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Objec&ves	
  of	
  the	
  discussion	
  

•  Measuring	
  agricultural	
  produc&vity	
  and	
  natural	
  assets	
  
•  Examine	
  composite	
  indicators	
  for	
  sustainable	
  produc&on	
  and	
  

natural	
  resource	
  use	
  
•  The	
  effects	
  on	
  the	
  environment	
  of	
  achieving	
  food	
  security	
  
	
  



Why	
  do	
  we	
  want	
  produc&vity	
  measurements?	
  

•  Solow	
  –	
  gauge	
  progress	
  -­‐	
  Enhancing	
  human	
  welfare	
  from	
  
rela&vely	
  fixed	
  resources	
  (land,	
  water,	
  biodiversity)	
  

•  Griliches	
  –	
  Explain	
  progress	
  –	
  how	
  it	
  is	
  achieved	
  is	
  important	
  for	
  
policy	
  but	
  don’t	
  use	
  the	
  result	
  as	
  a	
  metric	
  for	
  progress	
  

•  Get	
  a	
  sense	
  of	
  whether	
  the	
  world	
  can	
  feed	
  rising	
  popula&on	
  
–  Compare	
  rate	
  of	
  growth	
  of	
  demand	
  (popula&on	
  growth	
  +	
  income	
  
growth)	
  and	
  rate	
  of	
  growth	
  of	
  supply	
  of	
  food	
  (produc&vity	
  
growth)	
  

•  To	
  iden&fy	
  if	
  food	
  systems	
  are	
  sustainable??	
  



Approaches	
  to	
  measuring	
  agricultural	
  produc&vity	
  

•  Single	
  factor:	
  Output	
  /	
  Input	
  
–  Land	
  produc&vity:	
  Output	
  /	
  No	
  of	
  acres	
  	
  
–  Labour	
  produc&vity”	
  Output	
  /	
  No	
  of	
  workers	
  

•  Total	
  Factor	
  Produc&vity=	
  ra&o	
  of	
  total	
  output	
  (Y)	
  to	
  total	
  inputs	
  (X),	
  where	
  
Y	
  and	
  X	
  are	
  vectors.	
  
	
  
	
  
Changes	
  over	
  &me	
  are	
  es&mated	
  by:	
  
	
  

	
  
	
  
•  Rate	
  of	
  change	
  of	
  TFP	
  is	
  the	
  difference	
  between	
  the	
  rate	
  of	
  

change	
  in	
  aggregate	
  output	
  and	
  aggregate	
  input	
  	
  



IF:	
  
i.  Produc&on	
  technology	
  can	
  be	
  represented	
  by	
  Cobb-­‐Douglas	
  produc&on	
  

func&on	
  
ii.  Farm	
  producers	
  maximize	
  profits	
  so	
  output	
  elas&city	
  with	
  respect	
  to	
  an	
  input	
  

equals	
  the	
  cost	
  share	
  of	
  that	
  input	
  
iii.  Markets	
  are	
  in	
  long-­‐run	
  equilibrium	
  so	
  that	
  total	
  revenue	
  equals	
  total	
  cost	
  

THEN,	
  
	
  

	
  
Ri	
  =	
  Revenue	
  share	
  of	
  the	
  ith	
  output	
  and	
  Sj	
  =	
  cost	
  share	
  of	
  the	
  jth	
  input	
  
–  Total	
  output	
  growth	
  =	
  sum	
  of	
  growth	
  rates	
  for	
  each	
  commodity	
  
weighted	
  by	
  its	
  revenue	
  share.	
  	
  

–  Total	
  input	
  growth	
  =	
  Sum	
  of	
  growth	
  rate	
  of	
  each	
  input,	
  weighted	
  by	
  its	
  
cost	
  share.	
  	
  

–  TFP	
  growth	
  is	
  the	
  difference	
  between	
  the	
  growth	
  of	
  total	
  output	
  and	
  
total	
  input.	
  

	
  	
  



•  Why	
  do	
  we	
  use	
  different	
  growth	
  accoun&ng	
  methods?	
  
–  Depends	
  on	
  whether	
  revenue	
  and	
  cost	
  shares	
  are	
  fixed	
  or	
  vary	
  over	
  &me	
  
–  If	
  fixed:	
  Paasche	
  and	
  Laspeyer	
  
–  If	
  vary:	
  	
  Tornquist-­‐Thiel	
  and	
  other	
  chained	
  indices	
  (variable	
  weights).	
  They	
  

reduces	
  poten&al	
  "index	
  number	
  bias.”	
  

•  Where	
  does	
  Index	
  number	
  bias	
  arise?	
  
–  When	
  producers	
  subs&tute	
  among	
  outputs	
  and	
  inputs	
  depending	
  on	
  their	
  

rela&ve	
  profitability	
  or	
  cost	
  (e.g.,	
  Labour	
  wages	
  rise	
  rela&ve	
  to	
  the	
  cost	
  of	
  
capital,	
  producers	
  are	
  likely	
  to	
  subs&tute	
  more	
  capital	
  for	
  labour,	
  thereby	
  
reducing	
  the	
  growth	
  rate	
  in	
  labour	
  and	
  increasing	
  it	
  for	
  capital)	
  

–  Cost	
  shares	
  of	
  agricultural	
  capital	
  and	
  material	
  inputs	
  tend	
  to	
  rise	
  in	
  the	
  
process	
  of	
  economic	
  development,	
  while	
  the	
  cost	
  share	
  of	
  labour	
  tends	
  to	
  fall.	
  
Commodity	
  revenue	
  shares	
  tend	
  to	
  show	
  less	
  change	
  over	
  &me.	
  

•  USDA	
  agricultural	
  produc&vity	
  es&mates	
  adjust	
  input	
  cost	
  shares	
  by	
  decade	
  
(whenever	
  such	
  informa&on	
  is	
  available)	
  



Change in TFP: 

Growth in cost  
From using more  
of the jth input   

Input cost decomposition  
of output growth 

Consider, One input (Land, X1): 

Land 
expansion 

Change in output per 
unit of land 

Share due to using other 
inputs more intensively 

Total factor 
productivity 

Resource decomposition 
of growth 











USDA	
  TFP	
  (based	
  on	
  FAO	
  data)	
  

•  Developed	
  countries:	
  total	
  resources	
  used	
  in	
  agriculture	
  have	
  
been	
  falling	
  since	
  about	
  the	
  1980s.	
  Rising	
  TFP	
  has	
  offset	
  
declining	
  resources	
  use	
  to	
  keep	
  the	
  produc&vity	
  s&ll	
  rising	
  

•  Developing	
  countries:	
  	
  
–  TFP	
  growth	
  doubled	
  from	
  less	
  than	
  1%	
  per	
  year	
  in	
  1990-­‐60	
  to	
  over	
  
2%	
  in	
  1991-­‐2009	
  

–  Input	
  growth	
  slowed	
  but	
  is	
  s&ll	
  expanding	
  to	
  keep	
  output	
  growing	
  
	
  	
  



So,	
  is	
  what	
  we	
  know	
  complete?	
  

•  TFP	
  growth	
  implies	
  that	
  a	
  system	
  is	
  sustainable	
  in	
  view	
  of	
  the	
  
fact	
  that	
  output	
  appears	
  to	
  increase	
  at	
  least	
  as	
  fast	
  as	
  inputs	
  
rise	
  

•  Can	
  this	
  be	
  valid?	
  
•  There	
  are	
  other	
  aspects	
  that	
  need	
  to	
  be	
  considered	
  besides	
  

produc&on	
  
–  Externali&es	
  generated	
  by	
  agricultural	
  ac&vity	
  
–  The	
  way	
  natural	
  resources	
  are	
  deple&ng	
  

•  TFP	
  es&mates	
  are	
  biased:	
  
–  Because	
  of	
  unmeasured	
  /	
  unpriced	
  inputs	
  (e.g.	
  water,	
  climate,	
  
ecological	
  support)	
  à	
  	
  Research	
  on	
  missing	
  inputs	
  is	
  needed	
  
(Perring	
  and	
  Pulgini&,	
  2011)	
  

–  TFP	
  +	
  when	
  nega&ve	
  externali&es	
  +	
  (Ball	
  et	
  al	
  ,	
  2005)	
  



So,	
  is	
  what	
  we	
  know	
  complete?...	
  

•  Externali&es	
  
–  E.g.,	
  externali&es:	
  “good”	
  or	
  “bad”	
  
–  Run	
  off	
  from	
  the	
  use	
  of	
  agrochemicals	
  pollutes	
  a	
  lake	
  à	
  
fisherman	
  are	
  nega&vely	
  affected	
  

–  Property	
  owner	
  takes	
  ac&on	
  to	
  improve	
  his	
  property	
  à	
  value	
  of	
  
proper&es	
  in	
  the	
  vicinity	
  may	
  increase	
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Source: Perrin and Pulginiti (2012) 



Source: Perrin and Pulginiti (2012) 



Further	
  issues	
  of	
  using	
  TFP	
  for	
  sustainable	
  food	
  security	
  

•  Loca&on	
  of	
  produc&on	
  is	
  important	
  for	
  poverty	
  allevia&on	
  and	
  
food	
  security,	
  but	
  TFP	
  es&mates	
  depend	
  on	
  na&onal	
  or	
  regional	
  
data	
  at	
  best	
  

•  Spa&al	
  dynamics	
  are	
  missing	
  
•  Prevalence	
  of	
  pests	
  and	
  diseases	
  are	
  not	
  part	
  of	
  the	
  es&mates	
  



Data	
  issues	
  –	
  FAO	
  and	
  World	
  Bank	
  data	
  

•  Land	
  –	
  count	
  arable,	
  permanently	
  pastured	
  and	
  cropped	
  area	
  
•  labour:	
  -­‐	
  headcount	
  of	
  economically	
  ac&ve	
  popula&on	
  in	
  

agriculture	
  
•  Capital	
  –	
  count	
  of	
  tractors	
  in	
  use	
  /	
  on-­‐farm	
  irrigated	
  %	
  of	
  acres	
  
•  Livestock	
  –	
  weighted	
  headcount	
  of	
  buffalo,	
  cakle,	
  pig,	
  sheep,	
  

and	
  goat	
  
•  Materials	
  –	
  fer&liser	
  (nitrogen,	
  phosphate	
  and	
  potash	
  and	
  use	
  

in	
  units	
  of	
  ac&ve	
  ingredients)	
  
•  Much	
  of	
  data	
  are	
  es&mated	
  and	
  quality	
  of	
  data	
  provided	
  by	
  

governments	
  



New	
  Ideas	
  

•  Key	
  to	
  understanding	
  the	
  nexus	
  between	
  produc&vity	
  and	
  
environmental	
  endowments	
  and	
  flows	
  
– Weather	
  (rainfall,	
  sunlight,	
  day	
  length,	
  wind)	
  
–  Terrain	
  (slope,	
  eleva&on)	
  
–  Soil	
  (type,	
  depth,	
  organic	
  and	
  nutrient	
  content)	
  
–  Pests	
  and	
  diseases	
  	
  (Pardey,	
  2011)	
  



Links between R&D and productivity growth 
Need to introduce lag weights  





Source: Pardey, 2011 



Incorpora&ng	
  externali&es	
  to	
  TFP	
  

•  Difficulty	
  with	
  valuing	
  externali&es	
  
–  Externali&es	
  are	
  not	
  associated	
  with	
  one	
  ac&vity,	
  hence	
  they	
  are	
  
collec&ve	
  responsibility	
  

•  One	
  sugges&on:	
  incorporate	
  externali&es	
  through	
  adding	
  non-­‐
marketable	
  inputs-­‐outputs	
  
–  Total	
  Resource	
  Produc&vity	
  
–  Social	
  Total	
  factor	
  Produc&vity	
  (Gollop	
  and	
  Swinand,	
  1998;	
  
Barnes,	
  2002)	
  

–  UK	
  example	
  of	
  Barnes	
  (	
  2002):	
  Social	
  TFP	
  which	
  incorporates	
  two	
  
“bads	
  “	
  pes&cide	
  and	
  nitrogen	
  pollu&on	
  à	
  regular	
  TFP	
  and	
  
environmentally	
  adjusted	
  TFP	
  diverge	
  over	
  &me.	
  



Assessing	
  resources	
  stock	
  value	
  
•  Consider	
  resource	
  stocks	
  and	
  flows	
  (both	
  inter-­‐temporal	
  and	
  spa&al	
  changes)	
  (Ehui	
  

and	
  Spencer	
  (1993)	
  
•  Assessing	
  agricultural	
  sustainability	
  as	
  a	
  composite	
  of	
  agricultural	
  nutrient	
  balance,	
  

crop	
  yield,	
  soil	
  quality,	
  agricultural	
  management,	
  agri-­‐environmental	
  quality,	
  
agricultural	
  bio-­‐diversity,	
  agricultural	
  net	
  energy	
  balance.	
  Nambiar	
  et	
  al.	
  2001	
  
applied	
  to	
  China	
  

•  Assessing	
  comprehensive	
  wealth	
  by	
  incorpora&ng	
  everything	
  related	
  to	
  cwealth	
  
(natural	
  capital,	
  reproducible	
  capital,	
  human	
  capital	
  etc.):	
  Arrow,	
  Dasgupta,	
  
Goulder,	
  Mumford	
  and	
  Oleson	
  (2010)	
  NBER	
  paper	
  #	
  16599	
  

•  Incorpora&ng	
  resource	
  quality	
  +	
  resource	
  produc&vity	
  measures	
  (Byerlee	
  and	
  
Murgai,	
  2001)	
  

•  Agricultural	
  TFP	
  using	
  nutrients	
  balance	
  approach	
  (Viet_Ngu	
  Hoang	
  and	
  Tim	
  Coelli,	
  
2011)	
  

•  Big	
  ques&ons	
  remain:	
  
•  What	
  weights	
  to	
  be	
  used	
  
•  Data	
  quality	
  

	
  




