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Key	
  point:	
  	
  Individual	
  Social	
  Capital	
  is	
  a	
  form	
  of	
  
Capital	
  
	
  
The	
  individual’s	
  connec(ons	
  and	
  rela(onships.	
  
	
  
Must	
  be	
  built	
  up	
  over	
  (me.	
  
	
  
Can	
  be	
  drawn	
  down,	
  and	
  depreciates	
  away	
  if	
  not	
  
maintained	
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Dynamic	
  model	
  of	
  individual	
  social	
  
capital	
  

U(Ct,Ht,Lt)	
  
	
  
Ct=quan)ty	
  of	
  consump)on	
  goods	
  in	
  period	
  t	
  
Ht=stock	
  of	
  health	
  capital	
  in	
  period	
  t	
  
Lt=hours	
  devoted	
  to	
  leisure	
  in	
  period	
  t	
  
	
  
UC>0;	
  UCC<0;	
  UH>0;	
  UHH<0;	
  UL>0;	
  ULL<0;	
  
UCH=UHC=UCL=ULC=UHL=ULH>0	
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Budget	
  constraint:	
  
wNt=Ct+pIt	
  

w=per	
  hour	
  wage	
  rate	
  
Nt=hours	
  allocated	
  to	
  work	
  
It=quan)ty	
  of	
  purchased	
  	
  health	
  investment	
  goods	
  in	
  
period	
  t	
  
pCt=	
  1	
  
	
  
Time	
  constraint:	
  	
  

Tt=Nt+gt+Lt	
  
Tt=total	
  hours	
  available	
  in	
  period	
  t	
  
gt=)me	
  devoted	
  to	
  investment	
  in	
  social	
  capital	
  in	
  t	
  
Lt=hours	
  devoted	
  to	
  leisure	
  in	
  period	
  t	
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Equa(on	
  of	
  Mo(on	
  for	
  social	
  capital	
  
	
  

St+1=(1-­‐μ)St+α(gt)-­‐vt	
  
	
  
St=stock	
  of	
  social	
  capital	
  in	
  period	
  t	
  
μ=constant	
  rate	
  of	
  per	
  period	
  deprecia)on	
  of	
  social	
  
capital	
  
gt=)me	
  devoted	
  to	
  investment	
  in	
  social	
  capital	
  in	
  t	
  
vt=units	
  of	
  social	
  capital	
  withdraw𝑛	
  from	
  stock	
  of	
  
social	
  capital	
  in	
  period	
  t	
  
α(gt)=produc)on	
  func)on	
  for	
  social	
  capital	
  (αg>0;	
  
αgg<0)	
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Equa(on	
  of	
  mo(on	
  for	
  health	
  capital	
  
Ht+1=h(It,vt)+(1-­‐δ)Ht	
  

	
  
	
  

Ht=stock	
  of	
  health	
  capital	
  in	
  period	
  t	
  
	
  

h(It,vt)=produc)on	
  func)on	
  for	
  health	
  capital	
  (hI>0;	
  
hII<0;	
  hI>0;	
  hv>0;hvv<0;	
  hIV=	
  hvI=0)	
  	
  
	
  
δ=constant	
  rate	
  of	
  per	
  period	
  deprecia)on	
  in	
  health	
  
capital	
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Individual’s	
  problem:	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Choice	
  variables:	
  N,	
  I,	
  C,	
  g,	
  v	
  

Max	
  ℒ =   ∑ 𝛽𝑡𝑈(𝐶𝑡, 𝐻𝑡, 𝐿𝑡) − 𝛽𝑡+1𝜆𝑡+1𝐻𝑇
𝑖=1 [𝐻𝑡+1 − ℎ6𝐼𝑡,𝑣𝑡9 − (1 − 𝛿)𝐻𝑡] − 𝛽𝑡+1𝜆𝑡+1𝑆 [𝑆𝑡+1 −

(1 − 𝜇)𝑆𝑡 − 𝛼(𝑔𝑡) + 𝑣𝑡]	
  

Max	
  ℒ =   ∑ 𝛽𝑡𝑈(𝑤𝑁𝑡 − 𝑝𝐼𝑡 , 𝐻𝑡, 𝑇 − 𝑁𝑡 − 𝑔𝑡) − 𝛽𝑡+1𝜆𝑡+1𝐻𝑇
𝑖=1 [𝐻𝑡+1 − ℎ9𝐼𝑡,𝑣𝑡; − (1 − 𝛿)𝐻𝑡] −

𝛽𝑡+1𝜆𝑡+1𝑆 [𝑆𝑡+1 − (1 − 𝜇)𝑆𝑡 − 𝛼(𝑔𝑡) + 𝑣𝑡]	
  

7	
  



First	
  order	
  condi(on	
  for	
  N:	
  
	
  

LNt	
  	
  =	
  	
  βt	
  	
  [wUCt	
  	
  -­‐	
  	
  ULt]	
  =	
  0	
  	
  
	
  	
  

→	
  [wUCt	
  	
  -­‐	
  	
  ULt]	
  =	
  0	
  	
  	
  
	
  

→	
  wUCt	
  	
  =	
  	
  ULt	
  	
  	
  
	
  
•  standard	
  consump(on-­‐leisure	
  choice	
  result	
  
•  each	
  period	
  be	
  at	
  a	
  point	
  of	
  tangency	
  between	
  a	
  
consump(on/leisure	
  indifference	
  curve	
  and	
  a	
  
budget	
  line	
  in	
  (C,L)	
  space.	
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First	
  order	
  condi(on	
  for	
  I:	
  
 

LIt	
  	
  =	
  -­‐pβt	
  UCt	
  +	
  λHt+1	
  βt+1hIt	
  	
  =	
  0	
  
	
  	
  

→	
  	
  p	
  UCt	
  =	
  λHt+1	
  β	
  hIt	
  	
  	
  
	
  	
  
•  The	
  MC	
  of	
  an	
  addi(onal	
  unit	
  of	
  I,	
  valued	
  in	
  u(lity	
  
terms	
  refers	
  to	
  the	
  consump(on	
  u(lity	
  foregone	
  when	
  
income	
  is	
  spent	
  on	
  I	
  rather	
  than	
  on	
  C.	
  	
  	
  

•  The	
  MB	
  comes	
  from	
  the	
  fact	
  that	
  an	
  addi(onal	
  unit	
  of	
  
It	
  increases	
  H	
  by	
  hIt	
  units,	
  but	
  even	
  though	
  the	
  I	
  is	
  
consumed	
  in	
  period	
  t	
  its	
  effect	
  is	
  not	
  felt	
  un(l	
  t+1.	
  
–  It	
  is	
  converted	
  to	
  u(lity	
  terms	
  by	
  the	
  λHt+1	
  term,	
  where	
  λHt+1	
  
is	
  the	
  addi(onal	
  maximized	
  life(me	
  u(lity	
  derived	
  from	
  
another	
  unit	
  of	
  H	
  received	
  in	
  period	
  t+1	
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Key	
  point	
  here:	
  	
  The LIt	
  	
  condi(on	
  must	
  be	
  
sa(sfied	
  at	
  all	
  t	
  	
  
	
  
	
  λHt+1	
  is	
  the	
  shadow	
  price	
  of	
  H	
  at	
  t+1	
  
	
  
This	
  value	
  changes	
  as	
  (me	
  passes,	
  simply	
  due	
  
to	
  the	
  passage	
  of	
  (me.	
  
	
  
Thus	
  the	
  value	
  of	
  I	
  which	
  sa(sfies	
  this	
  
condi(on	
  will	
  change	
  over	
  (me.	
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The	
  fact	
  that	
  	
  λH	
  changes	
  as	
  (me	
  passes	
  makes	
  
the	
  op(mal	
  value	
  of	
  I	
  change	
  as	
  (me	
  passes.	
  
	
  
This	
  is	
  an	
  inherently	
  dynamic	
  model,	
  tracking	
  
out	
  the	
  individual’s	
  life(me	
  op(mal	
  
trajectories	
  for	
  I,	
  g,	
  v,	
  N,	
  S,	
  H	
  
	
  
Trajectories	
  will	
  also	
  depend	
  on	
  the	
  
individual’s	
  given	
  ini(al	
  values	
  of	
  H	
  and	
  S,	
  and	
  
their	
  op(mal	
  terminal	
  values.	
  



First	
  order	
  condi(on	
  for	
  g:	
  
 

Lgt	
  	
  =	
  	
  -­‐βt	
  ULt	
  	
  +	
  	
  λSt+1	
  βt+1αgt	
  	
  =	
  0	
  
	
  	
  

→	
  	
  ULt	
  	
  =	
  	
  λSt+1	
  β	
  αgt	
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•  Condi(on	
  equates	
  the	
  MC	
  of	
  inves(ng	
  another	
  unit	
  of	
  
(me	
  in	
  accumula(ng	
  private	
  social	
  capital,	
  which	
  is	
  the	
  
u(lity	
  from	
  the	
  leisure	
  (me	
  foregone	
  to	
  do	
  it,	
  with	
  

•  the	
  u(lity	
  benefit	
  of	
  the	
  extra	
  αgt	
  units	
  of	
  social	
  capital	
  
that	
  one	
  addi(onal	
  unit	
  of	
  (me	
  will	
  produce,	
  where	
  the	
  
benefit	
  is	
  converted	
  to	
  u(lity	
  terms	
  by	
  the	
  λSt+1	
  term	
  
and	
  discounted	
  back	
  to	
  period	
  t	
  by	
  the	
  discount	
  factor	
  
β.	
  



First	
  order	
  condi(on	
  for	
  v:	
  
 

Lvt	
  	
  =	
  	
  λHt+1	
  βt+1hvt	
  	
  -­‐	
  	
  λSt+1	
  βt+1	
  =	
  0	
  
	
  	
  

→	
  	
  λHt+1	
  hvt	
  	
  =	
  	
  λSt+1	
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•  Note	
  this	
  condi(on	
  involves	
  the	
  shadow	
  prices	
  of	
  
both	
  S	
  and	
  H	
  

•  says	
  that	
  u(lity	
  value	
  of	
  the	
  extra	
  units	
  of	
  health	
  
produced	
  by	
  drawing	
  down	
  social	
  capital	
  by	
  one	
  
unit,	
  through	
  v,	
  must	
  be	
  =	
  to	
  the	
  value	
  of	
  a	
  unit	
  of	
  
private	
  social	
  capital	
  



Inter-­‐temporal	
  arbitrage	
  condi(ons	
  (must	
  be	
  sa(sfied	
  if	
  the	
  distribu(on	
  of	
  H	
  
over	
  (me	
  periods	
  is	
  to	
  be	
  op(mal):	
  
	
  
LHt	
  	
  =	
  	
  βt	
  UHt	
  +	
  λHt+1	
  βt+1[1	
  –	
  δ]	
  	
  -­‐	
  λHt	
  βt	
  	
  =	
  0	
  
	
  

→	
  	
  λt+1H	
  =	
  	
  λtH/β	
  (1-­‐δ)	
  –	
  Uhtβ	
  (1-­‐δ)	
  	
  	
  
	
  
LSt	
  	
  =	
  	
  λSt+1	
  βt+1(1	
  –	
  μ)	
  	
  -­‐	
  	
  λSt	
  βt	
  	
  =	
  0	
  

→	
  	
  λSt+1	
  =	
  	
  λtSβ	
  (1-­‐μ)	
  
	
  

•  Through	
  the	
  LHt	
  	
  condi(on	
  we	
  know	
  that	
  the	
  value	
  of	
  λHt+1	
  changes	
  as	
  (me	
  
passes-­‐	
  λHt+1	
  tells	
  us	
  the	
  value,	
  in	
  maximized	
  life(me	
  u(lity	
  terms,	
  of	
  being	
  
given	
  another	
  unit	
  of	
  H	
  in	
  period	
  t+1.	
  	
  	
  

•  There	
  will	
  be	
  such	
  a	
  value	
  for	
  each	
  period	
  in	
  the	
  planning	
  horizon,	
  but,	
  for	
  
example,	
  as	
  the	
  planning	
  horizon	
  gets	
  shorter,	
  the	
  value	
  in	
  addi(onal	
  
remaining-­‐life(me	
  u(lity	
  terms	
  of	
  being	
  given	
  another	
  unit	
  of	
  H	
  will	
  
presumably	
  get	
  smaller.	
  	
  

•  	
  Thus	
  as	
  λHt+1	
  changes	
  from	
  period	
  to	
  period,	
  the	
  values	
  in	
  the	
  marginal	
  
benefit	
  /	
  marginal	
  cost	
  	
  expression	
  will	
  also	
  change	
  even	
  if	
  we	
  would	
  get	
  
exactly	
  the	
  same	
  u(lity	
  from	
  another	
  unit	
  of	
  C	
  and	
  another	
  unit	
  of	
  I	
  would	
  
be	
  exactly	
  as	
  produc(ve	
  next	
  period	
  as	
  last	
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We	
  want	
  to	
  eliminate	
  the	
  λ	
  terms,	
  since	
  they	
  

are	
  inherently	
  unobservable,	
  without	
  losing	
  

what	
  they	
  are	
  telling	
  us	
  in	
  these	
  two	
  

condi(ons.	
  	
  	
  
	
  



Now	
  consider	
  the	
  LIt	
  	
  =	
  0	
  expression	
  	
  p	
  UCt	
  =	
  λHt+1	
  β	
  
hIt	
  .	
  	
  	
  
	
  
We	
  can	
  re-­‐write	
  this	
  as	
  	
  	
  
	
  

λHt+1	
  =	
  [p	
  UCt	
  /	
  β	
  hIt]	
  	
  	
  
	
  
Similarly	
  from	
  the	
  Lgt	
  	
  expression	
  ULt	
  	
  =	
  	
  λSt+1	
  β	
  αgt	
  	
  we	
  
have	
  

	
  λSt+1	
  =	
  	
  	
  [ULt	
  /β	
  αgt]	
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Turning	
  	
  to	
  	
  
 
LHt	
  	
  =	
  	
  βt	
  UHt	
  +	
  λHt+1	
  βt+1[1	
  –	
  δ]	
  	
  -­‐	
  	
  	
  	
  λHt	
  βt	
  	
  =	
  0,	
  	
  
	
  
we	
  can	
  replace	
  the	
  λH	
  terms,	
  and	
  cancel	
  some	
  β	
  
terms,	
  giving	
  	
  
	
  
	
  
	
  
	
  

UHt	
  +	
  [p	
  UCt	
  /	
  β	
  hIt]βt+1[1	
  –	
  δ]	
  	
  -­‐	
  	
  	
  [p	
  UCt-­‐1	
  /	
  β	
  hIt-­‐1]=	
  0	
  
	
  



Then	
  combining	
  the	
  equa(ons	
  gives:	
  
	
  
UHt	
  +	
  [p	
  UCt	
  /	
  β	
  hIt]βt+1[1	
  –	
  δ]	
  	
  -­‐	
  	
  	
  [p	
  UCt-­‐1	
  /	
  β	
  hIt-­‐1]=	
  0	
  
	
  
[ULt	
  /β	
  αgt]β[1	
  –	
  μ]	
  	
  -­‐	
  [ULt-­‐1	
  /β	
  αgt-­‐1]=	
  0	
  	
  	
  
	
  
[p	
  UCt	
  /	
  β	
  hIt]hvt	
  -­‐	
  	
  [ULt	
  /β	
  αgt]	
  	
  =	
  	
  0	
  
	
  
Ht+1	
  	
  =	
  	
  h(It,	
  vt)	
  +	
  [1	
  –	
  δ]Ht	
  	
  
	
  
St+1	
  	
  =	
  	
  α(gt)	
  –	
  vt	
  	
  +	
  	
  [1	
  –	
  μ]	
  St	
  
	
  
	
  	
  
•  Giving	
  us	
  5	
  mostly	
  nonlinear	
  equa(ons	
  in	
  five	
  variables	
  which	
  
are,	
  in	
  principle,	
  at	
  least	
  (and	
  unlike	
  the	
  λH	
  and	
  λS	
  terms)	
  
observable.	
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A	
  point	
  about	
  the	
  dynamics	
  
•  When	
  we	
  set	
  up	
  a	
  discrete	
  (me	
  model,	
  we	
  have	
  to	
  make	
  
assump(ons	
  about	
  lags	
  in	
  the	
  health	
  produc(on	
  func(on	
  -­‐	
  
we	
  chose	
  to	
  have	
  I	
  etc.	
  in	
  period	
  t	
  affect	
  H	
  in	
  t+1.	
  	
  	
  

•  This	
  affects	
  the	
  appearance	
  of	
  the	
  nonlinear	
  difference	
  
equa(ons	
  (the	
  Euler	
  equa(ons	
  -­‐	
  the	
  equa(ons	
  of	
  mo(on	
  
for	
  H	
  and	
  S	
  are	
  inherently	
  linear).	
  	
  	
  

•  Even	
  if	
  we	
  were	
  able	
  to	
  change	
  the	
  (me	
  structure	
  to	
  
change	
  the	
  apparent	
  paqern	
  of	
  lags,	
  and	
  seem	
  to	
  eliminate	
  
them,	
  the	
  fact	
  that	
  the	
  shadow	
  prices	
  change	
  over	
  (me	
  as	
  
a	
  result	
  of	
  the	
  passage	
  of	
  (me	
  means	
  that	
  we	
  are	
  s(ll	
  
looking	
  at	
  a	
  dynamic	
  system.	
  	
  	
  

•  Benefits	
  of	
  future	
  change	
  as	
  future	
  gets	
  closer	
  that	
  puts	
  a	
  
dynamic	
  into	
  everything	
  else.	
  

•  This	
  is	
  because	
  it's	
  a	
  finite	
  horizon	
  model	
  -­‐	
  in	
  an	
  infinite	
  
horizon	
  one	
  things	
  could	
  remain	
  unchanged	
  for	
  a	
  very	
  long	
  
(me	
  if	
  the	
  system	
  was	
  sufficiently	
  close	
  to	
  the	
  equilibrium.	
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Going	
  from	
  theory	
  to	
  prac(ce	
  
•  Have	
  5	
  non-­‐linear	
  Euler	
  equa(ons.	
  
	
  
•  Assume	
  we	
  then	
  linearize	
  these	
  equa(ons	
  using	
  a	
  
standard	
  approach.	
  

	
  
•  Our	
  next	
  problem,	
  of	
  course,	
  is	
  that	
  S	
  is	
  generally	
  
unobservable	
  but	
  it	
  nevertheless	
  influences	
  the	
  
dynamics	
  of	
  the	
  whole	
  system	
  .	
  

	
  
•  Given	
  that	
  we	
  do	
  observe	
  g,	
  v,	
  H	
  and	
  I	
  is	
  it	
  possible	
  to	
  
capture	
  the	
  dynamics	
  of	
  S	
  through	
  our	
  modelling	
  of	
  
these	
  variables?	
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One	
  possible	
  approach.	
  	
  Since	
  S	
  accumulates	
  

through	
  decisions	
  about	
  g	
  and	
  v,	
  can	
  we	
  

replace	
  unobservable	
  S	
  by	
  distributed	
  lags	
  

of	
  g	
  and	
  v?	
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Consider	
  a	
  linearized	
  system	
  (pick	
  your	
  
preferred	
  method	
  of	
  lineariza(on	
  and	
  assume	
  
it	
  has	
  been	
  done).	
  
	
  
Write	
  the	
  linearized	
  system	
  in	
  matrix	
  form.	
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•  So	
  we	
  need	
  to	
  think	
  about	
  replacing	
  S	
  
	
  
•  Let’s	
  see	
  about	
  rearranging	
  it	
  and	
  wri(ng	
  it	
  as	
  a	
  

func(on	
  of	
  g	
  and	
  v	
  
	
  
•  Since	
  it	
  depends	
  on	
  its	
  own	
  lagged	
  value,	
  it	
  will	
  

ul(mately	
  depend	
  g	
  and	
  v	
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•  Do	
  these	
  manipula(ons	
  	
  
	
  
•  Having	
  found	
  S	
  as	
  a	
  func(on	
  of	
  lagged	
  g	
  and	
  v	
  
we	
  can	
  now	
  subs(tute	
  an	
  expression	
  for	
  
lagged	
  S	
  into	
  g	
  and	
  v	
  equa(ons	
  themselves	
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•  Could	
  produce	
  a	
  corresponding	
  equa(on	
  for	
  vt	
  

•  Note	
  that	
  final	
  es(ma(ng	
  equa(on	
  for	
  gt	
  contains	
  
two	
  lags	
  of	
  gt,	
  two	
  lags	
  of	
  vt,	
  Zt	
  the	
  set	
  of	
  exogenous	
  
variables	
  as	
  well	
  as	
  lags	
  of	
  the	
  variables	
  in	
  Zt.	
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•  A	
  few	
  things	
  to	
  note:	
  
– Can	
  retain	
  structural	
  coefficients	
  for	
  Zt	
  
– Coefficients	
  on	
  other	
  variables	
  are	
  combina(ons	
  of	
  
effects	
  

– Possibility	
  of	
  a	
  more	
  complex	
  error	
  structure	
  that	
  
needs	
  to	
  be	
  tested	
  for	
  

!! = !!!!!!!!! + !!!!!!!!! + !!!"!!!!!!
+!!!"!!!!! + !!!"!! + !!!"!!!!!!
+!!!! − !!!!!!!!! + !!!"!!!!!!
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Conclusion	
  
•  Need	
  to	
  recognize	
  that	
  when	
  we	
  model	
  the	
  impact	
  of	
  
social	
  capital	
  on	
  health	
  we	
  really	
  are	
  modeling	
  a	
  part	
  
of	
  a	
  larger	
  system.	
  

•  Individual	
  social	
  capital	
  may	
  not	
  be	
  observable	
  but	
  its	
  
impact	
  is	
  nevertheless	
  expressed	
  through	
  the	
  
observable	
  parts	
  of	
  the	
  model.	
  

	
  
•  Taking	
  account	
  of	
  the	
  dynamic	
  impact	
  of	
  social	
  capital	
  
appears	
  to	
  necessitate	
  more	
  aqen(on	
  to	
  the	
  
dynamics	
  that	
  drive	
  the	
  variables	
  that	
  we	
  can	
  observe.	
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