 0.05 0.15 0.11 -0.05 -0.12 -0.03 -0.15 1.00 

   
  

Nominal 
Rate 0.27 0.27 1.00 -0.02 0.18 0.11 0.37 0.00 0.15 1.00 

  
  

Real Rate 0.25 0.04 0.97 0.01 0.12 -0.07 0.25 -0.07 0.14 0.97 1.00 
 

  

Term Spread -0.25 
-

0.18 -0.72 -0.11 -0.13 -0.05 -0.21 0.05 0.33 -0.72 -0.71 1.00   

Default 
spread -0.21 

-
0.44 -0.66 0.24 -0.45 -0.36 -0.56 -0.37 -0.04 -0.67 -0.58 0.40 1.00 
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Return dynamics of VAR model variables 

    In table 4 we report the parameter estimates of our VAR model which uses as 

variables the equity index, the 10-year nominal government bond, the commodities 

index, the hedge fund index, the real estate index, the term spread, the default spread, 

the dividend yield, the CPI return and the nominal rate of the 90-days t-bill. Table 5 

reports the respective t-statistics for the variables we used in the VAR model. We 

regard confidence level equal to 95% for our estimations. 

    We find that the coefficients of the 4 state variables (on their own lags) are strongly 

statistically significant. Coefficient value is 0.86 for the term spread, 0.9 for the 

default spread, 0.92 for the dividend yield and 0.91 for the nominal rate. All these 

statistically significant coefficients are close to 1.00 indicating that the return series of 

the state variables are very persistent, fact that means stability for the VAR model we 

are based on.  

    Default spread predictability against term spread is absolutely expected because the 

first calculation is based on the last. Far from default spread with t-statistic equal to 

3.671 (coefficient 0.325), CPI return through a little bit lower but still strong 

significance level of 2.936, could predict the next period term spread figure to the 

same direction (coefficient 0.319). In the same way it seems reasonable that CPI 

return has good predictability against default spread despite it is lower than against 

term spread (t-statistic 1.680).  

    CPI marginally significant negative coefficients -3.157 and -0.190 predict that 

equity and t-bills next period returns respectively will fall. This finding is confident to 

the macroeconomic theory. Dividend yield positive significant coefficient of 4.138 

indicates a perfect explanatory quality against equity which is fully expected. Default 

spread coefficients against t-bills, equity and real estate are negative and equal to -

0.318, -3.213 and -3.230 respectively. They are statistically significant with t-statistic 

figures equal to -3.456 (t-bills), -2.343 (equity) and -1.683 (real estate). The default 

spread coefficient against real estate is marginally significant due to the index 

exposure to equity. Finally, although the term spread coefficient is significant, it is not 

a strong predictor against equity (t-statistic -1.652) by itself because it is just a part of 

the default spread explanatory quality.  
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Table.4 

  t 

t+1 

Coefficient Term spread Default Spread DY CPI_ret T- bills 

Equity -1.974 -3.213 4.138 -3.157 -1.188 

Nominal_Bond 0.911 -0.113 -0.137 -1.134 0.616 

Commodities 0.175 -1.173 -1.646 4.564 -0.031 

Hedge Funds 0.111 -0.397 0.150 -0.297 0.347 

REITS 0.539 -3.230 0.598 -1.651 -0.564 

Term spread 0.861 0.325 0.095 0.319 0.017 

Default Spread 0.015 0.900 -0.071 0.172 0.007 

DY 0.023 -0.002 0.915 0.062 -0.001 

CPI_ret -0.063 -0.109 0.110 0.127 -0.016 

T- bills 0.035 -0.318 -0.060 -0.190 0.912 

 

 

Table.5 

  t 

t+1 

T-statistics Term spread Default Spread DY CPI_ret T- bills 

Equity -1.652 -2.343 2.508 -1.878 -1.492 

Nominal_Bond 1.603 -0.173 -0.174 -1.416 1.624 

Commodities 0.088 -0.518 -0.604 1.643 -0.024 

Hedge Funds 0.251 -0.781 0.245 -0.476 1.175 

REITS 0.323 -1.683 0.259 -0.701 -0.506 

Term spread 11.169 3.671 0.894 2.936 0.333 

Default Spread 0.202 10.756 -0.705 1.680 0.154 

DY 0.849 -0.081 24.828 1.646 -0.077 

CPI_ret -0.775 -1.171 0.978 1.115 -0.302 

T- bills 0.439 -3.456 -0.546 -1.683 17.079 

 

 

 

 

 



30 
 

  



31 
 

Term structure of assets and liabilities 

Term structure of risk  

    In this paper section we compute the annualized volatilities across different 

investment horizons in a quarterly basis. We use data from 1990:II until 2012:I and 

we try to find the time diversification properties of each asset class. We test for 

different investment horizons using quarterly periods with a maximum period of 100 

quarters or 25 years. An asset-liabilities (ALM) investor is officially interested in the 

return of assets in excess of the liabilities return because his major investment goal is 

to hedge the portfolio against liabilities risk. As a result of that we should ideally 

compute the volatility of each asset class based on the respective asset return over the 

liabilities return. However in this paper we don’t incorporate all the aspects of 

liabilities risk but we focus on the inflation fluctuation side in order to propose the 

replacement of price inflation with wage inflation as an optimal measure of this aspect 

of risk. Therefore we test time diversification of each asset based on their nominal 

returns in order to ensure our findings relevance. 

    In graph 2 we observe the standard deviation level of all the six asset classes across 

time. Our results are confident to the official characteristics of each kind of asset. At a 

glance the less risky asset across time is the nominal bond except of the short-term 

horizon until 1 year when the t-bill has the lowest volatility. From an overall lower to 

a higher risk degree we meet nominal bonds, hedge funds, real estate, t-bills, equity 

and commodities respectively as expected.  

    In graphs 3-8, we have the standard deviation per asset class. T-bills are the less 

risky asset for a short-term investor through a volatility figure near to zero for the first 

four quarters. The reason is that the investor has the possibility to reinvest in a rolling 

basis after 90 days. We remark that t-bills volatility is continuously increasing across 

time from 0.4% after 23 quarters to 0.9% after 85 quarters. It happens because the 

reinvestment risk increases as the investment horizon increases due to the real interest 

rate risk outstanding. 

    Nominal bonds volatility is around 0.1% for 1 year investment horizon, it decreases 

to 0.04% after 5 years and it tends to be flat below 0.02% after 20 years. Major driver 

for the volatility of the nominal bond is the volatility of the term spread. Term spread, 
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as we have described in a previous part of this paper, is the difference between the 

yield to maturity of the 10-year government bond and the yield to maturity of the 90-

days t-bill. The increasing term spread volatility across the investment horizon 

combined to the increasing t-bill volatility lead nominal bond to gradually being the 

less risky asset across time. The term spread volatility is reported in graph 12. 

    Equity volatility is flat around 0.5% during the short horizon of 1 years, it is 

increasing at 0.6% until 4 years and then falls to 0.4% after 17 years indicating a 

mean reverting behavior.  Although dividend yield has a positive impact on the equity 

future returns and consequently to the firm cash flows, the current equity returns 

should decrease in order to hedge any possible discount rate increase which is not 

equivalent to the cash flows increase (Campbell and Vuolteenaho 2004). Therefore 

dividend yield has an adverse impact on equity volatility, especially in the long term. 

Dividend yield volatility is reported in graph 10. Far from the dividend yield, default 

spread which uses “equity like” bonds as a calculation base, has a positive impact on 

the equity future returns and an opposite impact on its long term volatility. Default 

spread volatility is reported in graph 9. 

    Time diversification in listed real estate is similar to the equity one but always lies 

in higher risky levels across investment horizon. Graph 7 which represents the 

NAREIT volatility has the same curve with the respective equity graph. The only 

difference is that the mean reversion in the long-run is less than the equity one. This 

finding is confident to the “Hoevenaars 2009” output.  The general similarity makes 

sense because NAREIT is an equity based index. NAREIT volatility is increasing at 

around 1.25% until 3 years and then gradually falls at 1% after 16 years. 

    Hedge funds term structure is mainly affected by t-bills increasing to 0.25% until 

14 years investment horizon and being more flat after that. In terms of volatility hedge 

funds are less risky than t-bills because they are exposed to nominal bonds too. 

    Commodities as the most risky asset overall, report increasing volatility degree 

2.5% until 10 years which is turned to a nearly flat term structure after this investment 

horizon. Their returns are mostly explained by t-bills through our VAR model.  
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Chart.5
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Chart.8
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Risk diversification properties 

    In this paper part we compute the correlation coefficients between different asset 

classes in order to find out their diversification qualities in different investment 

horizons as far as the portfolio risk.  

    Correlation between equity and nominal bonds is negative and low across the 

investment horizon indicating that bonds could be used for risk hedging in a portfolio 

with stocks. Correlation coefficient is up to -15% for a short term investor of 4 

quarters, it increases then to -35% after 7 years and falls under -30% after 17 years. 

Equity is highly correlated with real estate in all investment horizons. Correlation is 

about 70% for the first four quarters, it decreases at 65% until the first 5 years and it 

reaches the correlation level of 40% in the end of the 25-year investment horizon. 

Real estate indices are mainly based on listed stocks and as a result of that we don’t 

find risk diversification properties between these two asset classes. For a mid-term 

investor which is interested in an investment horizon from 1 to 5 years, NAREITs 

correlation both with commodities and hedge funds is between 50% and 60%. This 

findings combination proves that listed real estate risk diversification qualities are 

captured by other assets.  

    T-bills could be an efficient risk diversification tool in a portfolio with stocks and 

bonds. They are positively correlated with stocks but negatively correlated with 10-

year nominal bonds due to their duration mismatch. In a short-run investment horizon 

until 1 year, t-bills correlation with stocks and bonds is 35% and nearly -55% 

respectively. Both correlation figures are slightly increased after 3 years but then start 

decreasing to zero across the investment horizon. We conclude that t-bills risk 

diversification properties are being stronger for a long-term investor like an ALM 

one.  

    Hedge funds correlation with equity is high and almost at the level of 70% both for 

a short and the mid-term investment horizon. From 3 years and ahead, correlation is 

gradually decreasing and drops under the level of 20% after 21 years. This finding is 

explained by the high exposure of hedge funds to stocks both in the short and the mid-

run. In the long-run hedge funds reduce their exposure to equity and as a consequence 

of that correlation between them falls. Hedge funds are not as much exposed to bonds 

as to stocks and the negative correlation coefficient between hedge funds and nominal 
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bonds is lower across the different investment horizons. It approaches -60% only at 4 

years horizon but it straightly decreases after. Although hedge funds supplement the t-

bills low short-term risk diversification qualities against equity and nominal bonds, 

the correlation between them is over 60% after 2 years, and approaches 90% in the 

long-term.  

    Although their performance is similar to the respective of hedge funds, 

commodities are better hedging tool in terms of portfolio risk diversification. Their 

correlation coefficient both with equity and nominal bonds is low across all 

investment horizons despite its opposite direction. Moreover their correlation with t-

bills in middle and long investment horizons is high but not over 60% indicating that 

they could be both included in the investor’s portfolio. Conclusively commodities 

have the best risk diversification properties among the assets. Graphs 13-27 separately 

represent the cross-assets correlations.      
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Wage inflation and CPI hedging properties         

    In this paper section we research the hedging qualities of assets against wage 

inflation and price inflation through computing the correlation coefficient between 

assets and liabilities across different investment horizons. All assets correlations both 

with price and wage inflation are lower in the short term and tend to increase in the 

long term except of nominal bonds which have the contrary performance. 

Commodities seem to be the only efficient hedging tool against price inflation for a 

short horizon investor while the same along with hedge funds are the two hedging 

solutions for a long horizon investor. All assets except of nominal bonds have a slight 

but negative wage inflation hedge potential for investment horizon until 1 year. We 

find that there is no asset to efficiently hedge wage inflation in the short term while 

only hedge funds have good wage inflation hedging qualities in the long term. All  

    Short-term correlation between nominal bonds and price inflation is negative 

because of the adverse relationship between CPI and real economic growth. An 

increase in price inflation leads to bond returns fall in contrast with wage inflation 

whose increase indicates an improving economic environment in the short-term. 

Although both the 2 figures decrease until 5 years investment horizon, they are 

increasing in the long-term because investing in long-term bonds is directly related to 

accumulated price and wage inflation risk. 

    T-bills correlation with CPI is 20% in the short-run and increases up to 50% in the 

long run. We would expect higher correlation degree between them because t-bills 

rolling over every 3 months should capture all the price inflation changes. Their 

hedging qualities against wage inflation are negative and poor in the short term 

through a correlation coefficient of -15% which increases up to 30% in the long term.  

    Equity correlation with CPI ranges from 20% in the short-run to 30% in the long-

run and the respective figure against wage inflation ranges from -10% to 10% across 

the investment horizon. Changes both in price and wage inflation could be regarded as 

indicators of changes in real economic activity. Actually equity seems almost 

unaffected by these changes across investment horizons because the one-way impact 

on the discount rates is being offset by the adverse impact on the future dividends, 

leading stock returns to remain nearly stable. Real estate has the same hedging 

performance with equity both against price and wage inflation. The only difference is 
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that the correlation coefficients range in a slightly higher level. This fact is confident 

to previous findings of this paper and shows that listed real estate does not seem as a 

different asset class compared to equity.  

    Commodities turn out to be the best and most stable price inflation hedge at all 

investment horizons through a correlation coefficient of 80%.  The respective figure 

against wage inflation is close to 0% for 1 year investment horizon, it increases at 

40% until 5 years and remains stable at this level in the long-term. Our findings 

against CPI are confident to previous researches such as “Briere and Signori”, and 

Hoevenaars 2009 which prove that commodities addition leads to higher real returns 

in an inflation affected portfolio. Our findings about commodities hedging properties 

against wage inflation are not as good as the respective against price inflation. The 

correlation degree of 40% between them is not enough to convince a long-term ALM 

investor for the commodities wage inflation hedging quality. 

    Hedge funds correlation with price inflation is 50% for the first four quarters and 

increases to 60% in the long term. This asset class correlation with wage inflation is 

little below 0% for investment horizon until 1 year, increases at 50% after 4 years and 

finally rises to 65% in the long term. On the one hand hedge funds hedging qualities 

against price inflation are good across the investment horizon but worse than the 

commodities respective. On the other hand although hedge funds are poor in the short 

term, they have the best wage inflation hedging properties in the long term. The ALM 

“Buy and Hold” investor, who is mainly interested in long term investment horizon, 

should conclusively include hedge funds in the wage inflation hedging portfolio. 

Graphs 28-35 represent the assets hedging qualities against the two liabilities risk 

measures.     
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The optimal Strategic Asset Allocation 

Theoretical background   

    Pension funds major liabilities are directly related to the pension payment. These 

liabilities vary across time and the ideal asset allocation process could not be static. A 

pure dynamic asset allocation is not proposed for this investor type too. Pension 

Funds are Asset–Liabilities Management “Buy and Hold” investors. Based on the 

investment horizon and the risk aversion degree they wish to take up, they define a 

specific asset allocation. They try to keep it stable across time through tactical 

rebalancing when the market value of an asset changes. The market value of an asset 

to the market value of the total portfolio should always be equal to the weight 

extracted of the initial asset allocation process. 

    The ALM “Buy and Hold” investor total portfolio basically consists of three other 

sub-portfolios. The sub-portfolio of cash based assets (t-bills), the Liability Hedging 

Portfolio (LHP) which includes this asset mix that hedges the liability risk and the 

Performance Seeking Portfolio (PSP) which incorporates the asset mix that produces 

real returns. The investor has to take into account the term structure of both assets and 

liabilities and based on his risk aversion level to construct these three sub-portfolios. 

This process is going to provide the final asset mix which changes across the 

investment horizon. This asset allocation maximizes the Power Utility Function of the 

“ALM Buy and Hold” investor. 

𝑈𝑡 = 𝑚𝑎𝑥𝐸(
𝐶1−𝛾

1 − 𝛾
) 

This utility function is called Constant Relative Risk Aversion (CRRA). 𝐶 =
𝑊

𝐿
, 

where W is the portfolio wealth and L is the portfolio total liabilities. We should make 

clear at this point that in this paper we don’t incorporate all the liabilities risks but we 

focus only on the inflation change side. As a result of that, adjusted to our paper 

research goal we regard L as the price inflation or wage inflation respectively. The 

“γ” parameter is often referred to as the coefficient of relative risk aversion. If two 

investors have different CRRA utility functions, the one with the higher value of “γ” 

is deemed to be the more risk averse.  
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The Asset mix scenarios 

    In this paper section we estimate different portfolio asset allocations for an investor 

who wishes to hedge against price inflation and an investor who wishes to hedge 

against wage inflation. The asset mix varies both across investment horizon and risk 

aversion degree. In tables 6 and 7 we report the asset allocations results for a price 

and wage inflation hedging portfolio respectively. We separate our findings in short 

(1 year), middle (5 years) and long (25 years) investment horizon as well as in risk 

like (γ=2), risk neutral (γ=5) and risk averse (γ=10) investor. 

    We find that the risk–like investor (γ=2) should include in the price inflation 

hedging portfolio mainly t-bills, equity and some commodities for investment horizon 

until 1 year. In a mid-term horizon he should mainly invest in nominal bonds, replace 

equity with listed real estate in a slightly increased proportion and reduce the 

commodities weight. In the long-term he should reduce more the commodities weight 

and increase the nominal bonds one investing also in equity but in a lower proportion 

than bonds. 

    In the short-run, the risk neutral investor (γ=5) should keep in the portfolio t-bills, 

equity and commodities but in lower proportions compared to the respective risk-like 

one, and firstly add some hedge funds and after nominal bonds. For a middle term 

investment horizon he should leave t-bills and mainly invest in nominal bonds, 

replace equity with listed real estate in a slightly increased proportion, reduce the 

commodities weight and increase the hedge funds one. In the long-term nominal 

bonds weight should be increased simultaneously reducing commodities and hedge 

funds. Investment in equity through the half proportion of nominal bonds should 

complete the inflation hedging portfolio asset allocation. 

    The risk averse investor (γ=10) in a short horizon keeps t-bills as the major asset of 

the portfolio though reducing its weight compared to the risk neutral one. He invests 

in listed real estate and commodities through remarkably lower proportions and also 

includes some hedge funds and less nominal bonds. In the mid-term, he mainly 

invests in nominal bonds, slightly increasing the NAREITs weight while he reduces 

commodities. He increases the hedge funds proportion and keeps a low weight of t-

bills. In the long investment horizon of 25 years, the investor should leave t-bills and 

increase the nominal bonds weight. He imperceptibly reduces commodities and hedge 



51 
 

funds while he should replace listed real estate with equity increasing the respective 

proportion.  

    We remark that t-bills are important for the short term investor as their rolling over 

every 3 months incorporates all the risk outstanding. Moreover the risk-averse 

investor could include them in the middle-term portfolio due to their low risk 

properties. Nominal bonds presence in the portfolio is being very crucial both for long 

and middle term investment horizons, especially when the risk aversion level falls. 

Listed real estate have not been proved to be remarkably different than equity and as a 

result of that we include in the portfolio only the one which results more in the 

investor’s utility function maximization. We observe that NAREITs seem better than 

equity always in the mid-term. Equity or listed real estate is included in the portfolio 

at all investment horizons and especially in the long term one. Commodities are part 

of the total portfolio in any case because they have the best price inflation hedging 

qualities. They are much preferred in short-term horizons and from the risk-like 

investor who doesn’t care so much about risk diversification properties. Hedge funds 

don’t seem so attractive because their CPI hedging properties are captured by 

commodities. They are preferred by the risk neutral and the risk-averse investor, 

especially in the middle term, replacing in this way the lower commodities properties. 

    Our findings for the wage inflation hedging portfolio asset allocations are almost 

the same with the price inflation one. The reason is that assets risk term structure and 

risk diversification properties contribute in an important way to the portfolio asset 

allocation. Furthermore, the assets hedging properties both against price and wage 

inflation are not remarkably different in the mid and the long-term.       
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Table.6 

Price inflation hedging portfolio asset allocation 

Parameter "γ" γ=2 γ=5 γ=10 

Horizon 1 year 5 years 25 years 1 year 5 years 25 years 1 year 5 years 25 years 

Equity 190% 106% 311% 71% 41% 129% 32% 19% 69% 

Nominal bonds -480% 389% 496% -177% 196% 248% -76% 131% 165% 

Commodities 64% 35% 20% 27% 16% 10% 15% 9% 7% 

Hedge funds -250% -184% -203% -99% -72% -81% -49% -35% -40% 

NAREITs 184% 201% 211% 75% 81% 85% 38% 41% 42% 

T-bills 393% -446% -736% 203% -161% -291% 140% -66% -143% 

Total Portfolio 100% 100% 100% 100% 100% 100% 100% 100% 100% 

 

 

Table.7   

Wage inflation hedging portfolio asset allocation 

Parameter "γ" γ=2 γ=5 γ=10 

Horizon 1 year 5 years 25 years 1 year 5 years 25 years 1 year 5 years 25 years 

Equity 189% 106% 312% 70% 42% 131% 31% 20% 70% 

Nominal bonds -480% 388% 493% -177% 193% 243% -76% 128% 160% 

Commodities 62% 33% 19% 25% 13% 8% 12% 7% 4% 

Hedge funds -250% -185% -203% -99% -73% -81% -49% -35% -40% 

NAREITs 184% 201% 212% 75% 81% 85% 39% 41% 43% 

T-bills 395% -444% -733% 206% -157% -286% 143% -61% -137% 

Total Portfolio 100% 100% 100% 100% 100% 100% 100% 100% 100% 
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Conclusion 

    The optimal strategic asset allocation for an investor like a Pension Fund is a 

complicated process. This “Buy and Hold” investor acts in the context of Asset-

Liabilities Management and he should take into account parameters such as the 

liabilities risk, the risk term structure of the assets he includes in the portfolio as well 

as their risk diversification properties, the hedging properties of these assets against 

the liabilities risks and finally the risk level he wishes to undertake. Based on these 

dimensions he could ideally construct this portfolio asset mix which maximizes his 

utility.  This paper has not incorporated the total liabilities risks which an investor is 

exposed to. We have focused on the inflation fluctuation side of total risk which has 

been measured through the price inflation “CPI” variable until today. We have tried to 

propose the wage inflation variable as the optimal measure of inflation fluctuation risk 

which should replace or supplement price inflation in the Asset-Liabilities 

Management process from investors like Pension Funds. 

    To reach this finding we have firstly checked the historical relationship between 

price and wage inflation and we conclude that these two liability risk variables have a 

parallel medium correlated movement with a little lag in the wage inflation one. This 

indicates that there is a type of causality from wages to prices. 

    After that, through a vector autoregressive model we have tested the risk term 

structure, the risk diversification properties and the hedging properties of assets both 

against wage and price inflation at different investment horizons. We find that 

although commodities are the most risky assets, they have the best hedging qualities 

against price inflation across investment horizon. The respective asset hedging 

qualities against wage inflation are just moderate after the mid-term. Although hedge 

funds are highly exposed to equity and nominal bonds early in the middle term, they 

seem to be equally good both against price and wage inflation hedging after 3 and 9 

years horizon respectively. Being consistent with the previous relative literature, we 

conclude that alternative assets add value to the liabilities risk hedging process while 

traditional assets offer low risk and good risk diversification in the investor’s 

portfolio. 

    Finally we estimate the optimal asset allocation both for the wage and the price 

inflation hedging portfolio. Asset allocation changes both across different investment 
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horizon and different investor’s risk aversion degree. Our findings against the two 

liability risk measures are very similar. We derive that t-bills are always part of the 

short term investor’s portfolio because they frequently roll over incorporating all the 

risk outstanding. Nominal bonds should also be preferred for middle and long term 

investment horizons especially by a lower risk aversion level investor. Equity or listed 

real estate (because NAREITs have not been proved to be remarkably different than 

equity) is included in the portfolio at all investment horizons but more in the long 

term one. Commodities should be included through a low proportion in the portfolio, 

especially in short-term horizons by risk-like investors. Hedge funds don’t seem so 

attractive and they are preferred only by the risk neutral and the risk-averse investor 

when the commodities qualities are not good. 

      If the asset allocation results were remarkably different between price and wage 

inflation we should test then if our proposal is effective. We could be based on the 

“wage inflation” asset allocation and estimate the investor’s portfolio return in a 

“price inflation” risk environment. This portfolio return compared to the respective 

extracted according to the “price inflation asset allocation, could provide us the 

welfare implication to the investor’s portfolio. A positive welfare implication would 

indicate that wage inflation is an optimal measure of part of the liabilities risk 

compared to the price inflation. 

    Next researches could also incorporate interest rate risk along with wage inflation 

in order to capture more completely the liabilities risk outstanding for an ALM 

investor like a pension fund. In this way we hope to derive a different asset allocation 

if the investor wishes to hedge its portfolio both against interest rate and wage 

inflation risk.  
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Appendix 

1. Assets Volatility 

Standard Deviations 

Horizon 
in 

Quarters 
Equity 

Nominal 
Bonds 

Commodities 
Hedge 
Funds 

NAREITs 
Term 

Spread 
Default 
Spread 

Dividend 
Yield 

CPI 
return 

T-bills 

1 0.00498 0.00113 0.01360 0.00069 0.00976 0.00002 0.00002 0.00000 0.00002 0.00002 

2 0.00493 0.00105 0.01632 0.00071 0.01021 0.00005 0.00004 0.00001 0.00003 0.00006 

3 0.00500 0.00097 0.01771 0.00074 0.01070 0.00008 0.00006 0.00001 0.00003 0.00011 

4 0.00511 0.00090 0.01859 0.00078 0.01115 0.00012 0.00009 0.00002 0.00003 0.00018 

5 0.00524 0.00083 0.01923 0.00083 0.01154 0.00016 0.00012 0.00002 0.00003 0.00027 

6 0.00538 0.00077 0.01975 0.00088 0.01187 0.00021 0.00015 0.00003 0.00003 0.00038 

7 0.00551 0.00072 0.02019 0.00093 0.01212 0.00026 0.00018 0.00004 0.00003 0.00051 

8 0.00564 0.00068 0.02057 0.00098 0.01232 0.00032 0.00021 0.00004 0.00004 0.00066 

9 0.00575 0.00064 0.02093 0.00104 0.01247 0.00038 0.00024 0.00005 0.00004 0.00082 

10 0.00585 0.00061 0.02125 0.00109 0.01257 0.00045 0.00027 0.00006 0.00004 0.00100 

11 0.00593 0.00058 0.02154 0.00115 0.01264 0.00052 0.00030 0.00007 0.00004 0.00119 

12 0.00599 0.00055 0.02181 0.00121 0.01267 0.00059 0.00032 0.00008 0.00004 0.00139 

13 0.00603 0.00053 0.02207 0.00126 0.01268 0.00066 0.00035 0.00009 0.00004 0.00160 

14 0.00605 0.00050 0.02230 0.00132 0.01266 0.00074 0.00037 0.00010 0.00004 0.00181 

15 0.00606 0.00048 0.02252 0.00137 0.01263 0.00081 0.00039 0.00011 0.00004 0.00203 

16 0.00605 0.00046 0.02273 0.00143 0.01258 0.00088 0.00041 0.00012 0.00004 0.00225 

17 0.00603 0.00044 0.02292 0.00148 0.01253 0.00095 0.00042 0.00013 0.00004 0.00248 

18 0.00600 0.00043 0.02310 0.00153 0.01246 0.00102 0.00044 0.00014 0.00004 0.00270 

19 0.00596 0.00041 0.02326 0.00158 0.01239 0.00109 0.00045 0.00016 0.00004 0.00292 

20 0.00591 0.00039 0.02342 0.00163 0.01232 0.00115 0.00047 0.00017 0.00004 0.00315 

21 0.00586 0.00038 0.02356 0.00168 0.01224 0.00121 0.00048 0.00018 0.00005 0.00336 

22 0.00580 0.00037 0.02370 0.00172 0.01216 0.00128 0.00049 0.00019 0.00005 0.00358 

23 0.00573 0.00035 0.02382 0.00177 0.01208 0.00133 0.00050 0.00020 0.00005 0.00379 

24 0.00567 0.00034 0.02394 0.00181 0.01200 0.00139 0.00051 0.00021 0.00005 0.00400 

25 0.00560 0.00033 0.02405 0.00185 0.01192 0.00144 0.00052 0.00023 0.00005 0.00420 

26 0.00554 0.00032 0.02415 0.00189 0.01184 0.00149 0.00053 0.00024 0.00005 0.00439 

27 0.00547 0.00031 0.02425 0.00192 0.01176 0.00154 0.00053 0.00025 0.00005 0.00458 

28 0.00540 0.00030 0.02434 0.00196 0.01169 0.00159 0.00054 0.00026 0.00005 0.00476 

29 0.00534 0.00029 0.02443 0.00199 0.01161 0.00163 0.00054 0.00027 0.00005 0.00494 

30 0.00527 0.00028 0.02451 0.00203 0.01154 0.00167 0.00055 0.00028 0.00005 0.00511 

31 0.00521 0.00028 0.02458 0.00206 0.01147 0.00171 0.00055 0.00029 0.00005 0.00528 

32 0.00515 0.00027 0.02465 0.00209 0.01140 0.00175 0.00056 0.00030 0.00005 0.00544 

33 0.00509 0.00026 0.02471 0.00212 0.01134 0.00179 0.00056 0.00031 0.00005 0.00559 

34 0.00503 0.00025 0.02478 0.00214 0.01127 0.00182 0.00056 0.00032 0.00005 0.00574 

35 0.00498 0.00025 0.02483 0.00217 0.01121 0.00185 0.00057 0.00033 0.00005 0.00588 

36 0.00493 0.00024 0.02489 0.00219 0.01115 0.00188 0.00057 0.00034 0.00005 0.00602 

37 0.00488 0.00024 0.02494 0.00222 0.01110 0.00191 0.00057 0.00035 0.00005 0.00615 

38 0.00483 0.00023 0.02499 0.00224 0.01104 0.00194 0.00057 0.00036 0.00005 0.00628 
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Horizon 
in 

Quarters 
Equity 

Nominal 
Bonds 

Commodities 
Hedge 
Funds 

NAREITs 
Term 

Spread 
Default 
Spread 

Dividend 
Yield 

CPI 
return 

T-bills 

39 0.00479 0.00023 0.02503 0.00226 0.01099 0.00196 0.00058 0.00037 0.00005 0.00640 

40 0.00474 0.00022 0.02508 0.00228 0.01094 0.00199 0.00058 0.00038 0.00005 0.00651 

41 0.00470 0.00022 0.02512 0.00230 0.01089 0.00201 0.00058 0.00039 0.00005 0.00662 

42 0.00466 0.00021 0.02515 0.00232 0.01084 0.00203 0.00058 0.00040 0.00005 0.00673 

43 0.00462 0.00021 0.02519 0.00234 0.01080 0.00205 0.00058 0.00040 0.00005 0.00683 

44 0.00459 0.00021 0.02523 0.00236 0.01075 0.00207 0.00058 0.00041 0.00005 0.00693 

45 0.00455 0.00020 0.02526 0.00237 0.01071 0.00209 0.00058 0.00042 0.00005 0.00702 

46 0.00452 0.00020 0.02529 0.00239 0.01067 0.00211 0.00059 0.00043 0.00005 0.00712 

47 0.00449 0.00020 0.02532 0.00240 0.01063 0.00213 0.00059 0.00044 0.00005 0.00720 

48 0.00446 0.00019 0.02535 0.00242 0.01059 0.00214 0.00059 0.00044 0.00005 0.00729 

49 0.00443 0.00019 0.02537 0.00243 0.01056 0.00216 0.00059 0.00045 0.00005 0.00737 

50 0.00441 0.00019 0.02540 0.00244 0.01052 0.00217 0.00059 0.00046 0.00005 0.00744 

51 0.00438 0.00019 0.02542 0.00246 0.01049 0.00219 0.00059 0.00046 0.00005 0.00752 

52 0.00436 0.00018 0.02545 0.00247 0.01045 0.00220 0.00059 0.00047 0.00005 0.00759 

53 0.00433 0.00018 0.02547 0.00248 0.01042 0.00221 0.00059 0.00048 0.00005 0.00766 

54 0.00431 0.00018 0.02549 0.00249 0.01039 0.00222 0.00059 0.00048 0.00005 0.00772 

55 0.00429 0.00018 0.02551 0.00250 0.01036 0.00224 0.00059 0.00049 0.00005 0.00778 

56 0.00427 0.00018 0.02553 0.00251 0.01033 0.00225 0.00059 0.00049 0.00005 0.00784 

57 0.00425 0.00017 0.02555 0.00252 0.01030 0.00226 0.00059 0.00050 0.00005 0.00790 

58 0.00423 0.00017 0.02557 0.00253 0.01028 0.00227 0.00059 0.00050 0.00005 0.00796 

59 0.00421 0.00017 0.02558 0.00254 0.01025 0.00228 0.00059 0.00051 0.00005 0.00801 

60 0.00419 0.00017 0.02560 0.00255 0.01022 0.00229 0.00059 0.00052 0.00005 0.00807 

61 0.00417 0.00017 0.02562 0.00256 0.01020 0.00230 0.00059 0.00052 0.00005 0.00812 

62 0.00416 0.00017 0.02563 0.00257 0.01018 0.00230 0.00059 0.00053 0.00005 0.00816 

63 0.00414 0.00016 0.02565 0.00257 0.01015 0.00231 0.00059 0.00053 0.00005 0.00821 

64 0.00412 0.00016 0.02566 0.00258 0.01013 0.00232 0.00059 0.00053 0.00005 0.00826 

65 0.00411 0.00016 0.02567 0.00259 0.01011 0.00233 0.00059 0.00054 0.00005 0.00830 

66 0.00409 0.00016 0.02569 0.00260 0.01009 0.00234 0.00059 0.00054 0.00005 0.00834 

67 0.00408 0.00016 0.02570 0.00260 0.01007 0.00234 0.00059 0.00055 0.00005 0.00838 

68 0.00407 0.00016 0.02571 0.00261 0.01005 0.00235 0.00059 0.00055 0.00005 0.00842 

69 0.00405 0.00016 0.02572 0.00261 0.01003 0.00236 0.00059 0.00056 0.00005 0.00846 

70 0.00404 0.00015 0.02574 0.00262 0.01001 0.00236 0.00059 0.00056 0.00005 0.00850 

71 0.00403 0.00015 0.02575 0.00263 0.00999 0.00237 0.00059 0.00056 0.00005 0.00854 

72 0.00401 0.00015 0.02576 0.00263 0.00997 0.00238 0.00059 0.00057 0.00005 0.00857 

73 0.00400 0.00015 0.02577 0.00264 0.00995 0.00238 0.00059 0.00057 0.00005 0.00861 

74 0.00399 0.00015 0.02578 0.00264 0.00994 0.00239 0.00059 0.00057 0.00005 0.00864 

75 0.00398 0.00015 0.02579 0.00265 0.00992 0.00239 0.00059 0.00058 0.00005 0.00867 

76 0.00397 0.00015 0.02580 0.00265 0.00991 0.00240 0.00059 0.00058 0.00005 0.00870 

77 0.00396 0.00015 0.02581 0.00266 0.00989 0.00241 0.00059 0.00059 0.00005 0.00873 

78 0.00395 0.00015 0.02582 0.00266 0.00987 0.00241 0.00059 0.00059 0.00005 0.00876 

79 0.00394 0.00015 0.02583 0.00267 0.00986 0.00242 0.00059 0.00059 0.00005 0.00879 

80 0.00393 0.00014 0.02584 0.00267 0.00985 0.00242 0.00059 0.00059 0.00005 0.00882 

81 0.00392 0.00014 0.02584 0.00268 0.00983 0.00243 0.00059 0.00060 0.00005 0.00884 
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Horizon 
in 

Quarters 
Equity 

Nominal 
Bonds 

Commodities 
Hedge 
Funds 

NAREITs 
Term 

Spread 
Default 
Spread 

Dividend 
Yield 

CPI 
return 

T-bills 

82 0.00391 0.00014 0.02585 0.00268 0.00982 0.00243 0.00059 0.00060 0.00005 0.00887 

83 0.00390 0.00014 0.02586 0.00269 0.00980 0.00243 0.00059 0.00060 0.00005 0.00890 

84 0.00389 0.00014 0.02587 0.00269 0.00979 0.00244 0.00059 0.00061 0.00005 0.00892 

85 0.00388 0.00014 0.02588 0.00269 0.00978 0.00244 0.00059 0.00061 0.00005 0.00895 

86 0.00387 0.00014 0.02588 0.00270 0.00977 0.00245 0.00059 0.00061 0.00005 0.00897 

87 0.00386 0.00014 0.02589 0.00270 0.00975 0.00245 0.00059 0.00061 0.00005 0.00899 

88 0.00386 0.00014 0.02590 0.00271 0.00974 0.00246 0.00059 0.00062 0.00005 0.00902 

89 0.00385 0.00014 0.02591 0.00271 0.00973 0.00246 0.00059 0.00062 0.00005 0.00904 

90 0.00384 0.00014 0.02591 0.00271 0.00972 0.00246 0.00059 0.00062 0.00005 0.00906 

91 0.00383 0.00014 0.02592 0.00272 0.00971 0.00247 0.00059 0.00062 0.00005 0.00908 

92 0.00382 0.00014 0.02593 0.00272 0.00970 0.00247 0.00059 0.00063 0.00005 0.00910 

93 0.00382 0.00014 0.02593 0.00272 0.00969 0.00247 0.00059 0.00063 0.00005 0.00912 

94 0.00381 0.00013 0.02594 0.00273 0.00968 0.00248 0.00059 0.00063 0.00005 0.00914 

95 0.00380 0.00013 0.02595 0.00273 0.00967 0.00248 0.00059 0.00063 0.00005 0.00916 

96 0.00380 0.00013 0.02595 0.00273 0.00966 0.00249 0.00059 0.00064 0.00005 0.00918 

97 0.00379 0.00013 0.02596 0.00273 0.00965 0.00249 0.00059 0.00064 0.00005 0.00920 

98 0.00378 0.00013 0.02596 0.00274 0.00964 0.00249 0.00059 0.00064 0.00005 0.00922 

99 0.00378 0.00013 0.02597 0.00274 0.00963 0.00250 0.00059 0.00064 0.00005 0.00923 

100 0.00377 0.00013 0.02598 0.00274 0.00962 0.00250 0.00059 0.00064 0.00005 0.00925 

 

2. Cross-asset correlations 

Cross-asset Correlations part.1 

Horizon 
in 

Quarters 
Equity-
Bonds 

Equity-
Commodities 

Equity-
Hedge 
funds 

Equity-
NAREITs 

Equity-
T-bills 

Bonds-
Commodities 

Bonds-
Hedge 
funds 

Bonds-
NAREITs 

1 -0.129 0.240 0.655 0.708 0.256 -0.293 -0.235 -0.091 

2 -0.152 0.296 0.681 0.721 0.322 -0.326 -0.288 -0.143 

3 -0.159 0.331 0.695 0.724 0.371 -0.345 -0.323 -0.173 

4 -0.171 0.363 0.707 0.725 0.412 -0.362 -0.357 -0.199 

5 -0.184 0.390 0.717 0.724 0.445 -0.378 -0.388 -0.220 

6 -0.199 0.413 0.724 0.721 0.471 -0.392 -0.417 -0.239 

7 -0.215 0.434 0.730 0.718 0.492 -0.405 -0.444 -0.255 

8 -0.230 0.452 0.735 0.713 0.508 -0.417 -0.467 -0.270 

9 -0.245 0.467 0.738 0.709 0.521 -0.428 -0.488 -0.282 

10 -0.259 0.480 0.739 0.704 0.531 -0.438 -0.507 -0.293 

11 -0.273 0.492 0.740 0.698 0.537 -0.447 -0.523 -0.302 

12 -0.285 0.501 0.740 0.693 0.542 -0.455 -0.537 -0.310 

13 -0.296 0.510 0.738 0.687 0.544 -0.462 -0.549 -0.316 

14 -0.306 0.517 0.736 0.681 0.545 -0.468 -0.559 -0.322 

15 -0.315 0.523 0.732 0.675 0.544 -0.474 -0.567 -0.327 

16 -0.323 0.527 0.728 0.669 0.542 -0.478 -0.573 -0.330 



60 
 

Horizon 
in 

Quarters 
Equity-
Bonds 

Equity-
Commodities 

Equity-
Hedge 
funds 

Equity-
NAREITs 

Equity-
T-bills 

Bonds-
Commodities 

Bonds-
Hedge 
funds 

Bonds-
NAREITs 

17 -0.330 0.531 0.724 0.664 0.539 -0.482 -0.578 -0.333 

18 -0.336 0.534 0.718 0.658 0.534 -0.485 -0.581 -0.336 

19 -0.341 0.536 0.712 0.652 0.529 -0.487 -0.583 -0.338 

20 -0.345 0.537 0.706 0.646 0.523 -0.489 -0.583 -0.339 

21 -0.348 0.538 0.699 0.640 0.516 -0.490 -0.583 -0.340 

22 -0.351 0.538 0.691 0.635 0.508 -0.491 -0.581 -0.340 

23 -0.353 0.537 0.683 0.629 0.500 -0.491 -0.579 -0.341 

24 -0.355 0.536 0.675 0.624 0.492 -0.490 -0.575 -0.341 

25 -0.356 0.534 0.666 0.618 0.482 -0.489 -0.571 -0.340 

26 -0.357 0.532 0.657 0.613 0.473 -0.488 -0.567 -0.340 

27 -0.357 0.529 0.648 0.608 0.463 -0.486 -0.561 -0.339 

28 -0.358 0.526 0.639 0.603 0.453 -0.483 -0.555 -0.338 

29 -0.357 0.523 0.629 0.598 0.443 -0.481 -0.549 -0.337 

30 -0.357 0.519 0.619 0.593 0.432 -0.478 -0.542 -0.335 

31 -0.356 0.515 0.609 0.588 0.421 -0.475 -0.535 -0.334 

32 -0.356 0.511 0.599 0.583 0.411 -0.472 -0.528 -0.333 

33 -0.355 0.507 0.588 0.578 0.400 -0.468 -0.520 -0.331 

34 -0.353 0.502 0.578 0.574 0.389 -0.464 -0.512 -0.329 

35 -0.352 0.497 0.568 0.569 0.378 -0.460 -0.504 -0.328 

36 -0.351 0.492 0.557 0.565 0.367 -0.456 -0.495 -0.326 

37 -0.350 0.487 0.547 0.560 0.356 -0.452 -0.487 -0.324 

38 -0.348 0.482 0.537 0.556 0.345 -0.448 -0.479 -0.323 

39 -0.347 0.477 0.526 0.552 0.334 -0.443 -0.470 -0.321 

40 -0.345 0.471 0.516 0.548 0.324 -0.439 -0.462 -0.319 

41 -0.344 0.466 0.506 0.544 0.313 -0.435 -0.453 -0.318 

42 -0.342 0.460 0.496 0.540 0.303 -0.430 -0.445 -0.316 

43 -0.341 0.455 0.486 0.536 0.292 -0.426 -0.436 -0.314 

44 -0.339 0.450 0.476 0.532 0.282 -0.421 -0.428 -0.312 

45 -0.338 0.444 0.467 0.528 0.272 -0.417 -0.419 -0.311 

46 -0.336 0.439 0.457 0.525 0.263 -0.412 -0.411 -0.309 

47 -0.334 0.433 0.448 0.521 0.253 -0.408 -0.403 -0.307 

48 -0.333 0.428 0.438 0.518 0.244 -0.403 -0.395 -0.306 

49 -0.331 0.422 0.429 0.514 0.234 -0.399 -0.387 -0.304 

50 -0.330 0.417 0.421 0.511 0.225 -0.395 -0.380 -0.302 

51 -0.328 0.412 0.412 0.508 0.217 -0.391 -0.372 -0.301 

52 -0.327 0.406 0.403 0.505 0.208 -0.386 -0.365 -0.299 

53 -0.325 0.401 0.395 0.501 0.199 -0.382 -0.357 -0.298 

54 -0.324 0.396 0.387 0.498 0.191 -0.378 -0.350 -0.296 

55 -0.322 0.391 0.379 0.495 0.183 -0.374 -0.343 -0.295 

56 -0.321 0.386 0.371 0.493 0.175 -0.371 -0.336 -0.293 

57 -0.319 0.381 0.363 0.490 0.167 -0.367 -0.329 -0.292 

58 -0.318 0.377 0.356 0.487 0.160 -0.363 -0.323 -0.290 

59 -0.316 0.372 0.348 0.484 0.153 -0.359 -0.317 -0.289 



61 
 

Horizon 
in 

Quarters 
Equity-
Bonds 

Equity-
Commodities 

Equity-
Hedge 
funds 

Equity-
NAREITs 

Equity-
T-bills 

Bonds-
Commodities 

Bonds-
Hedge 
funds 

Bonds-
NAREITs 

60 -0.315 0.367 0.341 0.482 0.145 -0.356 -0.310 -0.288 

61 -0.314 0.363 0.334 0.479 0.138 -0.352 -0.304 -0.286 

62 -0.312 0.358 0.327 0.477 0.132 -0.349 -0.298 -0.285 

63 -0.311 0.354 0.320 0.474 0.125 -0.346 -0.292 -0.284 

64 -0.310 0.350 0.314 0.472 0.118 -0.342 -0.287 -0.282 

65 -0.308 0.346 0.307 0.469 0.112 -0.339 -0.281 -0.281 

66 -0.307 0.341 0.301 0.467 0.106 -0.336 -0.276 -0.280 

67 -0.306 0.337 0.295 0.465 0.100 -0.333 -0.270 -0.279 

68 -0.305 0.333 0.289 0.462 0.094 -0.330 -0.265 -0.278 

69 -0.303 0.330 0.283 0.460 0.088 -0.327 -0.260 -0.277 

70 -0.302 0.326 0.278 0.458 0.083 -0.324 -0.255 -0.275 

71 -0.301 0.322 0.272 0.456 0.077 -0.322 -0.250 -0.274 

72 -0.300 0.318 0.267 0.454 0.072 -0.319 -0.246 -0.273 

73 -0.299 0.315 0.261 0.452 0.067 -0.316 -0.241 -0.272 

74 -0.297 0.311 0.256 0.450 0.062 -0.314 -0.237 -0.271 

75 -0.296 0.308 0.251 0.448 0.057 -0.311 -0.232 -0.270 

76 -0.295 0.305 0.246 0.446 0.052 -0.309 -0.228 -0.269 

77 -0.294 0.301 0.241 0.445 0.047 -0.306 -0.224 -0.268 

78 -0.293 0.298 0.237 0.443 0.043 -0.304 -0.220 -0.267 

79 -0.292 0.295 0.232 0.441 0.038 -0.302 -0.216 -0.266 

80 -0.291 0.292 0.228 0.439 0.034 -0.299 -0.212 -0.266 

81 -0.290 0.289 0.223 0.438 0.030 -0.297 -0.208 -0.265 

82 -0.289 0.286 0.219 0.436 0.026 -0.295 -0.205 -0.264 

83 -0.288 0.283 0.215 0.434 0.022 -0.293 -0.201 -0.263 

84 -0.287 0.280 0.210 0.433 0.018 -0.291 -0.197 -0.262 

85 -0.286 0.278 0.206 0.431 0.014 -0.289 -0.194 -0.261 

86 -0.285 0.275 0.203 0.430 0.010 -0.287 -0.191 -0.260 

87 -0.284 0.272 0.199 0.428 0.006 -0.285 -0.187 -0.260 

88 -0.283 0.270 0.195 0.427 0.003 -0.283 -0.184 -0.259 

89 -0.282 0.267 0.191 0.426 -0.001 -0.282 -0.181 -0.258 

90 -0.281 0.265 0.188 0.424 -0.004 -0.280 -0.178 -0.257 

91 -0.280 0.262 0.184 0.423 -0.008 -0.278 -0.175 -0.257 

92 -0.279 0.260 0.181 0.421 -0.011 -0.276 -0.172 -0.256 

93 -0.279 0.257 0.177 0.420 -0.014 -0.275 -0.169 -0.255 

94 -0.278 0.255 0.174 0.419 -0.017 -0.273 -0.166 -0.254 

95 -0.277 0.253 0.171 0.417 -0.020 -0.271 -0.163 -0.254 

96 -0.276 0.251 0.167 0.416 -0.024 -0.270 -0.161 -0.253 

97 -0.275 0.249 0.164 0.415 -0.026 -0.268 -0.158 -0.252 

98 -0.274 0.246 0.161 0.414 -0.029 -0.267 -0.155 -0.252 

99 -0.274 0.244 0.158 0.413 -0.032 -0.265 -0.153 -0.251 

100 -0.273 0.242 0.155 0.411 -0.035 -0.264 -0.150 -0.251 
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Cross-asset Correlations part 2. 

Horizon 
in 

Quarters 
Bonds-
T-bills 

Commodities-
Hedge funds 

Commodities-
NAREITs 

Commodities-
T-bills 

Hedge 
funds-

NAREITs 

Hedge 
funds-
T-bills 

NAREITs-
T-bills 

1 -0.458 0.503 0.343 0.165 0.521 0.284 0.097 

2 -0.488 0.541 0.393 0.225 0.549 0.364 0.157 

3 -0.512 0.566 0.426 0.271 0.564 0.427 0.201 

4 -0.534 0.588 0.454 0.311 0.576 0.483 0.236 

5 -0.553 0.606 0.476 0.346 0.584 0.530 0.264 

6 -0.569 0.622 0.494 0.375 0.590 0.571 0.285 

7 -0.583 0.636 0.508 0.400 0.593 0.607 0.302 

8 -0.594 0.648 0.520 0.422 0.594 0.637 0.314 

9 -0.602 0.658 0.529 0.440 0.594 0.664 0.323 

10 -0.609 0.666 0.537 0.456 0.593 0.687 0.329 

11 -0.615 0.674 0.543 0.470 0.590 0.708 0.333 

12 -0.618 0.681 0.548 0.483 0.587 0.726 0.335 

13 -0.621 0.686 0.551 0.493 0.582 0.742 0.336 

14 -0.621 0.691 0.554 0.503 0.577 0.756 0.335 

15 -0.621 0.696 0.556 0.512 0.572 0.768 0.333 

16 -0.619 0.700 0.557 0.519 0.566 0.779 0.331 

17 -0.617 0.703 0.557 0.526 0.560 0.789 0.328 

18 -0.613 0.706 0.557 0.533 0.553 0.798 0.324 

19 -0.608 0.708 0.557 0.538 0.547 0.806 0.320 

20 -0.603 0.711 0.556 0.543 0.540 0.813 0.316 

21 -0.597 0.713 0.555 0.548 0.533 0.820 0.311 

22 -0.590 0.715 0.553 0.552 0.526 0.826 0.306 

23 -0.583 0.716 0.552 0.556 0.519 0.831 0.301 

24 -0.575 0.718 0.550 0.560 0.512 0.836 0.296 

25 -0.566 0.719 0.548 0.563 0.506 0.841 0.291 

26 -0.558 0.720 0.546 0.566 0.499 0.845 0.286 

27 -0.548 0.722 0.544 0.569 0.492 0.849 0.280 

28 -0.539 0.723 0.541 0.572 0.485 0.852 0.275 

29 -0.529 0.723 0.539 0.574 0.479 0.856 0.270 

30 -0.519 0.724 0.537 0.577 0.473 0.859 0.265 

31 -0.509 0.725 0.534 0.579 0.466 0.861 0.260 

32 -0.499 0.726 0.532 0.581 0.460 0.864 0.255 

33 -0.488 0.726 0.529 0.583 0.454 0.866 0.250 

34 -0.478 0.727 0.527 0.584 0.448 0.869 0.245 

35 -0.468 0.727 0.524 0.586 0.443 0.871 0.240 

36 -0.457 0.728 0.522 0.588 0.437 0.873 0.235 

37 -0.447 0.728 0.519 0.589 0.432 0.875 0.231 

38 -0.436 0.729 0.517 0.591 0.426 0.876 0.226 

39 -0.426 0.729 0.514 0.592 0.421 0.878 0.222 

40 -0.416 0.730 0.512 0.593 0.416 0.879 0.218 

41 -0.406 0.730 0.509 0.594 0.411 0.881 0.214 

42 -0.396 0.730 0.507 0.595 0.406 0.882 0.210 
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Horizon 
in 

Quarters 
Bonds-
T-bills 

Commodities-
Hedge funds 

Commodities-
NAREITs 

Commodities-
T-bills 

Hedge 
funds-

NAREITs 

Hedge 
funds-
T-bills 

NAREITs-
T-bills 

43 -0.386 0.730 0.505 0.596 0.402 0.883 0.206 

44 -0.377 0.731 0.503 0.597 0.397 0.885 0.202 

45 -0.367 0.731 0.500 0.598 0.393 0.886 0.198 

46 -0.358 0.731 0.498 0.599 0.389 0.887 0.195 

47 -0.349 0.731 0.496 0.600 0.385 0.888 0.191 

48 -0.340 0.732 0.494 0.601 0.381 0.889 0.188 

49 -0.331 0.732 0.492 0.602 0.377 0.890 0.184 

50 -0.323 0.732 0.490 0.603 0.373 0.891 0.181 

51 -0.314 0.732 0.488 0.603 0.369 0.891 0.178 

52 -0.306 0.732 0.486 0.604 0.366 0.892 0.175 

53 -0.298 0.732 0.484 0.605 0.362 0.893 0.172 

54 -0.290 0.733 0.482 0.605 0.359 0.894 0.169 

55 -0.283 0.733 0.480 0.606 0.356 0.894 0.166 

56 -0.276 0.733 0.479 0.607 0.352 0.895 0.164 

57 -0.268 0.733 0.477 0.607 0.349 0.896 0.161 

58 -0.261 0.733 0.475 0.608 0.346 0.896 0.159 

59 -0.255 0.733 0.474 0.608 0.344 0.897 0.156 

60 -0.248 0.733 0.472 0.609 0.341 0.897 0.154 

61 -0.242 0.733 0.470 0.609 0.338 0.898 0.151 

62 -0.235 0.733 0.469 0.610 0.335 0.898 0.149 

63 -0.229 0.733 0.467 0.610 0.333 0.899 0.147 

64 -0.223 0.734 0.466 0.611 0.330 0.899 0.145 

65 -0.218 0.734 0.465 0.611 0.328 0.900 0.143 

66 -0.212 0.734 0.463 0.611 0.325 0.900 0.141 

67 -0.207 0.734 0.462 0.612 0.323 0.901 0.139 

68 -0.201 0.734 0.461 0.612 0.321 0.901 0.137 

69 -0.196 0.734 0.459 0.613 0.319 0.901 0.135 

70 -0.191 0.734 0.458 0.613 0.317 0.902 0.133 

71 -0.186 0.734 0.457 0.613 0.315 0.902 0.132 

72 -0.181 0.734 0.456 0.614 0.313 0.903 0.130 

73 -0.177 0.734 0.455 0.614 0.311 0.903 0.128 

74 -0.172 0.734 0.453 0.614 0.309 0.903 0.127 

75 -0.168 0.734 0.452 0.615 0.307 0.903 0.125 

76 -0.164 0.734 0.451 0.615 0.305 0.904 0.124 

77 -0.159 0.734 0.450 0.615 0.303 0.904 0.122 

78 -0.155 0.734 0.449 0.616 0.302 0.904 0.121 

79 -0.151 0.735 0.448 0.616 0.300 0.905 0.119 

80 -0.148 0.735 0.447 0.616 0.298 0.905 0.118 

81 -0.144 0.735 0.446 0.616 0.297 0.905 0.117 

82 -0.140 0.735 0.445 0.617 0.295 0.905 0.115 

83 -0.136 0.735 0.444 0.617 0.294 0.906 0.114 

84 -0.133 0.735 0.444 0.617 0.292 0.906 0.113 

85 -0.130 0.735 0.443 0.617 0.291 0.906 0.112 
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Horizon 
in 

Quarters 
Bonds-
T-bills 

Commodities-
Hedge funds 

Commodities-
NAREITs 

Commodities-
T-bills 

Hedge 
funds-

NAREITs 

Hedge 
funds-
T-bills 

NAREITs-
T-bills 

86 -0.126 0.735 0.442 0.618 0.289 0.906 0.111 

87 -0.123 0.735 0.441 0.618 0.288 0.907 0.109 

88 -0.120 0.735 0.440 0.618 0.287 0.907 0.108 

89 -0.117 0.735 0.439 0.618 0.285 0.907 0.107 

90 -0.114 0.735 0.439 0.618 0.284 0.907 0.106 

91 -0.111 0.735 0.438 0.619 0.283 0.907 0.105 

92 -0.108 0.735 0.437 0.619 0.281 0.908 0.104 

93 -0.105 0.735 0.436 0.619 0.280 0.908 0.103 

94 -0.102 0.735 0.436 0.619 0.279 0.908 0.102 

95 -0.099 0.735 0.435 0.619 0.278 0.908 0.101 

96 -0.097 0.735 0.434 0.620 0.277 0.908 0.100 

97 -0.094 0.735 0.434 0.620 0.276 0.908 0.099 

98 -0.092 0.735 0.433 0.620 0.275 0.909 0.098 

99 -0.089 0.735 0.432 0.620 0.274 0.909 0.098 

100 -0.087 0.735 0.432 0.620 0.272 0.909 0.097 

 

3. Assets hedging capacity 

Assets correlation with price inflation 

Horizon in 
Quarters 

Commodities 
Hedge 
Funds 

Nominal 
Bonds 

NAREITs Equity T-Bills 

1 0,79 0,49 -0,15 0,33 0,24 0,19 

2 0,83 0,49 -0,24 0,31 0,17 0,19 

3 0,84 0,50 -0,28 0,32 0,16 0,21 

4 0,85 0,51 -0,31 0,33 0,16 0,23 

5 0,85 0,52 -0,33 0,34 0,18 0,26 

6 0,85 0,54 -0,35 0,36 0,20 0,29 

7 0,85 0,55 -0,36 0,37 0,22 0,32 

8 0,85 0,56 -0,38 0,38 0,24 0,34 

9 0,85 0,58 -0,39 0,39 0,26 0,37 

10 0,85 0,59 -0,40 0,40 0,28 0,39 

11 0,86 0,60 -0,41 0,40 0,29 0,40 

12 0,86 0,61 -0,42 0,41 0,31 0,42 

13 0,86 0,61 -0,42 0,41 0,32 0,43 

14 0,86 0,62 -0,43 0,42 0,34 0,45 

15 0,86 0,63 -0,44 0,42 0,35 0,46 

16 0,86 0,63 -0,44 0,42 0,35 0,47 

17 0,86 0,64 -0,44 0,42 0,36 0,47 

18 0,85 0,64 -0,45 0,42 0,37 0,48 

19 0,85 0,64 -0,45 0,43 0,38 0,48 

20 0,85 0,65 -0,45 0,43 0,38 0,49 

21 0,85 0,65 -0,45 0,42 0,38 0,49 
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Horizon in 
Quarters 

Commodities 
Hedge 
Funds 

Nominal 
Bonds 

NAREITs Equity T-Bills 

22 0,85 0,65 -0,45 0,42 0,39 0,50 

23 0,85 0,65 -0,45 0,42 0,39 0,50 

24 0,85 0,65 -0,44 0,42 0,39 0,50 

25 0,85 0,65 -0,44 0,42 0,39 0,50 

26 0,85 0,65 -0,44 0,42 0,39 0,50 

27 0,85 0,65 -0,43 0,42 0,39 0,50 

28 0,85 0,65 -0,43 0,41 0,39 0,50 

29 0,85 0,65 -0,43 0,41 0,39 0,50 

30 0,85 0,65 -0,42 0,41 0,39 0,50 

31 0,85 0,65 -0,42 0,41 0,39 0,50 

32 0,85 0,65 -0,41 0,41 0,39 0,50 

33 0,84 0,65 -0,40 0,41 0,39 0,50 

34 0,84 0,65 -0,40 0,40 0,38 0,50 

35 0,84 0,65 -0,39 0,40 0,38 0,50 

36 0,84 0,64 -0,39 0,40 0,38 0,50 

37 0,84 0,64 -0,38 0,40 0,38 0,50 

38 0,84 0,64 -0,37 0,40 0,38 0,50 

39 0,84 0,64 -0,37 0,39 0,37 0,50 

40 0,84 0,64 -0,36 0,39 0,37 0,50 

41 0,84 0,64 -0,36 0,39 0,37 0,49 

42 0,84 0,64 -0,35 0,39 0,37 0,49 

43 0,83 0,64 -0,34 0,39 0,36 0,49 

44 0,83 0,63 -0,34 0,38 0,36 0,49 

45 0,83 0,63 -0,33 0,38 0,36 0,49 

46 0,83 0,63 -0,32 0,38 0,36 0,49 

47 0,83 0,63 -0,32 0,38 0,35 0,49 

48 0,83 0,63 -0,31 0,38 0,35 0,49 

49 0,83 0,63 -0,30 0,38 0,35 0,49 

50 0,83 0,63 -0,30 0,37 0,35 0,48 

51 0,83 0,62 -0,29 0,37 0,34 0,48 

52 0,83 0,62 -0,29 0,37 0,34 0,48 

53 0,83 0,62 -0,28 0,37 0,34 0,48 

54 0,83 0,62 -0,27 0,37 0,34 0,48 

55 0,82 0,62 -0,27 0,37 0,33 0,48 

56 0,82 0,62 -0,26 0,37 0,33 0,48 

57 0,82 0,62 -0,26 0,37 0,33 0,48 

58 0,82 0,62 -0,25 0,36 0,33 0,48 

59 0,82 0,62 -0,25 0,36 0,33 0,47 

60 0,82 0,61 -0,24 0,36 0,32 0,47 

61 0,82 0,61 -0,24 0,36 0,32 0,47 

62 0,82 0,61 -0,23 0,36 0,32 0,47 

63 0,82 0,61 -0,22 0,36 0,32 0,47 

64 0,82 0,61 -0,22 0,36 0,32 0,47 

65 0,82 0,61 -0,21 0,36 0,31 0,47 
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Horizon in 
Quarters 

Commodities 
Hedge 
Funds 

Nominal 
Bonds 

NAREITs Equity T-Bills 

66 0,82 0,61 -0,21 0,36 0,31 0,47 

67 0,82 0,61 -0,21 0,35 0,31 0,47 

68 0,82 0,61 -0,20 0,35 0,31 0,47 

69 0,82 0,61 -0,20 0,35 0,31 0,47 

70 0,81 0,61 -0,19 0,35 0,30 0,47 

71 0,81 0,60 -0,19 0,35 0,30 0,47 

72 0,81 0,60 -0,18 0,35 0,30 0,46 

73 0,81 0,60 -0,18 0,35 0,30 0,46 

74 0,81 0,60 -0,17 0,35 0,30 0,46 

75 0,81 0,60 -0,17 0,35 0,30 0,46 

76 0,81 0,60 -0,17 0,35 0,30 0,46 

77 0,81 0,60 -0,16 0,35 0,29 0,46 

78 0,81 0,60 -0,16 0,35 0,29 0,46 

79 0,81 0,60 -0,16 0,34 0,29 0,46 

80 0,81 0,60 -0,15 0,34 0,29 0,46 

81 0,81 0,60 -0,15 0,34 0,29 0,46 

82 0,81 0,60 -0,14 0,34 0,29 0,46 

83 0,81 0,60 -0,14 0,34 0,29 0,46 

84 0,81 0,60 -0,14 0,34 0,28 0,46 

85 0,81 0,60 -0,13 0,34 0,28 0,46 

86 0,81 0,60 -0,13 0,34 0,28 0,46 

87 0,81 0,59 -0,13 0,34 0,28 0,46 

88 0,81 0,59 -0,12 0,34 0,28 0,46 

89 0,81 0,59 -0,12 0,34 0,28 0,46 

90 0,81 0,59 -0,12 0,34 0,28 0,46 

91 0,81 0,59 -0,11 0,34 0,28 0,46 

92 0,81 0,59 -0,11 0,34 0,28 0,45 

93 0,81 0,59 -0,11 0,34 0,27 0,45 

94 0,80 0,59 -0,11 0,34 0,27 0,45 

95 0,80 0,59 -0,10 0,33 0,27 0,45 

96 0,80 0,59 -0,10 0,33 0,27 0,45 

97 0,80 0,59 -0,10 0,33 0,27 0,45 

98 0,80 0,59 -0,09 0,33 0,27 0,45 

99 0,80 0,59 -0,09 0,33 0,27 0,45 

100 0,80 0,59 -0,09 0,33 0,27 0,45 
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Assets correlation with wage inflation 

Horizon in 
Quarters 

Commodities 
Hedge 
Funds 

Nominal 
Bonds 

NAREITs Equity T-Bills 

1 0,00 -0,03 0,10 -0,07 -0,11 -0,16 

2 -0,03 -0,04 0,13 -0,08 -0,12 -0,15 

3 -0,02 -0,01 0,11 -0,06 -0,10 -0,11 

4 0,00 0,03 0,09 -0,03 -0,07 -0,05 

5 0,03 0,08 0,07 -0,01 -0,05 0,00 

6 0,06 0,13 0,04 0,02 -0,02 0,06 

7 0,09 0,17 0,01 0,05 0,01 0,11 

8 0,12 0,21 -0,03 0,07 0,03 0,16 

9 0,15 0,25 -0,05 0,09 0,05 0,20 

10 0,17 0,29 -0,08 0,11 0,07 0,24 

11 0,20 0,32 -0,11 0,13 0,09 0,27 

12 0,22 0,35 -0,13 0,14 0,10 0,30 

13 0,24 0,37 -0,15 0,16 0,12 0,33 

14 0,26 0,40 -0,17 0,17 0,13 0,35 

15 0,27 0,42 -0,19 0,17 0,13 0,37 

16 0,29 0,44 -0,20 0,18 0,14 0,39 

17 0,30 0,46 -0,22 0,19 0,15 0,41 

18 0,31 0,47 -0,23 0,19 0,15 0,42 

19 0,32 0,49 -0,24 0,19 0,15 0,43 

20 0,33 0,50 -0,25 0,20 0,16 0,44 

21 0,34 0,51 -0,25 0,20 0,16 0,45 

22 0,35 0,52 -0,26 0,20 0,16 0,45 

23 0,36 0,53 -0,27 0,20 0,16 0,46 

24 0,37 0,54 -0,27 0,20 0,16 0,46 

25 0,37 0,55 -0,27 0,20 0,16 0,47 

26 0,38 0,55 -0,27 0,20 0,16 0,47 

27 0,38 0,56 -0,28 0,20 0,16 0,47 

28 0,39 0,57 -0,28 0,20 0,16 0,47 

29 0,39 0,57 -0,28 0,19 0,15 0,47 

30 0,40 0,58 -0,28 0,19 0,15 0,47 

31 0,40 0,58 -0,27 0,19 0,15 0,47 

32 0,41 0,59 -0,27 0,19 0,15 0,47 

33 0,41 0,59 -0,27 0,19 0,15 0,47 

34 0,41 0,59 -0,27 0,19 0,15 0,47 

35 0,41 0,60 -0,27 0,18 0,14 0,46 

36 0,42 0,60 -0,26 0,18 0,14 0,46 

37 0,42 0,60 -0,26 0,18 0,14 0,46 

38 0,42 0,60 -0,26 0,18 0,14 0,45 

39 0,42 0,61 -0,25 0,17 0,13 0,45 

40 0,43 0,61 -0,25 0,17 0,13 0,45 

41 0,43 0,61 -0,25 0,17 0,13 0,44 

42 0,43 0,61 -0,24 0,17 0,13 0,44 

43 0,43 0,61 -0,24 0,17 0,13 0,44 
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Horizon in 
Quarters 

Commodities 
Hedge 
Funds 

Nominal 
Bonds 

NAREITs Equity T-Bills 

44 0,43 0,62 -0,23 0,16 0,12 0,43 

45 0,43 0,62 -0,23 0,16 0,12 0,43 

46 0,44 0,62 -0,23 0,16 0,12 0,43 

47 0,44 0,62 -0,22 0,16 0,12 0,42 

48 0,44 0,62 -0,22 0,16 0,12 0,42 

49 0,44 0,62 -0,22 0,15 0,11 0,42 

50 0,44 0,62 -0,21 0,15 0,11 0,41 

51 0,44 0,63 -0,21 0,15 0,11 0,41 

52 0,44 0,63 -0,20 0,15 0,11 0,40 

53 0,44 0,63 -0,20 0,15 0,11 0,40 

54 0,44 0,63 -0,20 0,14 0,10 0,40 

55 0,44 0,63 -0,19 0,14 0,10 0,39 

56 0,44 0,63 -0,19 0,14 0,10 0,39 

57 0,45 0,63 -0,19 0,14 0,10 0,39 

58 0,45 0,63 -0,18 0,14 0,10 0,38 

59 0,45 0,63 -0,18 0,14 0,10 0,38 

60 0,45 0,63 -0,18 0,13 0,09 0,38 

61 0,45 0,63 -0,17 0,13 0,09 0,37 

62 0,45 0,63 -0,17 0,13 0,09 0,37 

63 0,45 0,63 -0,17 0,13 0,09 0,37 

64 0,45 0,63 -0,16 0,13 0,09 0,36 

65 0,45 0,63 -0,16 0,13 0,09 0,36 

66 0,45 0,63 -0,16 0,13 0,09 0,36 

67 0,45 0,64 -0,15 0,12 0,08 0,35 

68 0,45 0,64 -0,15 0,12 0,08 0,35 

69 0,45 0,64 -0,15 0,12 0,08 0,35 

70 0,45 0,64 -0,15 0,12 0,08 0,35 

71 0,45 0,64 -0,14 0,12 0,08 0,34 

72 0,45 0,64 -0,14 0,12 0,08 0,34 

73 0,45 0,64 -0,14 0,12 0,08 0,34 

74 0,45 0,64 -0,14 0,12 0,08 0,33 

75 0,45 0,64 -0,13 0,11 0,07 0,33 

76 0,45 0,64 -0,13 0,11 0,07 0,33 

77 0,45 0,64 -0,13 0,11 0,07 0,33 

78 0,45 0,64 -0,13 0,11 0,07 0,32 

79 0,45 0,64 -0,13 0,11 0,07 0,32 

80 0,45 0,64 -0,12 0,11 0,07 0,32 

81 0,45 0,64 -0,12 0,11 0,07 0,32 

82 0,46 0,64 -0,12 0,11 0,07 0,32 

83 0,46 0,64 -0,12 0,11 0,07 0,31 

84 0,46 0,64 -0,12 0,11 0,07 0,31 

85 0,46 0,64 -0,11 0,11 0,07 0,31 

86 0,46 0,64 -0,11 0,10 0,06 0,31 

87 0,46 0,64 -0,11 0,10 0,06 0,31 
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Horizon in 
Quarters 

Commodities 
Hedge 
Funds 

Nominal 
Bonds 

NAREITs Equity T-Bills 

88 0,46 0,64 -0,11 0,10 0,06 0,30 

89 0,46 0,64 -0,11 0,10 0,06 0,30 

90 0,46 0,64 -0,10 0,10 0,06 0,30 

91 0,46 0,64 -0,10 0,10 0,06 0,30 

92 0,46 0,64 -0,10 0,10 0,06 0,30 

93 0,46 0,64 -0,10 0,10 0,06 0,29 

94 0,46 0,64 -0,10 0,10 0,06 0,29 

95 0,46 0,64 -0,10 0,10 0,06 0,29 

96 0,46 0,64 -0,10 0,10 0,06 0,29 

97 0,46 0,64 -0,09 0,10 0,06 0,29 

98 0,46 0,64 -0,09 0,10 0,06 0,29 

99 0,46 0,64 -0,09 0,09 0,05 0,29 

100 0,46 0,64 -0,09 0,09 0,05 0,28 

 

4a. Price inflation asset allocation 

      γ=2       

Horizon Equity Nominal Bonds Commodities Hedge Funds NAREITs T-bills 

1 2,7085 -7,5971 0,7393 -2,7133 1,7778 6,0848 

2 2,5653 -6,9219 0,7326 -2,6849 1,7713 5,5376 

3 2,2621 -5,9332 0,6923 -2,6070 1,7966 4,7892 

4 1,8965 -4,7998 0,6378 -2,5045 1,8388 3,9311 

5 1,5415 -3,6546 0,5828 -2,3971 1,8849 3,0424 

6 1,2370 -2,5774 0,5342 -2,2964 1,9269 2,1757 

7 0,9975 -1,6049 0,4943 -2,2078 1,9611 1,3598 

8 0,8224 -0,7466 0,4629 -2,1327 1,9870 0,6071 

9 0,7045 0,0016 0,4386 -2,0704 2,0052 -0,0796 

10 0,6343 0,6504 0,4201 -2,0194 2,0172 -0,7026 

11 0,6024 1,2118 0,4058 -1,9781 2,0243 -1,2663 

12 0,6004 1,6979 0,3947 -1,9448 2,0278 -1,7759 

13 0,6215 2,1193 0,3858 -1,9184 2,0286 -2,2368 

14 0,6599 2,4854 0,3785 -1,8974 2,0277 -2,6540 

15 0,7111 2,8042 0,3722 -1,8811 2,0256 -3,0321 

16 0,7716 3,0825 0,3666 -1,8685 2,0229 -3,3752 

17 0,8386 3,3260 0,3615 -1,8591 2,0198 -3,6869 

18 0,9099 3,5395 0,3567 -1,8522 2,0166 -3,9705 

19 0,9837 3,7272 0,3521 -1,8475 2,0135 -4,2290 

20 1,0587 3,8923 0,3476 -1,8446 2,0107 -4,4648 

21 1,1340 4,0380 0,3432 -1,8431 2,0080 -4,6802 

22 1,2088 4,1666 0,3388 -1,8428 2,0057 -4,8771 

23 1,2823 4,2804 0,3344 -1,8435 2,0038 -5,0575 

24 1,3543 4,3812 0,3301 -1,8450 2,0022 -5,2228 

25 1,4244 4,4705 0,3259 -1,8472 2,0010 -5,3745 
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26 1,4923 4,5497 0,3217 -1,8500 2,0001 -5,5139 

27 1,5580 4,6201 0,3176 -1,8531 1,9995 -5,6420 

28 1,6212 4,6826 0,3135 -1,8566 1,9993 -5,7600 

29 1,6821 4,7382 0,3096 -1,8604 1,9993 -5,8686 

30 1,7404 4,7876 0,3057 -1,8644 1,9996 -5,9689 

31 1,7964 4,8315 0,3019 -1,8685 2,0001 -6,0614 

32 1,8499 4,8705 0,2983 -1,8728 2,0008 -6,1468 

33 1,9012 4,9053 0,2947 -1,8771 2,0018 -6,2259 

34 1,9502 4,9361 0,2913 -1,8814 2,0029 -6,2991 

35 1,9970 4,9634 0,2880 -1,8857 2,0042 -6,3668 

36 2,0417 4,9877 0,2848 -1,8901 2,0056 -6,4297 

37 2,0844 5,0092 0,2817 -1,8944 2,0071 -6,4880 

38 2,1252 5,0282 0,2787 -1,8986 2,0088 -6,5422 

39 2,1641 5,0449 0,2759 -1,9028 2,0105 -6,5926 

40 2,2014 5,0596 0,2731 -1,9069 2,0123 -6,6395 

41 2,2370 5,0724 0,2705 -1,9109 2,0142 -6,6832 

42 2,2710 5,0837 0,2680 -1,9149 2,0161 -6,7239 

43 2,3035 5,0934 0,2655 -1,9187 2,0181 -6,7618 

44 2,3346 5,1018 0,2632 -1,9225 2,0202 -6,7973 

45 2,3645 5,1090 0,2609 -1,9262 2,0222 -6,8304 

46 2,3930 5,1150 0,2588 -1,9297 2,0243 -6,8614 

47 2,4204 5,1201 0,2567 -1,9332 2,0264 -6,8903 

48 2,4467 5,1242 0,2547 -1,9366 2,0285 -6,9175 

49 2,4719 5,1275 0,2528 -1,9399 2,0306 -6,9429 

50 2,4962 5,1301 0,2509 -1,9431 2,0327 -6,9668 

51 2,5195 5,1320 0,2491 -1,9462 2,0349 -6,9892 

52 2,5419 5,1332 0,2474 -1,9492 2,0370 -7,0102 

53 2,5634 5,1339 0,2458 -1,9521 2,0391 -7,0300 

54 2,5842 5,1341 0,2442 -1,9550 2,0412 -7,0486 

55 2,6043 5,1337 0,2426 -1,9577 2,0432 -7,0662 

56 2,6236 5,1330 0,2411 -1,9604 2,0453 -7,0827 

57 2,6423 5,1319 0,2397 -1,9630 2,0474 -7,0983 

58 2,6604 5,1304 0,2383 -1,9655 2,0494 -7,1129 

59 2,6778 5,1286 0,2369 -1,9679 2,0514 -7,1268 

60 2,6947 5,1265 0,2356 -1,9703 2,0534 -7,1399 

61 2,7111 5,1241 0,2343 -1,9726 2,0554 -7,1523 

62 2,7269 5,1215 0,2331 -1,9748 2,0573 -7,1640 

63 2,7423 5,1187 0,2319 -1,9770 2,0593 -7,1751 

64 2,7572 5,1156 0,2307 -1,9791 2,0612 -7,1856 

65 2,7717 5,1124 0,2296 -1,9811 2,0630 -7,1956 

66 2,7858 5,1090 0,2284 -1,9831 2,0649 -7,2050 

67 2,7994 5,1055 0,2274 -1,9850 2,0667 -7,2140 

68 2,8127 5,1018 0,2263 -1,9869 2,0686 -7,2225 

69 2,8257 5,0980 0,2253 -1,9887 2,0703 -7,2306 

70 2,8382 5,0941 0,2243 -1,9905 2,0721 -7,2383 
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71 2,8505 5,0901 0,2233 -1,9922 2,0738 -7,2456 

72 2,8625 5,0860 0,2223 -1,9938 2,0756 -7,2525 

73 2,8741 5,0819 0,2214 -1,9955 2,0772 -7,2592 

74 2,8855 5,0776 0,2204 -1,9970 2,0789 -7,2655 

75 2,8966 5,0733 0,2195 -1,9986 2,0806 -7,2715 

76 2,9075 5,0690 0,2186 -2,0000 2,0822 -7,2772 

77 2,9180 5,0646 0,2178 -2,0015 2,0838 -7,2827 

78 2,9284 5,0602 0,2169 -2,0029 2,0854 -7,2879 

79 2,9385 5,0557 0,2161 -2,0043 2,0869 -7,2929 

80 2,9484 5,0513 0,2152 -2,0056 2,0884 -7,2977 

81 2,9581 5,0467 0,2144 -2,0069 2,0900 -7,3023 

82 2,9676 5,0422 0,2136 -2,0082 2,0914 -7,3066 

83 2,9768 5,0377 0,2128 -2,0094 2,0929 -7,3108 

84 2,9859 5,0331 0,2120 -2,0106 2,0944 -7,3148 

85 2,9948 5,0286 0,2113 -2,0118 2,0958 -7,3186 

86 3,0035 5,0240 0,2105 -2,0130 2,0972 -7,3223 

87 3,0121 5,0195 0,2098 -2,0141 2,0986 -7,3258 

88 3,0205 5,0149 0,2091 -2,0152 2,1000 -7,3292 

89 3,0287 5,0104 0,2083 -2,0163 2,1013 -7,3324 

90 3,0367 5,0058 0,2076 -2,0173 2,1026 -7,3355 

91 3,0447 5,0013 0,2069 -2,0183 2,1039 -7,3385 

92 3,0524 4,9968 0,2062 -2,0193 2,1052 -7,3414 

93 3,0601 4,9923 0,2056 -2,0203 2,1065 -7,3441 

94 3,0676 4,9878 0,2049 -2,0212 2,1078 -7,3468 

95 3,0749 4,9833 0,2042 -2,0222 2,1090 -7,3493 

96 3,0821 4,9788 0,2036 -2,0231 2,1102 -7,3517 

97 3,0893 4,9744 0,2029 -2,0240 2,1115 -7,3541 

98 3,0962 4,9700 0,2023 -2,0248 2,1126 -7,3563 

99 3,1031 4,9656 0,2017 -2,0257 2,1138 -7,3585 

100 3,1099 4,9612 0,2011 -2,0265 2,1150 -7,3606 

 

      γ=5       

Horizon Equity Nominal Bonds Commodities 
Hedge 
Funds NAREITs T-bills 

1 1,0680 -2,9904 0,3140 -1,0826 0,7167 2,9742 

2 1,0007 -2,6874 0,3106 -1,0695 0,7164 2,7291 

3 0,8694 -2,2566 0,2936 -1,0362 0,7286 2,4013 

4 0,7146 -1,7686 0,2710 -0,9932 0,7470 2,0292 

5 0,5663 -1,2783 0,2484 -0,9485 0,7665 1,6456 

6 0,4405 -0,8183 0,2286 -0,9069 0,7838 1,2723 

7 0,3427 -0,4035 0,2125 -0,8704 0,7977 0,9210 

8 0,2724 -0,0373 0,1999 -0,8396 0,8078 0,5968 

9 0,2263 0,2822 0,1903 -0,8141 0,8147 0,3006 

10 0,2003 0,5596 0,1831 -0,7934 0,8189 0,0315 
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Hedge 
Funds NAREITs T-bills 

11 0,1903 0,8001 0,1776 -0,7767 0,8211 -0,2124 

12 0,1929 1,0087 0,1733 -0,7633 0,8218 -0,4333 

13 0,2050 1,1899 0,1700 -0,7527 0,8214 -0,6335 

14 0,2242 1,3477 0,1673 -0,7445 0,8203 -0,8151 

15 0,2488 1,4855 0,1650 -0,7380 0,8187 -0,9799 

16 0,2771 1,6060 0,1629 -0,7332 0,8169 -1,1297 

17 0,3079 1,7117 0,1611 -0,7296 0,8150 -1,2661 

18 0,3405 1,8046 0,1593 -0,7271 0,8132 -1,3905 

19 0,3739 1,8865 0,1575 -0,7254 0,8113 -1,5039 

20 0,4078 1,9588 0,1558 -0,7245 0,8097 -1,6076 

21 0,4416 2,0227 0,1542 -0,7241 0,8081 -1,7024 

22 0,4751 2,0793 0,1525 -0,7243 0,8067 -1,7893 

23 0,5079 2,1295 0,1508 -0,7248 0,8055 -1,8690 

24 0,5400 2,1741 0,1491 -0,7257 0,8045 -1,9421 

25 0,5711 2,2138 0,1475 -0,7268 0,8037 -2,0093 

26 0,6013 2,2492 0,1458 -0,7282 0,8030 -2,0711 

27 0,6303 2,2807 0,1442 -0,7297 0,8025 -2,1280 

28 0,6583 2,3088 0,1426 -0,7313 0,8021 -2,1805 

29 0,6852 2,3339 0,1411 -0,7331 0,8018 -2,2289 

30 0,7109 2,3563 0,1395 -0,7349 0,8017 -2,2736 

31 0,7355 2,3764 0,1380 -0,7368 0,8017 -2,3149 

32 0,7590 2,3943 0,1366 -0,7387 0,8018 -2,3531 

33 0,7815 2,4104 0,1352 -0,7407 0,8021 -2,3885 

34 0,8030 2,4247 0,1338 -0,7426 0,8023 -2,4213 

35 0,8235 2,4376 0,1325 -0,7446 0,8027 -2,4517 

36 0,8430 2,4490 0,1313 -0,7465 0,8032 -2,4799 

37 0,8616 2,4593 0,1300 -0,7484 0,8036 -2,5062 

38 0,8794 2,4685 0,1289 -0,7503 0,8042 -2,5306 

39 0,8963 2,4767 0,1278 -0,7521 0,8048 -2,5534 

40 0,9125 2,4839 0,1267 -0,7540 0,8054 -2,5746 

41 0,9279 2,4904 0,1256 -0,7557 0,8061 -2,5944 

42 0,9426 2,4962 0,1246 -0,7575 0,8068 -2,6128 

43 0,9567 2,5013 0,1237 -0,7592 0,8075 -2,6301 

44 0,9701 2,5058 0,1228 -0,7609 0,8083 -2,6462 

45 0,9830 2,5098 0,1219 -0,7625 0,8091 -2,6613 

46 0,9953 2,5133 0,1211 -0,7640 0,8098 -2,6754 

47 1,0070 2,5163 0,1203 -0,7656 0,8106 -2,6887 

48 1,0183 2,5189 0,1195 -0,7671 0,8114 -2,7011 

49 1,0291 2,5212 0,1188 -0,7685 0,8123 -2,7128 

50 1,0395 2,5231 0,1180 -0,7699 0,8131 -2,7237 

51 1,0494 2,5247 0,1174 -0,7713 0,8139 -2,7341 

52 1,0589 2,5260 0,1167 -0,7726 0,8147 -2,7438 

53 1,0681 2,5271 0,1161 -0,7739 0,8155 -2,7529 

54 1,0769 2,5279 0,1155 -0,7751 0,8163 -2,7616 
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Hedge 
Funds NAREITs T-bills 

55 1,0854 2,5286 0,1149 -0,7763 0,8172 -2,7697 

56 1,0936 2,5290 0,1143 -0,7775 0,8180 -2,7774 

57 1,1015 2,5292 0,1138 -0,7786 0,8188 -2,7846 

58 1,1091 2,5293 0,1132 -0,7797 0,8196 -2,7915 

59 1,1165 2,5292 0,1127 -0,7808 0,8204 -2,7980 

60 1,1236 2,5290 0,1123 -0,7818 0,8211 -2,8042 

61 1,1304 2,5287 0,1118 -0,7829 0,8219 -2,8100 

62 1,1371 2,5283 0,1113 -0,7838 0,8227 -2,8155 

63 1,1435 2,5277 0,1109 -0,7848 0,8235 -2,8208 

64 1,1497 2,5271 0,1104 -0,7857 0,8242 -2,8257 

65 1,1558 2,5263 0,1100 -0,7866 0,8250 -2,8305 

66 1,1616 2,5255 0,1096 -0,7875 0,8257 -2,8350 

67 1,1673 2,5246 0,1092 -0,7883 0,8264 -2,8393 

68 1,1728 2,5237 0,1088 -0,7891 0,8271 -2,8433 

69 1,1782 2,5226 0,1084 -0,7899 0,8279 -2,8472 

70 1,1834 2,5216 0,1081 -0,7907 0,8286 -2,8509 

71 1,1885 2,5204 0,1077 -0,7914 0,8292 -2,8545 

72 1,1934 2,5193 0,1074 -0,7922 0,8299 -2,8578 

73 1,1982 2,5180 0,1070 -0,7929 0,8306 -2,8611 

74 1,2029 2,5168 0,1067 -0,7936 0,8313 -2,8641 

75 1,2075 2,5155 0,1064 -0,7942 0,8319 -2,8671 

76 1,2120 2,5142 0,1060 -0,7949 0,8326 -2,8699 

77 1,2163 2,5129 0,1057 -0,7955 0,8332 -2,8726 

78 1,2206 2,5115 0,1054 -0,7961 0,8338 -2,8752 

79 1,2247 2,5101 0,1051 -0,7967 0,8345 -2,8776 

80 1,2288 2,5087 0,1048 -0,7973 0,8351 -2,8800 

81 1,2327 2,5073 0,1045 -0,7979 0,8357 -2,8823 

82 1,2366 2,5058 0,1042 -0,7985 0,8363 -2,8845 

83 1,2404 2,5044 0,1039 -0,7990 0,8368 -2,8866 

84 1,2441 2,5029 0,1037 -0,7995 0,8374 -2,8886 

85 1,2477 2,5015 0,1034 -0,8000 0,8380 -2,8905 

86 1,2512 2,5000 0,1031 -0,8006 0,8386 -2,8924 

87 1,2547 2,4985 0,1029 -0,8010 0,8391 -2,8942 

88 1,2581 2,4970 0,1026 -0,8015 0,8397 -2,8959 

89 1,2615 2,4955 0,1023 -0,8020 0,8402 -2,8975 

90 1,2647 2,4940 0,1021 -0,8025 0,8407 -2,8991 

91 1,2680 2,4925 0,1018 -0,8029 0,8412 -2,9007 

92 1,2711 2,4910 0,1016 -0,8033 0,8418 -2,9022 

93 1,2742 2,4895 0,1014 -0,8038 0,8423 -2,9036 

94 1,2772 2,4880 0,1011 -0,8042 0,8428 -2,9050 

95 1,2802 2,4866 0,1009 -0,8046 0,8433 -2,9063 

96 1,2831 2,4851 0,1007 -0,8050 0,8438 -2,9076 

97 1,2860 2,4836 0,1004 -0,8054 0,8442 -2,9088 

98 1,2888 2,4821 0,1002 -0,8058 0,8447 -2,9100 
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99 1,2916 2,4806 0,1000 -0,8061 0,8452 -2,9112 

100 1,2943 2,4791 0,0997 -0,8065 0,8457 -2,9123 

 

      γ=10       

Horizon Equity Nominal Bonds Commodities Hedge Funds NAREITs T-bills 

1 0,5212 -1,4548 0,1723 -0,5391 0,3630 1,9374 

2 0,4792 -1,2759 0,1699 -0,5310 0,3648 1,7930 

3 0,4052 -1,0311 0,1607 -0,5126 0,3725 1,6053 

4 0,3207 -0,7582 0,1487 -0,4895 0,3831 1,3952 

5 0,2413 -0,4862 0,1369 -0,4657 0,3937 1,1800 

6 0,1750 -0,2320 0,1267 -0,4437 0,4028 0,9712 

7 0,1244 -0,0030 0,1185 -0,4246 0,4098 0,7748 

8 0,0891 0,1992 0,1122 -0,4086 0,4148 0,5933 

9 0,0669 0,3758 0,1075 -0,3954 0,4179 0,4273 

10 0,0556 0,5294 0,1041 -0,3848 0,4195 0,2762 

11 0,0530 0,6629 0,1015 -0,3762 0,4200 0,1389 

12 0,0570 0,7790 0,0996 -0,3695 0,4198 0,0142 

13 0,0661 0,8802 0,0981 -0,3642 0,4189 -0,0991 

14 0,0790 0,9685 0,0969 -0,3601 0,4178 -0,2021 

15 0,0947 1,0459 0,0959 -0,3570 0,4164 -0,2958 

16 0,1122 1,1138 0,0950 -0,3547 0,4149 -0,3813 

17 0,1311 1,1736 0,0942 -0,3531 0,4135 -0,4592 

18 0,1507 1,2263 0,0934 -0,3520 0,4120 -0,5304 

19 0,1707 1,2729 0,0927 -0,3514 0,4106 -0,5956 

20 0,1908 1,3142 0,0919 -0,3511 0,4093 -0,6552 

21 0,2108 1,3509 0,0911 -0,3511 0,4081 -0,7099 

22 0,2305 1,3835 0,0904 -0,3514 0,4071 -0,7601 

23 0,2498 1,4125 0,0896 -0,3519 0,4061 -0,8061 

24 0,2686 1,4385 0,0888 -0,3526 0,4053 -0,8485 

25 0,2867 1,4616 0,0880 -0,3533 0,4046 -0,8876 

26 0,3043 1,4823 0,0872 -0,3542 0,4040 -0,9235 

27 0,3211 1,5009 0,0864 -0,3552 0,4034 -0,9567 

28 0,3373 1,5175 0,0856 -0,3562 0,4030 -0,9873 

29 0,3529 1,5325 0,0849 -0,3573 0,4027 -1,0156 

30 0,3677 1,5459 0,0841 -0,3584 0,4025 -1,0418 

31 0,3819 1,5580 0,0834 -0,3596 0,4023 -1,0660 

32 0,3954 1,5689 0,0827 -0,3607 0,4022 -1,0885 

33 0,4083 1,5787 0,0820 -0,3619 0,4021 -1,1093 

34 0,4206 1,5876 0,0813 -0,3630 0,4022 -1,1287 

35 0,4323 1,5956 0,0807 -0,3642 0,4022 -1,1466 

36 0,4434 1,6028 0,0801 -0,3653 0,4023 -1,1634 

37 0,4540 1,6093 0,0795 -0,3664 0,4025 -1,1789 

38 0,4641 1,6152 0,0789 -0,3675 0,4027 -1,1934 

39 0,4737 1,6206 0,0784 -0,3686 0,4029 -1,2070 

40 0,4829 1,6254 0,0779 -0,3697 0,4031 -1,2196 
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41 0,4916 1,6298 0,0773 -0,3707 0,4034 -1,2314 

42 0,4999 1,6337 0,0769 -0,3717 0,4037 -1,2425 

43 0,5078 1,6373 0,0764 -0,3727 0,4040 -1,2528 

44 0,5153 1,6405 0,0760 -0,3736 0,4043 -1,2625 

45 0,5225 1,6434 0,0756 -0,3746 0,4047 -1,2716 

46 0,5294 1,6460 0,0752 -0,3755 0,4050 -1,2801 

47 0,5359 1,6484 0,0748 -0,3764 0,4054 -1,2881 

48 0,5422 1,6505 0,0744 -0,3772 0,4058 -1,2956 

49 0,5482 1,6524 0,0741 -0,3781 0,4061 -1,3027 

50 0,5539 1,6541 0,0737 -0,3789 0,4065 -1,3094 

51 0,5594 1,6556 0,0734 -0,3796 0,4069 -1,3157 

52 0,5646 1,6570 0,0731 -0,3804 0,4073 -1,3216 

53 0,5697 1,6582 0,0728 -0,3811 0,4077 -1,3272 

54 0,5745 1,6592 0,0726 -0,3818 0,4081 -1,3325 

55 0,5792 1,6602 0,0723 -0,3825 0,4085 -1,3375 

56 0,5836 1,6610 0,0721 -0,3832 0,4088 -1,3423 

57 0,5879 1,6617 0,0718 -0,3839 0,4092 -1,3468 

58 0,5920 1,6623 0,0716 -0,3845 0,4096 -1,3510 

59 0,5960 1,6628 0,0714 -0,3851 0,4100 -1,3551 

60 0,5999 1,6632 0,0711 -0,3857 0,4104 -1,3589 

61 0,6036 1,6636 0,0709 -0,3863 0,4108 -1,3625 

62 0,6071 1,6638 0,0707 -0,3868 0,4111 -1,3660 

63 0,6106 1,6641 0,0705 -0,3874 0,4115 -1,3693 

64 0,6139 1,6642 0,0703 -0,3879 0,4119 -1,3725 

65 0,6171 1,6643 0,0702 -0,3884 0,4123 -1,3754 

66 0,6203 1,6643 0,0700 -0,3889 0,4126 -1,3783 

67 0,6233 1,6643 0,0698 -0,3894 0,4130 -1,3810 

68 0,6262 1,6643 0,0697 -0,3899 0,4133 -1,3836 

69 0,6291 1,6642 0,0695 -0,3903 0,4137 -1,3861 

70 0,6318 1,6640 0,0693 -0,3907 0,4140 -1,3885 

71 0,6345 1,6639 0,0692 -0,3912 0,4144 -1,3908 

72 0,6371 1,6637 0,0691 -0,3916 0,4147 -1,3929 

73 0,6396 1,6634 0,0689 -0,3920 0,4150 -1,3950 

74 0,6421 1,6632 0,0688 -0,3924 0,4154 -1,3970 

75 0,6445 1,6629 0,0686 -0,3928 0,4157 -1,3989 

76 0,6468 1,6626 0,0685 -0,3932 0,4160 -1,4008 

77 0,6491 1,6623 0,0684 -0,3935 0,4163 -1,4025 

78 0,6513 1,6619 0,0683 -0,3939 0,4167 -1,4042 

79 0,6534 1,6616 0,0681 -0,3942 0,4170 -1,4059 

80 0,6555 1,6612 0,0680 -0,3946 0,4173 -1,4074 

81 0,6576 1,6608 0,0679 -0,3949 0,4176 -1,4090 

82 0,6596 1,6604 0,0678 -0,3952 0,4179 -1,4104 

83 0,6615 1,6600 0,0677 -0,3955 0,4182 -1,4118 

84 0,6635 1,6595 0,0675 -0,3958 0,4184 -1,4132 

85 0,6653 1,6591 0,0674 -0,3961 0,4187 -1,4145 
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86 0,6672 1,6586 0,0673 -0,3964 0,4190 -1,4157 

87 0,6689 1,6582 0,0672 -0,3967 0,4193 -1,4169 

88 0,6707 1,6577 0,0671 -0,3970 0,4196 -1,4181 

89 0,6724 1,6573 0,0670 -0,3972 0,4198 -1,4193 

90 0,6741 1,6568 0,0669 -0,3975 0,4201 -1,4203 

91 0,6757 1,6563 0,0668 -0,3978 0,4204 -1,4214 

92 0,6773 1,6558 0,0667 -0,3980 0,4206 -1,4224 

93 0,6789 1,6553 0,0666 -0,3983 0,4209 -1,4234 

94 0,6804 1,6548 0,0665 -0,3985 0,4211 -1,4244 

95 0,6820 1,6543 0,0664 -0,3987 0,4214 -1,4253 

96 0,6834 1,6538 0,0663 -0,3990 0,4216 -1,4262 

97 0,6849 1,6533 0,0662 -0,3992 0,4218 -1,4271 

98 0,6863 1,6528 0,0662 -0,3994 0,4221 -1,4279 

99 0,6877 1,6523 0,0661 -0,3996 0,4223 -1,4288 

100 0,6891 1,6518 0,0660 -0,3998 0,4225 -1,4296 

 

 

4b. Wage inflation asset allocation 

      γ=2       

Horizon Equity Nominal Bonds Commodities Hedge Funds NAREITs T-bills 

1 2,6956 -7,5953 0,7246 -2,7123 1,7800 6,1073 

2 2,5537 -6,9212 0,7181 -2,6839 1,7736 5,5597 

3 2,2521 -5,9341 0,6780 -2,6061 1,7989 4,8112 

4 1,8883 -4,8026 0,6237 -2,5038 1,8411 3,9533 

5 1,5351 -3,6592 0,5689 -2,3965 1,8870 3,0647 

6 1,2322 -2,5837 0,5204 -2,2961 1,9288 2,1983 

7 0,9942 -1,6126 0,4806 -2,2077 1,9629 1,3826 

8 0,8204 -0,7557 0,4493 -2,1327 1,9887 0,6300 

9 0,7037 -0,0086 0,4251 -2,0705 2,0068 -0,0566 

10 0,6345 0,6392 0,4066 -2,0196 2,0187 -0,6794 

11 0,6034 1,1998 0,3924 -1,9784 2,0257 -1,2430 

12 0,6022 1,6851 0,3813 -1,9452 2,0291 -1,7525 

13 0,6239 2,1058 0,3724 -1,9188 2,0299 -2,2133 

14 0,6629 2,4713 0,3651 -1,8979 2,0290 -2,6304 

15 0,7147 2,7895 0,3588 -1,8816 2,0269 -3,0083 

16 0,7757 3,0673 0,3532 -1,8691 2,0241 -3,3513 

17 0,8431 3,3103 0,3481 -1,8597 2,0211 -3,6629 

18 0,9147 3,5234 0,3433 -1,8529 2,0179 -3,9464 

19 0,9888 3,7106 0,3387 -1,8482 2,0148 -4,2046 

20 1,0641 3,8753 0,3341 -1,8452 2,0119 -4,4403 

21 1,1397 4,0206 0,3297 -1,8437 2,0093 -4,6555 
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22 1,2146 4,1488 0,3253 -1,8435 2,0070 -4,8522 

23 1,2883 4,2622 0,3209 -1,8442 2,0051 -5,0324 

24 1,3605 4,3626 0,3166 -1,8457 2,0035 -5,1975 

25 1,4307 4,4516 0,3124 -1,8479 2,0023 -5,3490 

26 1,4987 4,5305 0,3082 -1,8507 2,0015 -5,4882 

27 1,5645 4,6006 0,3040 -1,8538 2,0009 -5,6161 

28 1,6278 4,6628 0,3000 -1,8574 2,0007 -5,7339 

29 1,6887 4,7181 0,2960 -1,8611 2,0007 -5,8424 

30 1,7471 4,7672 0,2921 -1,8651 2,0010 -5,9424 

31 1,8031 4,8109 0,2884 -1,8692 2,0016 -6,0347 

32 1,8567 4,8497 0,2847 -1,8735 2,0024 -6,1200 

33 1,9080 4,8841 0,2812 -1,8778 2,0033 -6,1988 

34 1,9570 4,9147 0,2777 -1,8821 2,0045 -6,2718 

35 2,0038 4,9418 0,2744 -1,8864 2,0058 -6,3394 

36 2,0485 4,9659 0,2712 -1,8907 2,0072 -6,4021 

37 2,0912 4,9871 0,2681 -1,8950 2,0088 -6,4602 

38 2,1320 5,0059 0,2651 -1,8993 2,0104 -6,5142 

39 2,1710 5,0224 0,2623 -1,9034 2,0122 -6,5644 

40 2,2082 5,0369 0,2595 -1,9075 2,0140 -6,6112 

41 2,2438 5,0496 0,2569 -1,9115 2,0159 -6,6546 

42 2,2778 5,0606 0,2544 -1,9155 2,0179 -6,6952 

43 2,3104 5,0701 0,2519 -1,9193 2,0199 -6,7330 

44 2,3415 5,0783 0,2496 -1,9231 2,0219 -6,7683 

45 2,3713 5,0853 0,2473 -1,9267 2,0240 -6,8012 

46 2,3999 5,0912 0,2452 -1,9303 2,0261 -6,8320 

47 2,4272 5,0961 0,2431 -1,9338 2,0282 -6,8609 

48 2,4535 5,1001 0,2411 -1,9372 2,0304 -6,8879 

49 2,4787 5,1032 0,2392 -1,9404 2,0325 -6,9132 

50 2,5030 5,1056 0,2373 -1,9436 2,0346 -6,9369 

51 2,5263 5,1073 0,2355 -1,9467 2,0368 -6,9592 

52 2,5487 5,1084 0,2338 -1,9497 2,0389 -6,9801 

53 2,5702 5,1090 0,2322 -1,9526 2,0410 -6,9998 

54 2,5910 5,1090 0,2306 -1,9555 2,0431 -7,0183 

55 2,6111 5,1085 0,2290 -1,9582 2,0452 -7,0357 

56 2,6304 5,1076 0,2275 -1,9609 2,0473 -7,0521 

57 2,6491 5,1064 0,2261 -1,9634 2,0494 -7,0675 

58 2,6672 5,1048 0,2247 -1,9659 2,0514 -7,0821 

59 2,6846 5,1028 0,2233 -1,9684 2,0534 -7,0958 

60 2,7015 5,1006 0,2220 -1,9707 2,0555 -7,1088 

61 2,7179 5,0981 0,2207 -1,9730 2,0574 -7,1211 

62 2,7337 5,0953 0,2195 -1,9752 2,0594 -7,1327 

63 2,7491 5,0924 0,2183 -1,9774 2,0613 -7,1437 

64 2,7640 5,0892 0,2171 -1,9795 2,0633 -7,1541 

65 2,7785 5,0858 0,2160 -1,9815 2,0652 -7,1640 

66 2,7926 5,0823 0,2149 -1,9835 2,0670 -7,1733 
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67 2,8063 5,0787 0,2138 -1,9854 2,0689 -7,1822 

68 2,8196 5,0749 0,2127 -1,9872 2,0707 -7,1906 

69 2,8325 5,0710 0,2117 -1,9890 2,0725 -7,1986 

70 2,8451 5,0670 0,2107 -1,9908 2,0743 -7,2062 

71 2,8574 5,0629 0,2097 -1,9925 2,0760 -7,2135 

72 2,8694 5,0587 0,2087 -1,9941 2,0777 -7,2203 

73 2,8811 5,0544 0,2078 -1,9958 2,0794 -7,2269 

74 2,8924 5,0501 0,2068 -1,9973 2,0811 -7,2331 

75 2,9036 5,0457 0,2059 -1,9988 2,0828 -7,2391 

76 2,9144 5,0412 0,2050 -2,0003 2,0844 -7,2447 

77 2,9250 5,0367 0,2041 -2,0018 2,0860 -7,2501 

78 2,9354 5,0322 0,2033 -2,0032 2,0876 -7,2553 

79 2,9455 5,0276 0,2024 -2,0045 2,0892 -7,2602 

80 2,9554 5,0230 0,2016 -2,0059 2,0907 -7,2649 

81 2,9651 5,0184 0,2008 -2,0072 2,0922 -7,2694 

82 2,9746 5,0138 0,2000 -2,0084 2,0937 -7,2737 

83 2,9839 5,0092 0,1992 -2,0097 2,0952 -7,2778 

84 2,9930 5,0045 0,1984 -2,0109 2,0967 -7,2817 

85 3,0019 4,9999 0,1977 -2,0120 2,0981 -7,2855 

86 3,0107 4,9952 0,1969 -2,0132 2,0995 -7,2891 

87 3,0192 4,9906 0,1962 -2,0143 2,1009 -7,2926 

88 3,0276 4,9859 0,1954 -2,0154 2,1023 -7,2959 

89 3,0359 4,9813 0,1947 -2,0165 2,1036 -7,2991 

90 3,0439 4,9767 0,1940 -2,0175 2,1050 -7,3021 

91 3,0519 4,9721 0,1933 -2,0185 2,1063 -7,3050 

92 3,0597 4,9675 0,1926 -2,0195 2,1076 -7,3078 

93 3,0673 4,9629 0,1919 -2,0205 2,1089 -7,3105 

94 3,0748 4,9583 0,1913 -2,0214 2,1101 -7,3131 

95 3,0822 4,9537 0,1906 -2,0223 2,1114 -7,3156 

96 3,0895 4,9492 0,1899 -2,0232 2,1126 -7,3180 

97 3,0966 4,9447 0,1893 -2,0241 2,1138 -7,3203 

98 3,1036 4,9402 0,1886 -2,0250 2,1150 -7,3225 

99 3,1105 4,9357 0,1880 -2,0258 2,1162 -7,3246 

100 3,1172 4,9313 0,1874 -2,0266 2,1174 -7,3266 

 

      γ=5       

Horizon Equity Nominal Bonds Commodities Hedge Funds NAREITs T-bills 

1 1,0474 -2,9875 0,2906 -1,0811 0,7203 3,0104 

2 0,9822 -2,6863 0,2874 -1,0679 0,7201 2,7645 

3 0,8535 -2,2581 0,2707 -1,0348 0,7323 2,4365 

4 0,7016 -1,7731 0,2484 -0,9921 0,7506 2,0645 

5 0,5561 -1,2857 0,2261 -0,9477 0,7699 1,6813 

6 0,4329 -0,8284 0,2065 -0,9063 0,7870 1,3084 

7 0,3375 -0,4159 0,1906 -0,8701 0,8006 0,9574 
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8 0,2692 -0,0518 0,1782 -0,8396 0,8105 0,6334 

9 0,2250 0,2659 0,1687 -0,8143 0,8172 0,3375 

10 0,2006 0,5418 0,1615 -0,7938 0,8213 0,0686 

11 0,1920 0,7809 0,1561 -0,7772 0,8234 -0,1751 

12 0,1957 0,9882 0,1519 -0,7639 0,8239 -0,3959 

13 0,2089 1,1684 0,1486 -0,7534 0,8235 -0,5959 

14 0,2292 1,3252 0,1458 -0,7452 0,8223 -0,7773 

15 0,2545 1,4620 0,1435 -0,7389 0,8207 -0,9419 

16 0,2835 1,5817 0,1415 -0,7341 0,8189 -1,0915 

17 0,3151 1,6866 0,1396 -0,7305 0,8170 -1,2277 

18 0,3482 1,7788 0,1378 -0,7281 0,8151 -1,3518 

19 0,3821 1,8599 0,1360 -0,7264 0,8133 -1,4650 

20 0,4164 1,9315 0,1343 -0,7255 0,8117 -1,5684 

21 0,4506 1,9948 0,1326 -0,7252 0,8101 -1,6629 

22 0,4844 2,0508 0,1309 -0,7254 0,8088 -1,7495 

23 0,5175 2,1004 0,1292 -0,7259 0,8076 -1,8289 

24 0,5498 2,1445 0,1275 -0,7268 0,8066 -1,9017 

25 0,5812 2,1837 0,1258 -0,7279 0,8058 -1,9685 

26 0,6115 2,2185 0,1242 -0,7293 0,8052 -2,0300 

27 0,6407 2,2495 0,1225 -0,7308 0,8047 -2,0866 

28 0,6688 2,2771 0,1209 -0,7325 0,8043 -2,1387 

29 0,6958 2,3018 0,1194 -0,7342 0,8041 -2,1868 

30 0,7216 2,3238 0,1178 -0,7361 0,8041 -2,2312 

31 0,7463 2,3434 0,1163 -0,7379 0,8041 -2,2722 

32 0,7699 2,3609 0,1149 -0,7398 0,8043 -2,3101 

33 0,7924 2,3766 0,1135 -0,7418 0,8045 -2,3451 

34 0,8139 2,3905 0,1121 -0,7437 0,8048 -2,3776 

35 0,8344 2,4030 0,1108 -0,7456 0,8052 -2,4078 

36 0,8539 2,4141 0,1095 -0,7476 0,8057 -2,4357 

37 0,8726 2,4240 0,1083 -0,7495 0,8063 -2,4617 

38 0,8903 2,4328 0,1071 -0,7513 0,8068 -2,4858 

39 0,9073 2,4407 0,1060 -0,7532 0,8075 -2,5083 

40 0,9235 2,4477 0,1049 -0,7550 0,8082 -2,5292 

41 0,9389 2,4538 0,1039 -0,7567 0,8089 -2,5487 

42 0,9536 2,4593 0,1029 -0,7585 0,8096 -2,5669 

43 0,9677 2,4641 0,1019 -0,7602 0,8104 -2,5839 

44 0,9811 2,4683 0,1010 -0,7618 0,8111 -2,5998 

45 0,9939 2,4720 0,1002 -0,7634 0,8119 -2,6146 

46 1,0062 2,4752 0,0993 -0,7650 0,8128 -2,6285 

47 1,0180 2,4779 0,0985 -0,7665 0,8136 -2,6415 

48 1,0292 2,4803 0,0977 -0,7679 0,8144 -2,6537 

49 1,0400 2,4823 0,0970 -0,7694 0,8153 -2,6652 

50 1,0504 2,4839 0,0963 -0,7708 0,8161 -2,6759 

51 1,0603 2,4853 0,0956 -0,7721 0,8169 -2,6860 

52 1,0698 2,4864 0,0950 -0,7734 0,8178 -2,6955 
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53 1,0790 2,4872 0,0943 -0,7747 0,8186 -2,7045 

54 1,0878 2,4878 0,0937 -0,7759 0,8195 -2,7129 

55 1,0963 2,4882 0,0931 -0,7771 0,8203 -2,7209 

56 1,1045 2,4884 0,0926 -0,7783 0,8211 -2,7284 

57 1,1124 2,4884 0,0920 -0,7794 0,8220 -2,7354 

58 1,1200 2,4883 0,0915 -0,7805 0,8228 -2,7421 

59 1,1274 2,4880 0,0910 -0,7815 0,8236 -2,7485 

60 1,1345 2,4876 0,0905 -0,7825 0,8244 -2,7544 

61 1,1413 2,4870 0,0900 -0,7835 0,8252 -2,7601 

62 1,1480 2,4864 0,0896 -0,7845 0,8260 -2,7655 

63 1,1544 2,4856 0,0891 -0,7854 0,8268 -2,7705 

64 1,1607 2,4848 0,0887 -0,7863 0,8276 -2,7754 

65 1,1667 2,4838 0,0883 -0,7872 0,8283 -2,7799 

66 1,1726 2,4828 0,0879 -0,7880 0,8291 -2,7843 

67 1,1783 2,4817 0,0875 -0,7889 0,8298 -2,7884 

68 1,1838 2,4806 0,0871 -0,7897 0,8306 -2,7924 

69 1,1892 2,4794 0,0867 -0,7904 0,8313 -2,7961 

70 1,1944 2,4781 0,0863 -0,7912 0,8320 -2,7997 

71 1,1995 2,4768 0,0860 -0,7919 0,8327 -2,8031 

72 1,2045 2,4755 0,0856 -0,7927 0,8334 -2,8063 

73 1,2093 2,4741 0,0853 -0,7934 0,8341 -2,8094 

74 1,2140 2,4727 0,0849 -0,7940 0,8348 -2,8124 

75 1,2186 2,4712 0,0846 -0,7947 0,8355 -2,8152 

76 1,2231 2,4697 0,0843 -0,7953 0,8361 -2,8179 

77 1,2275 2,4682 0,0839 -0,7960 0,8368 -2,8204 

78 1,2317 2,4667 0,0836 -0,7966 0,8374 -2,8229 

79 1,2359 2,4651 0,0833 -0,7972 0,8380 -2,8253 

80 1,2400 2,4636 0,0830 -0,7977 0,8387 -2,8275 

81 1,2440 2,4620 0,0827 -0,7983 0,8393 -2,8297 

82 1,2479 2,4604 0,0824 -0,7988 0,8399 -2,8318 

83 1,2517 2,4588 0,0822 -0,7994 0,8405 -2,8338 

84 1,2554 2,4572 0,0819 -0,7999 0,8411 -2,8357 

85 1,2591 2,4556 0,0816 -0,8004 0,8417 -2,8375 

86 1,2626 2,4539 0,0813 -0,8009 0,8422 -2,8393 

87 1,2661 2,4523 0,0811 -0,8014 0,8428 -2,8410 

88 1,2696 2,4507 0,0808 -0,8018 0,8434 -2,8426 

89 1,2730 2,4490 0,0805 -0,8023 0,8439 -2,8441 

90 1,2763 2,4474 0,0803 -0,8028 0,8445 -2,8457 

91 1,2795 2,4458 0,0800 -0,8032 0,8450 -2,8471 

92 1,2827 2,4441 0,0798 -0,8036 0,8455 -2,8485 

93 1,2858 2,4425 0,0795 -0,8040 0,8460 -2,8498 

94 1,2888 2,4409 0,0793 -0,8045 0,8466 -2,8511 

95 1,2919 2,4393 0,0790 -0,8049 0,8471 -2,8524 

96 1,2948 2,4376 0,0788 -0,8052 0,8476 -2,8536 

97 1,2977 2,4360 0,0786 -0,8056 0,8481 -2,8547 
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98 1,3006 2,4344 0,0783 -0,8060 0,8486 -2,8559 

99 1,3034 2,4328 0,0781 -0,8064 0,8490 -2,8569 

100 1,3061 2,4312 0,0779 -0,8067 0,8495 -2,8580 

 

      γ=10       

Horizon Equity Nominal Bonds Commodities Hedge Funds NAREITs T-bills 

1 0,4979 -1,4516 0,1459 -0,5373 0,3670 1,9780 

2 0,4583 -1,2747 0,1438 -0,5292 0,3690 1,8328 

3 0,3873 -1,0328 0,1349 -0,5110 0,3767 1,6449 

4 0,3060 -0,7632 0,1233 -0,4881 0,3871 1,4350 

5 0,2298 -0,4945 0,1118 -0,4647 0,3975 1,2201 

6 0,1664 -0,2433 0,1019 -0,4431 0,4063 1,0117 

7 0,1185 -0,0170 0,0940 -0,4243 0,4131 0,8157 

8 0,0855 0,1828 0,0878 -0,4085 0,4178 0,6346 

9 0,0654 0,3574 0,0833 -0,3956 0,4207 0,4688 

10 0,0559 0,5093 0,0799 -0,3852 0,4222 0,3179 

11 0,0548 0,6412 0,0773 -0,3768 0,4226 0,1808 

12 0,0603 0,7560 0,0754 -0,3702 0,4222 0,0563 

13 0,0706 0,8559 0,0740 -0,3650 0,4213 -0,0568 

14 0,0846 0,9431 0,0728 -0,3610 0,4201 -0,1595 

15 0,1011 1,0195 0,0718 -0,3580 0,4187 -0,2531 

16 0,1195 1,0864 0,0709 -0,3557 0,4172 -0,3383 

17 0,1391 1,1453 0,0700 -0,3542 0,4157 -0,4160 

18 0,1593 1,1972 0,0692 -0,3531 0,4142 -0,4869 

19 0,1799 1,2430 0,0685 -0,3525 0,4129 -0,5517 

20 0,2005 1,2836 0,0677 -0,3523 0,4116 -0,6111 

21 0,2209 1,3195 0,0669 -0,3523 0,4104 -0,6654 

22 0,2410 1,3515 0,0661 -0,3527 0,4094 -0,7153 

23 0,2606 1,3798 0,0653 -0,3532 0,4085 -0,7610 

24 0,2796 1,4051 0,0644 -0,3538 0,4077 -0,8030 

25 0,2980 1,4277 0,0636 -0,3546 0,4070 -0,8417 

26 0,3158 1,4478 0,0628 -0,3555 0,4064 -0,8773 

27 0,3328 1,4658 0,0620 -0,3565 0,4059 -0,9101 

28 0,3492 1,4819 0,0612 -0,3575 0,4056 -0,9404 

29 0,3648 1,4963 0,0605 -0,3586 0,4053 -0,9683 

30 0,3797 1,5093 0,0597 -0,3597 0,4051 -0,9941 

31 0,3940 1,5209 0,0590 -0,3608 0,4050 -1,0180 

32 0,4076 1,5313 0,0583 -0,3620 0,4049 -1,0401 

33 0,4205 1,5407 0,0576 -0,3631 0,4049 -1,0606 

34 0,4328 1,5491 0,0569 -0,3643 0,4050 -1,0796 

35 0,4446 1,5567 0,0562 -0,3654 0,4051 -1,0972 

36 0,4557 1,5635 0,0556 -0,3665 0,4052 -1,1136 

37 0,4664 1,5696 0,0550 -0,3676 0,4054 -1,1288 

38 0,4764 1,5752 0,0545 -0,3687 0,4057 -1,1430 

39 0,4861 1,5801 0,0539 -0,3698 0,4059 -1,1562 
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40 0,4952 1,5846 0,0534 -0,3708 0,4062 -1,1686 

41 0,5039 1,5886 0,0529 -0,3718 0,4065 -1,1801 

42 0,5122 1,5922 0,0524 -0,3728 0,4068 -1,1908 

43 0,5201 1,5954 0,0520 -0,3738 0,4072 -1,2009 

44 0,5276 1,5983 0,0515 -0,3747 0,4075 -1,2103 

45 0,5348 1,6009 0,0511 -0,3756 0,4079 -1,2191 

46 0,5417 1,6032 0,0507 -0,3765 0,4083 -1,2273 

47 0,5482 1,6052 0,0503 -0,3774 0,4087 -1,2351 

48 0,5544 1,6070 0,0500 -0,3782 0,4091 -1,2423 

49 0,5604 1,6086 0,0496 -0,3790 0,4095 -1,2492 

50 0,5661 1,6101 0,0493 -0,3798 0,4099 -1,2556 

51 0,5716 1,6113 0,0490 -0,3806 0,4103 -1,2617 

52 0,5769 1,6124 0,0487 -0,3813 0,4108 -1,2674 

53 0,5819 1,6133 0,0484 -0,3820 0,4112 -1,2727 

54 0,5867 1,6141 0,0481 -0,3827 0,4116 -1,2778 

55 0,5914 1,6148 0,0478 -0,3834 0,4120 -1,2826 

56 0,5958 1,6153 0,0476 -0,3840 0,4124 -1,2871 

57 0,6001 1,6158 0,0474 -0,3847 0,4128 -1,2914 

58 0,6043 1,6161 0,0471 -0,3853 0,4132 -1,2955 

59 0,6083 1,6164 0,0469 -0,3859 0,4137 -1,2993 

60 0,6121 1,6166 0,0467 -0,3865 0,4141 -1,3030 

61 0,6158 1,6167 0,0465 -0,3870 0,4145 -1,3064 

62 0,6194 1,6167 0,0463 -0,3876 0,4149 -1,3097 

63 0,6228 1,6167 0,0461 -0,3881 0,4153 -1,3128 

64 0,6262 1,6166 0,0459 -0,3886 0,4157 -1,3158 

65 0,6294 1,6165 0,0457 -0,3891 0,4160 -1,3186 

66 0,6326 1,6163 0,0455 -0,3896 0,4164 -1,3213 

67 0,6356 1,6161 0,0454 -0,3900 0,4168 -1,3238 

68 0,6386 1,6158 0,0452 -0,3905 0,4172 -1,3263 

69 0,6414 1,6155 0,0450 -0,3909 0,4176 -1,3286 

70 0,6442 1,6152 0,0449 -0,3913 0,4179 -1,3308 

71 0,6469 1,6148 0,0447 -0,3918 0,4183 -1,3330 

72 0,6495 1,6144 0,0446 -0,3922 0,4186 -1,3350 

73 0,6521 1,6140 0,0444 -0,3926 0,4190 -1,3369 

74 0,6546 1,6135 0,0443 -0,3929 0,4193 -1,3388 

75 0,6570 1,6131 0,0441 -0,3933 0,4197 -1,3406 

76 0,6593 1,6126 0,0440 -0,3937 0,4200 -1,3423 

77 0,6616 1,6121 0,0439 -0,3940 0,4204 -1,3439 

78 0,6639 1,6115 0,0438 -0,3944 0,4207 -1,3455 

79 0,6660 1,6110 0,0436 -0,3947 0,4210 -1,3470 

80 0,6682 1,6104 0,0435 -0,3950 0,4213 -1,3484 

81 0,6703 1,6098 0,0434 -0,3953 0,4216 -1,3498 

82 0,6723 1,6093 0,0433 -0,3956 0,4220 -1,3511 

83 0,6743 1,6087 0,0431 -0,3959 0,4223 -1,3524 

84 0,6762 1,6081 0,0430 -0,3962 0,4226 -1,3536 
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85 0,6781 1,6075 0,0429 -0,3965 0,4229 -1,3548 

86 0,6800 1,6068 0,0428 -0,3968 0,4232 -1,3560 

87 0,6818 1,6062 0,0427 -0,3971 0,4234 -1,3571 

88 0,6836 1,6056 0,0426 -0,3973 0,4237 -1,3582 

89 0,6853 1,6050 0,0425 -0,3976 0,4240 -1,3592 

90 0,6870 1,6043 0,0424 -0,3978 0,4243 -1,3602 

91 0,6887 1,6037 0,0423 -0,3981 0,4246 -1,3611 

92 0,6903 1,6030 0,0422 -0,3983 0,4248 -1,3621 

93 0,6919 1,6024 0,0421 -0,3986 0,4251 -1,3629 

94 0,6935 1,6017 0,0420 -0,3988 0,4254 -1,3638 

95 0,6951 1,6011 0,0419 -0,3990 0,4256 -1,3646 

96 0,6966 1,6005 0,0418 -0,3992 0,4259 -1,3655 

97 0,6981 1,5998 0,0417 -0,3995 0,4261 -1,3662 

98 0,6995 1,5991 0,0416 -0,3997 0,4264 -1,3670 

99 0,7010 1,5985 0,0415 -0,3999 0,4266 -1,3677 

100 0,7024 1,5978 0,0414 -0,4001 0,4269 -1,3684 

 

 

 


