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Background	
  
•  Research	
  paper	
  “Examining	
  Distribu/onal	
  
Assump/ons	
  of	
  Livestock	
  Gross	
  Margin	
  for	
  Dairy	
  
Ca>le.”	
  NCCC-­‐134	
  Applied	
  Commodity	
  Price	
  
Analysis,	
  Forecas=ng,	
  and	
  Market	
  Risk	
  
Management	
  Conference,	
  St.	
  Louis,	
  MO	
  April	
  
16-­‐17,	
  2012.	
  

•  Paper	
  will	
  be	
  published	
  on	
  the	
  University	
  of	
  
Illinois	
  FarmDoc	
  website	
  (available	
  early	
  June):	
  
hDp://www.farmdoc.illinois.edu/nccc134/paperarchive.html	
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Summary	
  of	
  Key	
  Features	
  
•  Basket	
  Op=on	
  (Asian	
  style)	
  
•  A	
  custom	
  PUT	
  op=on	
  on	
  gross	
  margin	
  (net	
  price	
  x	
  quan=ty)	
  
•  Strike	
  is	
  the	
  expected	
  contract	
  total	
  (gross)	
  margin	
  

•  Uses	
  futures	
  average	
  prices	
  (through	
  =me)	
  
•  Poraolio	
  (milk,	
  corn,	
  soybean	
  meal	
  prices)	
  

•  Market-­‐based	
  tool	
  
•  Based	
  on	
  futures	
  and	
  op=ons	
  prices	
  
•  Price	
  forecast	
  and	
  price	
  vola=lity	
  (implied)	
  

•  Actuarially	
  fair	
  (condi=onal	
  on	
  assump=ons)	
  

•  Revenue	
  smoothing	
  &	
  safety-­‐net	
  policy	
  tool	
  
•  Reinsured	
  by	
  RMA,	
  includes	
  subsidized	
  premium	
  
•  Catastrophic	
  Risk	
  Insurance	
  



5/12/12	
  

3	
  

LGM-­‐Dairy	
  Ra=ng	
  Method	
  Assump=ons	
  
  Informa=on	
  from	
  futures	
  and	
  op=ons	
  prices	
  can	
  be	
  used	
  to	
  fit	
  the	
  

moments	
  of	
  the	
  milk	
  and	
  feed	
  price	
  distribu=ons,	
  
  Terminal	
  prices	
  are	
  distributed	
  log-­‐normally,	
  
  Rank	
  correla=ons	
  are	
  used	
  to	
  preserve	
  price	
  dependency,	
  
•  Data	
  post	
  2005	
  does	
  not	
  inform	
  the	
  price	
  rela=onships,	
  

  Milk-­‐feed	
  price	
  correla=ons	
  are	
  zero.	
  

We	
  have	
  inves=gated	
  each	
  of	
  these	
  assump=ons	
  
to	
  determine	
  the	
  impact	
  on	
  the	
  structural	
  
performance	
  of	
  LGM-­‐Dairy	
  product.	
  	
  

LGM-­‐Dairy	
  Ra=ng	
  Method	
  Assump=ons	
  
How	
  do	
  these	
  fair?	
  

  Lognormality:	
  a	
  reasonable	
  assump=on	
  
  Relax	
  this	
  assump=on	
  using	
  the	
  Generalized	
  Lambda	
  

Lognormal	
  distribu=on	
  and	
  the	
  Generalized	
  Lambda	
  Flexible	
  
distribu=on	
  with	
  high-­‐frequency	
  futures	
  and	
  op=ons	
  data	
  
•  GLD-­‐Lognormal	
  uses	
  marginal	
  GLD	
  distribu=ons	
  but	
  fixed	
  moments	
  to	
  

match	
  lognormal	
  
•  GLD-­‐Flexible	
  uses	
  marginal	
  GLD	
  with	
  flexible	
  higher	
  moments	
  

es=mated	
  with	
  high-­‐frequency	
  data	
  
  Vola/lity	
  Skew	
  is	
  not	
  reflected	
  in	
  the	
  current	
  RMA	
  ra=ngs	
  

method.	
  
•  Only	
  at-­‐the-­‐money	
  puts	
  and	
  calls	
  are	
  used	
  to	
  es=mate	
  variance	
  of	
  the	
  

terminal	
  prices.	
  	
  
•  The	
  ra=ng	
  methods	
  should	
  reflect	
  higher	
  vola=li=es	
  for	
  price	
  spikes	
  as	
  

shown	
  in	
  this	
  example	
  for	
  corn.	
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Does	
  it	
  maDer	
  if	
  marginal	
  distribu=ons	
  
are	
  in	
  fact	
  not	
  lognormal?	
  

  Vola/lity	
  Skew	
  is	
  not	
  reflected	
  in	
  the	
  current	
  RMA	
  ra=ngs	
  method.	
  
  Only	
  at-­‐the-­‐money	
  puts	
  and	
  calls	
  are	
  used	
  to	
  es=mate	
  variance	
  of	
  the	
  

terminal	
  prices.	
  	
  
  The	
  ra=ng	
  methods	
  should	
  reflect	
  higher	
  vola=li=es	
  for	
  price	
  spikes	
  as	
  

shown	
  in	
  this	
  example	
  for	
  corn.	
  

15%	
  

20%	
  

25%	
  

30%	
  

35%	
  

40%	
  

-­‐0.3	
   -­‐0.1	
   0.1	
   0.3	
  
Log(Strike/Underlying	
  Futures	
  Price)	
  

Implied	
  Vola=lity	
   Example	
  of	
  Vola/lity	
  Skew:	
  
Date:	
  Jun	
  26,	
  2006	
  
Contract:	
  Corn,	
  Dec	
  ’06	
  
Futures	
  Price:	
  	
  $2.49	
  

LGM	
  with	
  flexible	
  marginal	
  distribu=ons	
  
Minimum	
  Feed	
   Maximum	
  Feed	
  

Deduc.ble	
   $0.00	
   $1.10	
   $0.00	
   $1.10	
  

Rank	
   $14,998	
   $7,719	
   $16,439	
   $9,504	
  

GLD-­‐Lognormal	
   $14,936	
   $7,616	
   $16,386	
   $9,454	
  

GLD-­‐Flexible	
   15,156	
   $7,896	
   $16,309	
   $9,404	
  

•  GLD-­‐Lognormal	
  uses	
  marginal	
  GLD	
  distribu=ons	
  but	
  fixed	
  moments	
  
to	
  match	
  lognormal	
  

•  GLD-­‐Flexible	
  uses	
  marginal	
  GLD	
  with	
  flexible	
  higher	
  moments	
  
es=mated	
  with	
  high-­‐frequency	
  data	
  	
  

GLD:	
  Generalized	
  Lambda	
  Distribu=on	
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LGM-­‐Dairy	
  Ra=ng	
  Method	
  Assump=ons	
  
How	
  do	
  these	
  fair?	
  

  Log	
  -­‐	
  normality:	
  a	
  reasonable	
  assump=on	
  
  Relax	
  this	
  assump=on	
  using	
  the	
  Generalized	
  Lambda	
  

Lognormal	
  	
  and	
  GDL	
  Flexible	
  distribu=ons	
  
  Milk-­‐feed	
  price	
  correla=on	
  is	
  zero:	
  

  For	
  the	
  1998-­‐2005	
  =me	
  period,	
  this	
  was	
  a	
  reasonable	
  
assump=on,	
  but	
  not	
  amer	
  2005,	
  

  Milk-­‐feed	
  price	
  rank	
  correla=on	
  is	
  decidedly	
  non-­‐zero,	
  and	
  
exhibits	
  larger	
  correla=ons	
  when	
  post	
  2005	
  data	
  is	
  
incorporated.	
  

  Rank	
  correla=ons:	
  are	
  not	
  suitable	
  to	
  capture	
  the	
  dependency	
  
between	
  milk	
  and	
  feed	
  prices.	
  
  Non-­‐ellip=cal,	
  non-­‐linear,	
  tail	
  dependence	
  present	
  
  Requires	
  the	
  representa=on	
  of	
  a	
  more	
  complex	
  dependence	
  

structure	
  and	
  methods	
  to	
  capture	
  this	
  structure.	
  

Milk	
  and	
  feed	
  futures	
  price	
  deviates	
  do	
  not	
  exhibit	
  zero	
  correla=on.	
  

Spearman’s	
  	
  
rank	
  correla.on	
  

1998-­‐2011	
  

Corn	
  
1st	
  
nearby	
  

2nd	
  
nearby	
  

3rd	
  
nearby	
  

4th	
  
nearby	
  

5th	
  
nearby	
  

M
ilk
	
  

1st	
  nearby	
   0.07 0.11 0.05 0.06 0.08 
2nd	
  nearby	
   0.13 0.21 0.17 0.21 0.17 
3rd	
  nearby	
   0.14 0.23 0.23 0.28 0.24 

8th	
  nearby	
   0.11 0.22 0.26 0.32 0.35 
9th	
  nearby	
   0.10 0.23 0.32 0.34 0.40 
10th	
  nearby	
   0.14 0.21 0.35 0.37 0.45 
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LGM-­‐Dairy	
  Ra=ng	
  Method	
  Assump=ons	
  
How	
  do	
  these	
  fair?	
  

  Log	
  -­‐	
  normality:	
  a	
  reasonable	
  assump=on	
  
  Relax	
  this	
  assump=on	
  using	
  the	
  Generalized	
  Lambda	
  

Lognormal	
  	
  and	
  GDL	
  Flexible	
  distribu=ons	
  
  Milk-­‐feed	
  correla=on	
  is	
  zero:	
  This	
  is	
  not	
  a	
  reasonable	
  assump=on.	
  

  Milk-­‐feed	
  price	
  correla=on	
  is	
  decidedly	
  non-­‐zero,	
  and	
  exhibits	
  
larger	
  correla=ons	
  when	
  post	
  2005	
  data	
  is	
  incorporated.	
  

  Rank	
  correla=ons:	
  do	
  not	
  adequately	
  reflect	
  the	
  dependency	
  
between	
  milk	
  and	
  feed	
  prices,	
  
  Non-­‐ellip=cal,	
  non-­‐linear,	
  tail	
  dependence	
  present	
  
  Requires	
  the	
  representa=on	
  of	
  a	
  more	
  complex	
  dependence	
  

structure	
  and	
  methods	
  to	
  capture	
  this	
  structure.	
  
  Use	
  Rank	
  Correla=on	
  and	
  Empirical	
  Copula	
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0.90	
  

1.00	
  

Co
rn
,	
  5

th
	
  N
ea
rb
y	
  

Class	
  III	
  Milk,	
  10th	
  nearby	
  

Milk-­‐Corn	
  prices	
  exhibit	
  ‘tail	
  dependence’:	
  a	
  non-­‐linear,	
  
non-­‐ellip=cal	
  dependent	
  structure	
  

•  Extremal	
  dependence	
  present	
  in	
  both	
  tails,	
  asymmetric,	
  and	
  
almost	
  no	
  dependence	
  “in	
  the	
  middle”	
  

•  Requires	
  an	
  empirical	
  or	
  data-­‐based	
  ra=ng	
  method	
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Effect	
  of	
  non-­‐linear	
  dependence	
  on	
  LGM	
  premiums	
  

Minimum	
  Feed	
   Maximum	
  Feed	
  

Deduc.ble	
   $0.00	
   $1.10	
   $0.00	
   $1.10	
  

Official	
  RMA	
  
Method	
  

$14,569	
   $7,380	
   $20,350	
   $13,308	
  

Rank	
  
Correla=ons	
  

$14,998	
   $7,719	
   $16,439	
   $9,504	
  

Empirical	
  Copula	
   $15,286	
   $8,219	
   $15,478	
   $8,246	
  
LGM	
  Contract:	
  Insuring	
  16,000	
  hundredweights,	
  spread	
  equally	
  over	
  all	
  10	
  insurable	
  months	
  /	
  	
  Average	
  over	
  all	
  2011	
  contracts	
  

  Increase	
  (3%	
  to	
  11%)	
  LGM	
  premiums	
  to	
  producers	
  using	
  the	
  
insurance	
  product	
  as	
  a	
  Class	
  III	
  PUT	
  (minimum	
  feed)	
  

  Significantly	
  reduce	
  (19%	
  to	
  38%)	
  the	
  premium	
  to	
  producers	
  
incorpora=ng	
  the	
  feed	
  CALL	
  side	
  of	
  the	
  LGM	
  contract.	
  

What	
  is	
  the	
  nature	
  of	
  the	
  ‘risk’	
  in	
  the	
  dairy	
  sector?	
  
Grow	
  feed?	
  LGM	
  as	
  a	
  PUT	
  on	
  Class	
  III	
  price?	
  
Buy	
  feed?	
  LGM	
  as	
  a	
  PUT	
  on	
  IOFC	
  (margin)?	
  

Can	
  LGM-­‐Dairy	
  be	
  used	
  to	
  effec.vely	
  stabilize	
  margins?	
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  Comparison	
  of	
  net	
  indemnity	
  and	
  
premiums	
  by	
  ra=ng	
  method:	
  RMA,	
  
Rank,	
  Data	
  Based,	
  Bundled	
  Op=on.	
  

  Comparison	
  of	
  net	
  revenue	
  
generated	
  by	
  three	
  LGM	
  contracts	
  

Contract	
  1:	
  ‘up-­‐front’:	
  months	
  1,2,3	
  insured	
  	
  
Contract	
  2:	
  ‘middle’:	
  months	
  4,5,6	
  insured	
  	
  

Contract	
  3:	
  ‘looking	
  ahead’:	
  months	
  8,9,10	
  insured	
  
Contract	
  Size	
  24,000	
  cwt.	
  

Payout	
  and	
  premium	
  at	
  $1.10	
  deduc=ble	
  
Premium	
  subsidy	
  at	
  50%	
  
Time	
  period	
  2005	
  -­‐	
  2011	
  

16	
  

24,000	
  cwt	
  per	
  
contract,	
  $1.10	
  
deduc=ble,	
  no-­‐subsidy	
  	
  

Jan	
   Feb	
   M
ar
	
  

A
pr
	
  

M
ay
	
  

Ju
n	
  

Ju
l	
  

A
ug
	
  

Se
p	
  

O
ct
	
  

N
ov
	
  

D
ec
	
  

Purchase	
  
at	
  End	
  of	
  
Month	
  

No	
  
Coverage	
  

1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
   10	
  

Insurance	
  Contract	
  Period	
  

‘Up	
  Front’	
  LGM	
  contract	
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Net	
  Margin	
  with	
  LGM	
  contract:	
  	
  
‘Up	
  Front’	
  2005	
  -­‐	
  2011	
  

24,000	
  cwt	
  per	
  contract,	
  $1.10	
  deduc=ble,	
  50%	
  subsidy.	
  

Jan	
   Feb	
   M
ar
	
  

A
pr
	
  

M
ay
	
  

Ju
n	
  

Ju
l	
  

A
ug
	
  

Se
p	
  

O
ct
	
  

N
ov
	
  

D
ec
	
  

Purchase	
  
at	
  End	
  of	
  
Month	
  

No	
  
Coverage	
  

1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
   10	
  

Insurance	
  Contract	
  Period	
  

‘Middle’	
  LGM	
  contract	
  
24,000	
  cwt	
  per	
  
contract,	
  $1.10	
  
deduc=ble,	
  no-­‐subsidy	
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Net	
  Margin	
  with	
  LGM	
  contract:	
  
‘Middle’	
  2005	
  -­‐	
  2011	
  

24,000	
  cwt	
  per	
  contract,	
  $1.10	
  deduc=ble,	
  50%	
  subsidy.	
  

Jan	
   Feb	
   M
ar
	
  

A
pr
	
  

M
ay
	
  

Ju
n	
  

Ju
l	
  

A
ug
	
  

Se
p	
  

O
ct
	
  

N
ov
	
  

D
ec
	
  

Purchase	
  
at	
  End	
  of	
  
Month	
  

No	
  
Coverage	
  

1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
   10	
  

Insurance	
  Contract	
  Period	
  

‘Looking	
  Ahead’	
  LGM	
  
contract	
  
24,000	
  cwt	
  per	
  
contract,	
  $1.10	
  
deduc=ble,	
  no-­‐subsidy	
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Net	
  Margin	
  with	
  LGM	
  contract:	
  
‘Looking	
  Ahead’	
  2005	
  -­‐	
  2011	
  

24,000	
  cwt	
  per	
  contract,	
  $1.10	
  deduc=ble,	
  50%	
  subsidy.	
  

October	
  2008	
  –	
  December	
  2009	
  
Realized	
  Margin–	
  Without	
  LGM	
  

•  2005-­‐2011	
  	
  
–  Average	
  =	
  $145,000	
  /	
  Standard	
  Devia.on	
  =	
  $70,728	
  /	
  1sd	
  below	
  mean	
  =	
  

$74,320	
  

22	
  



5/12/12	
  

12	
  

LGM	
  ‘Up	
  Front’	
  
10/2008	
  –	
  12/2009	
  

23	
  

Average	
  Value	
  10/08	
  –	
  12/09	
  

Margin	
  without	
  a	
  hedge	
   $73,518	
  

Margin	
  plus	
  LGM	
  net	
  payout	
   $85,137	
  

LGM	
  ‘Middle’	
  
10/2008	
  –	
  12/2009	
  

24	
  

Average	
  Value	
  10/08	
  –	
  12/09	
  

Margin	
  without	
  a	
  hedge	
   $73,518	
  

Margin	
  plus	
  LGM	
  net	
  payout	
   $97,175	
  



5/12/12	
  

13	
  

LGM	
  ‘Looking	
  Ahead’	
  
10/2008	
  –	
  12/2009	
  

25	
  

Average	
  Value	
  10/08	
  –	
  12/09	
  

Margin	
  without	
  a	
  hedge	
   $73,518	
  

Margin	
  plus	
  LGM	
  net	
  payout	
   $100,969	
  

Benefit	
  from	
  LGM	
  coverage	
  
•  Over	
  this	
  10/2008	
  to	
  12/2009	
  period,	
  what	
  is	
  the	
  calculated	
  

benefit	
  from	
  using	
  these	
  three	
  LGM	
  contracts?	
  

26	
  

LGM	
  can	
  provide	
  a	
  safety	
  net	
  providing	
  added	
  margin	
  when	
  uncovered	
  margins	
  
decline	
  to	
  financially	
  ruinous	
  levels.	
  	
  Looking	
  ahead	
  strategy	
  appears	
  to	
  be	
  
preferred	
  to	
  a	
  wait	
  and	
  act	
  or	
  up	
  front	
  approach.	
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Conclusions	
  
  In	
  contrast	
  to	
  other	
  poraolio	
  situa=ons	
  where	
  tail	
  dependence	
  increases	
  

poraolio	
  risk,	
  (magnifies	
  losses)	
  for	
  gross	
  margin	
  insurance	
  products	
  
extremal	
  dependence	
  can	
  actually	
  decrease	
  poraolio	
  risk.	
  	
  

  With	
  appropriate	
  adjustments	
  to	
  ra=ng	
  methods,	
  and	
  employment	
  of	
  
smart	
  insurance	
  policy	
  strategy,	
  LGM	
  can	
  serve	
  as	
  actuarially	
  fair	
  and	
  
effec=ve	
  financial	
  disaster	
  insurance	
  tool.	
  

  Use	
  of	
  LGM	
  requires	
  a	
  careful	
  considera=on	
  of	
  the	
  firm’s	
  financial	
  
structure	
  and	
  risk	
  management	
  goals.	
  

  Cri=cal	
  further	
  research	
  is	
  needed	
  on	
  tail	
  dependence	
  between	
  milk	
  and	
  
feed	
  markets,	
  relaxing	
  assump=ons	
  on	
  marginal	
  distribu=ons	
  and	
  
op=mizing	
  maximum	
  length	
  of	
  contract.	
  	
  Addi=onal	
  research	
  is	
  needed	
  on	
  
the	
  impact	
  of	
  vola=lity	
  measures	
  and	
  the	
  term	
  structure	
  of	
  premiums.	
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