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The	
  financial	
  system	
  is	
  extremely	
  complex,	
  and	
  has	
  a	
  lot	
  of	
  moving	
  parts,	
  which	
  differ	
  
both	
  between	
  banking	
  systems,	
  and	
  some=mes	
  within	
  the	
  same	
  system.	
  The	
  results	
  
over	
  =me	
  of	
  the	
  many	
  and	
  various	
  interac=ons	
  between	
  the	
  different	
  elements	
  of	
  
this	
  system	
  make	
  it	
  difficult	
  if	
  not	
  impossible	
  to	
  model	
  correctly.	
  	
  By	
  building	
  a	
  
framework	
  that	
  instead	
  aBempts	
  to	
  accurately	
  reproduce	
  the	
  detailed	
  opera=ons	
  of	
  
progressively	
  more	
  complex	
  banking	
  systems,	
  we	
  hope	
  to	
  be	
  able	
  to	
  isolate	
  and	
  
iden=fy	
  the	
  various	
  contributory	
  behavioural	
  and	
  regulatory	
  factors	
  influencing	
  its	
  
behaviour,	
  as	
  well	
  as	
  providing	
  a	
  valuable	
  educa=onal	
  tool	
  for	
  how	
  banking	
  systems	
  
actually	
  operate.	
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This	
  chart	
  shows	
  the	
  results	
  from	
  a	
  simple	
  2	
  bank	
  system	
  with	
  fixed	
  rate	
  lending,	
  
showing	
  its	
  response	
  to	
  central	
  bank	
  changes	
  of	
  the	
  interest	
  rate.	
  In	
  this	
  example,	
  
where	
  Banks	
  do	
  not	
  change	
  their	
  capital	
  reserve,	
  the	
  influence	
  of	
  interest	
  rate	
  
changes	
  on	
  the	
  money	
  and	
  debt	
  supply	
  is	
  negligible,	
  and	
  we	
  will	
  show	
  why	
  this	
  is	
  
later	
  in	
  the	
  presenta=on.	
  	
  [The	
  small	
  change	
  shown	
  	
  is	
  due	
  to	
  the	
  increase	
  in	
  interest	
  
income,	
  which	
  is	
  classified	
  as	
  capital	
  here.]	
  The	
  main	
  results	
  of	
  the	
  change	
  is	
  a	
  
gradual	
  increase	
  in	
  bank	
  profits	
  as	
  new	
  loans	
  are	
  made,	
  since	
  the	
  interest	
  on	
  the	
  
exis=ng	
  fixed	
  rate	
  loans	
  does	
  not	
  change.	
  This	
  is	
  essen=ally	
  how	
  the	
  US	
  banking	
  
system	
  behaves.	
  However	
  in	
  a	
  banking	
  system	
  such	
  as	
  England	
  where	
  loans	
  are	
  oLen	
  
directly	
  linked	
  to	
  the	
  Bank	
  of	
  England’s	
  interest	
  rate,	
  this	
  change	
  would	
  have	
  
immediate	
  effect,	
  resul=ng	
  in	
  a	
  much	
  sharper	
  response.	
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It	
  was	
  surprisingly	
  difficult	
  to	
  find	
  reference	
  material	
  the	
  provided	
  detail	
  on	
  exactly	
  
how	
  the	
  book	
  keeping	
  for	
  the	
  various	
  banking	
  opera=ons	
  is	
  performed.	
  There	
  does	
  
not	
  appear	
  to	
  be	
  any	
  recent	
  work	
  on	
  this,	
  and	
  although	
  the	
  older	
  19th	
  and	
  early	
  20th	
  
century	
  references	
  are	
  interes=ng,	
  they	
  cannot	
  be	
  relied	
  on	
  to	
  be	
  defini=ve	
  for	
  the	
  
modern	
  banking	
  system	
  whose	
  regulatory	
  framework	
  has	
  changed	
  significantly	
  from	
  
that	
  =me.	
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So	
  we	
  wrote	
  our	
  own.	
  Following	
  the	
  example	
  of	
  Alexander	
  Shand,	
  we	
  aBempted	
  to	
  
isolate	
  and	
  describe	
  in	
  detail	
  the	
  fundamental	
  opera=ons	
  of	
  banking,	
  with	
  worked	
  
examples	
  of	
  our	
  understanding	
  of	
  each	
  opera=on.	
  This	
  document	
  has	
  been	
  reviewed	
  
by	
  senior	
  accoun=ng	
  and	
  commercial	
  bank	
  employees,	
  and	
  we	
  believe	
  it	
  to	
  be	
  
correct	
  –	
  but	
  it	
  also	
  provides	
  a	
  clear	
  and	
  falsifiable	
  point	
  of	
  common	
  reference	
  that	
  
should	
  allow	
  mistakes,	
  or	
  differences	
  in	
  local	
  implementa=on	
  to	
  be	
  iden=fied.	
  

5	
  



Quick	
  review	
  of	
  double	
  entry	
  book	
  keeping	
  -­‐	
  	
  from	
  the	
  computer	
  science	
  perspec=ve	
  
essen=ally	
  a	
  single	
  error	
  correc=on/detec=on	
  mechanism.	
  Using	
  it	
  provides	
  
significant	
  advantages	
  if	
  only	
  from	
  a	
  	
  soLware	
  perspec=ve	
  since	
  it	
  eliminates,	
  or	
  at	
  
least	
  makes	
  very	
  easy	
  to	
  detect,	
  a	
  significant	
  class	
  of	
  soLware	
  errors	
  that	
  would	
  
otherwise	
  be	
  quite	
  nasty	
  to	
  track	
  down.	
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This	
  chart	
  shows	
  how	
  a	
  depositors	
  money	
  is	
  transferred	
  from	
  one	
  bank	
  to	
  another,	
  
using	
  asset	
  money	
  as	
  an	
  intermediary.	
  	
  Reserves	
  at	
  the	
  central	
  bank	
  are	
  an	
  asset	
  
account,	
  customer	
  deposits	
  are	
  a	
  liability.	
  It	
  is	
  not	
  possible	
  to	
  directly	
  transfer	
  liability	
  
deposit	
  money	
  to	
  an	
  asset,	
  -­‐	
  there	
  must	
  be	
  a	
  credit/debit	
  tuple	
  for	
  each	
  opera=on	
  
that	
  operates	
  on	
  two	
  ledgers	
  simultaneously.	
  The	
  reserve	
  requirement	
  in	
  these	
  
examples	
  is	
  2%	
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Consequently	
  transferring	
  money	
  between	
  banks	
  involves	
  3	
  dis=nct	
  book	
  keeping	
  
opera=ons	
  –	
  and	
  the	
  clearing	
  opera=ons	
  used	
  to	
  perform	
  the	
  transfer	
  can	
  vary	
  
between	
  countries.	
  (Target	
  2	
  et.	
  al.)	
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This	
  shows	
  how	
  money/customer	
  deposits	
  are	
  created	
  through	
  lending,	
  and	
  the	
  
corresponding	
  opera=ons	
  on	
  the	
  central	
  bank	
  reserves.	
  Note,	
  contrary	
  to	
  many	
  
economic	
  textbooks,	
  central	
  bank	
  reserves	
  are	
  a	
  percentage	
  of	
  customer	
  deposits	
  
(2%	
  in	
  the	
  Eurozone	
  circa	
  2012),	
  held	
  in	
  asset	
  money.	
  They	
  are	
  not	
  money	
  that	
  is	
  
directly	
  retained	
  form	
  the	
  customer	
  liability	
  deposits.	
  (The	
  what	
  is	
  money	
  problem	
  
again.)	
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Principal	
  is	
  just	
  deducted	
  on	
  both	
  sides	
  –	
  the	
  missing	
  part	
  of	
  the	
  textbook	
  descrip=on	
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Interest	
  repayment	
  is	
  more	
  interes=ng.	
  Interest	
  repayment	
  in	
  and	
  of	
  itself	
  is	
  money	
  
supply	
  neutral,	
  contrary	
  to	
  some	
  claims.	
  This	
  does	
  not	
  necessarily	
  mean	
  that	
  interest	
  
rates	
  have	
  no	
  influence	
  on	
  the	
  long	
  term	
  behaviour	
  of	
  the	
  system,	
  since	
  there	
  may	
  be	
  
second	
  order	
  effects.	
  If	
  higher	
  interest	
  rates	
  increase	
  bank	
  profitability	
  –	
  and	
  this	
  will	
  
depend	
  on	
  the	
  spread	
  between	
  loan	
  interest	
  rates,	
  payments	
  to	
  savers,	
  and	
  
addi=onally	
  the	
  rate	
  of	
  loan	
  default	
  –	
  then	
  banks	
  may	
  be	
  able	
  to	
  increase	
  their	
  capital	
  
reserves	
  more	
  quickly,	
  allowing	
  them	
  to	
  lend	
  more.	
  This	
  mechanism	
  is	
  the	
  exact	
  
reverse	
  of	
  the	
  demand	
  rela=onship,	
  where	
  higher	
  rates	
  may	
  discourage	
  borrowing.	
  
However,	
  only	
  if	
  borrowing	
  demand	
  is	
  sufficiently	
  discouraged	
  that	
  the	
  available	
  
supply	
  is	
  not	
  saturated	
  will	
  this	
  affect	
  the	
  system.	
  Especially	
  in	
  conjunc=on	
  with	
  the	
  
effects	
  of	
  money	
  crea=on	
  from	
  any	
  excess	
  of	
  lending	
  over	
  repayment,	
  and	
  
consequent	
  influence	
  on	
  the	
  price	
  level	
  and	
  also	
  on	
  loan	
  defaults.	
  Taken	
  together,	
  
this	
  suggests	
  that	
  the	
  response	
  of	
  the	
  system	
  over	
  =me	
  to	
  interest	
  rate	
  changes	
  will	
  
be	
  sensi=ve	
  to	
  mul=ple	
  condi=ons.	
  The	
  Icelandic	
  Banking	
  system’s	
  rapid	
  expansion	
  
between	
  2005-­‐7	
  despite	
  interest	
  rate	
  rises	
  to	
  18%	
  supports	
  a	
  direct	
  interest	
  rate/
expansion	
  rela=onship	
  in	
  Basel	
  systems.	
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Loan	
  defaults	
  are	
  usually	
  completely	
  absent	
  from	
  textbook	
  descrip=ons	
  of	
  the	
  
banking	
  system,	
  which	
  is	
  a	
  liBle	
  unfortunate	
  as	
  they	
  are	
  possibly	
  one	
  of	
  the	
  most	
  
cri=cal	
  aspects	
  of	
  its	
  behaviour.	
  Unfortunately	
  for	
  such	
  a	
  cri=cal	
  system,	
  the	
  banking	
  
system	
  seems	
  to	
  operate	
  in	
  two	
  zones	
  –	
  one	
  where	
  as	
  defaults	
  can	
  be	
  absorbed	
  with	
  
profits,	
  and	
  any	
  money	
  wriBen	
  off	
  is	
  re-­‐created	
  with	
  the	
  next	
  loan,	
  they	
  have	
  liBle	
  
effect	
  on	
  the	
  larger	
  system	
  besides	
  reducing	
  bank	
  profits.	
  However,	
  if	
  it	
  is	
  not	
  
possible	
  to	
  do	
  this,	
  the	
  system	
  created	
  by	
  these	
  rules	
  quickly	
  implodes	
  because	
  of	
  the	
  
highly	
  leveraged	
  rela=onship	
  between	
  bank	
  capital	
  and	
  bank	
  lending	
  allowances.	
  This	
  
is	
  best	
  viewed	
  as	
  a	
  mathema=cal	
  consequences	
  of	
  these	
  rules,	
  rather	
  than	
  having	
  any	
  
par=cular	
  economic	
  significance,	
  even	
  thought	
  the	
  real	
  world	
  effects	
  can	
  be	
  
catastrophic	
  for	
  the	
  monetary	
  system.	
  In	
  this	
  respect,	
  capital	
  regula=on	
  appears	
  to	
  
have	
  exactly	
  	
  the	
  same	
  problems	
  that	
  the	
  older	
  reserve	
  regula=on	
  had,	
  and	
  it	
  
remains	
  an	
  open	
  ques=on	
  as	
  to	
  how	
  much	
  protec=on	
  the	
  higher	
  capital	
  levels	
  
required	
  for	
  Basel	
  3	
  will	
  provide.	
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A	
  cri=cal	
  design	
  problem	
  is	
  how	
  to	
  arrange	
  flows	
  of	
  money	
  within	
  the	
  simula=on	
  that	
  
exercise	
  the	
  debt	
  repayment	
  rela=onships.	
  We	
  do	
  this	
  by	
  paying	
  a	
  salary	
  each	
  round	
  
to	
  the	
  borrower	
  from	
  a	
  designated	
  bank	
  (under	
  the	
  modeler’s	
  control),	
  which	
  allows	
  
the	
  borrower	
  to	
  meet	
  their	
  debt	
  obliga=ons	
  that	
  round,	
  if	
  an	
  only	
  if	
  the	
  bank	
  has	
  
available	
  funds.	
  This	
  allows	
  the	
  inter-­‐bank	
  lending	
  and	
  clearing	
  rela=onships	
  to	
  be	
  
isolated	
  as	
  required,	
  and	
  allows	
  us	
  to	
  answer	
  ques=ons	
  about	
  the	
  results	
  of	
  changes	
  
in	
  the	
  bank’s	
  regulatory	
  mechanisms.	
  It	
  does	
  not	
  allow	
  us	
  of	
  course,	
  to	
  make	
  
predic=ons	
  about	
  what	
  the	
  economic	
  consequences	
  of	
  such	
  changes	
  would	
  be	
  –	
  we	
  
can	
  say	
  that	
  money	
  supply	
  expansion	
  may	
  increase	
  with	
  Icelandic	
  indexed	
  linked	
  
loans,	
  but	
  not	
  how	
  that	
  will	
  affect	
  the	
  Icelandic	
  economy.	
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In	
  prac=ce,	
  this	
  ar=fice	
  is	
  essen=ally	
  short	
  cuhng	
  the	
  actual	
  flows	
  of	
  money	
  within	
  
the	
  larger	
  economy.	
  Our	
  goal	
  at	
  this	
  =me	
  is	
  not	
  economic	
  realism,	
  but	
  to	
  understand	
  
the	
  behaviour	
  of	
  the	
  banking	
  system	
  and	
  the	
  ac=ons	
  of	
  its	
  regulatory	
  mechanisms.	
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In	
  order	
  to	
  create	
  an	
  even	
  distribu=on	
  of	
  lending	
  over	
  =me,	
  each	
  bank	
  is	
  restricted	
  to	
  
making	
  one	
  loan/step.	
  This	
  can	
  be	
  relaxed	
  for	
  larger	
  simula=ons.	
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Example	
  of	
  complete	
  display.	
  Double	
  entry	
  book	
  keeping	
  transac=ons	
  on	
  each	
  ledger	
  
can	
  be	
  individually	
  displayed,	
  and	
  other	
  graphs	
  (e.g.	
  reserve	
  levels	
  can	
  also	
  be	
  
displayed	
  as	
  required.)	
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Simula=on:	
  singleloantest.csv	
  [470]	
  
	
  
Interes=ngly,	
  part	
  of	
  this	
  is	
  a	
  known	
  problem.	
  Keynes	
  talks	
  about	
  this	
  in	
  the	
  
Macmillan	
  report	
  immediately	
  aLer	
  the	
  deposit	
  expansion	
  example,	
  explaining	
  that	
  
because	
  of	
  the	
  need	
  to	
  provide	
  loan	
  principal	
  from	
  asset	
  money	
  for	
  money	
  that	
  is	
  
transferred	
  to	
  another	
  bank,	
  this	
  will	
  act	
  to	
  regulate	
  bank’s	
  lending.	
  However,	
  while	
  
that	
  is	
  a	
  correct	
  descrip=on	
  of	
  the	
  short	
  term	
  rela=onship,	
  the	
  long	
  term	
  rela=onship	
  
is	
  exactly	
  the	
  opposite,	
  the	
  asymmetric	
  flow	
  of	
  interest	
  back	
  to	
  the	
  loan	
  origina=ng	
  
bank	
  will	
  starve	
  the	
  other	
  bank	
  of	
  asset	
  money.	
  This	
  effect	
  could	
  be	
  expected	
  to	
  be	
  
accentuated	
  by	
  inter-­‐bank	
  lending,	
  and	
  be	
  directly	
  linked	
  to	
  interest	
  rates.	
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Note:	
  this	
  issue	
  must	
  be	
  presumed	
  to	
  also	
  be	
  occurring	
  in	
  the	
  ter=ary	
  structure	
  of	
  the	
  
Eurozone	
  between	
  countries.	
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Threadneedle	
  has	
  a	
  full	
  implementa=on	
  of	
  the	
  Basel	
  risk	
  weigh=ng	
  model,	
  and	
  
different	
  percentages	
  can	
  be	
  set	
  on	
  each	
  type	
  of	
  loan	
  if	
  desired.	
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Simula=on:	
  ecb_basel_1.csv	
  
	
  
Somewhat	
  ironically,	
  it	
  appears	
  that	
  the	
  basel	
  capital	
  controls	
  could	
  work	
  as	
  a	
  more	
  
effec=ve	
  control	
  on	
  system	
  wide	
  lending	
  and	
  borrowing	
  than	
  the	
  old	
  style	
  central	
  
bank	
  reserve	
  controls,	
  if	
  the	
  banks	
  were	
  not	
  allowed	
  to	
  arbitrarily	
  increase	
  their	
  
capital	
  holdings,	
  or	
  have	
  0%	
  weigh=ng	
  categories.	
  However,	
  since	
  they	
  are,	
  and	
  since	
  
most	
  countries	
  no	
  longer	
  have	
  central	
  bank	
  reserve	
  requirements	
  on	
  all	
  liability	
  
deposits	
  (not	
  that	
  this	
  worked	
  when	
  they	
  did),	
  the	
  only	
  constraint	
  on	
  the	
  lending	
  
(and	
  consequent	
  money	
  crea=on)	
  of	
  modern	
  banking	
  systems	
  appears	
  to	
  be	
  the	
  rate	
  
at	
  which	
  banks	
  can	
  increase	
  their	
  capital	
  holdings.	
  This	
  approach	
  to	
  regula=on	
  would	
  
also	
  require	
  a	
  mechanism	
  to	
  control	
  capital	
  holdings	
  across	
  the	
  en=re	
  banking	
  
system,	
  rather	
  than	
  individual	
  banks.	
  Nb.	
  We	
  have	
  not	
  yet	
  examined	
  if	
  or	
  how	
  such	
  a	
  
regulatory	
  mechanism	
  could	
  be	
  circumvented,	
  but	
  it	
  should	
  be	
  noted	
  there	
  have	
  
been	
  signficant	
  issues	
  with	
  exis=ng	
  mechanism	
  ref:	
  Hybrid	
  capital.	
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Simula=on:	
  icelandic.csv	
  With	
  0.02%of	
  profits	
  	
  annual	
  capital	
  increase.	
  	
  
	
  
This	
  simula=on	
  demonstrates	
  a	
  local	
  peculiarity	
  in	
  Iceland,	
  by	
  showing	
  the	
  results	
  
from	
  two	
  banks,	
  each	
  with	
  iden=cal	
  star=ng	
  condi=ons,	
  one	
  bank	
  is	
  making	
  fixed	
  rate	
  
compound	
  interest	
  loans,	
  and	
  the	
  other	
  is	
  making	
  Icelandic	
  indexed	
  linked	
  loans.	
  
Both	
  banks	
  are	
  allowed	
  to	
  increase	
  their	
  capital	
  as	
  a	
  fixed	
  percentage	
  of	
  their	
  profits	
  
every	
  12	
  steps.	
  The	
  simula=on	
  shows	
  that	
  the	
  Icelandic	
  bank	
  expands	
  faster	
  due	
  to	
  a	
  
posi=ve	
  feedback	
  loop	
  within	
  the	
  banking	
  system	
  created	
  by	
  the	
  indexed	
  linked	
  
loans.	
  This	
  demonstrates	
  that	
  differences	
  inherent	
  in	
  the	
  micro-­‐structure	
  of	
  
individual	
  country’s	
  banking	
  systems	
  can	
  have	
  macro-­‐economic	
  influence,	
  in	
  this	
  case	
  
on	
  the	
  money	
  and	
  credit	
  supply	
  for	
  Iceland.	
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