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EXECUTIVE SUMMARY 
	
  

INTRODUCTION 
The	
  goal	
  of	
  the	
  study	
  is	
  to	
  present	
  a	
  new	
  methodology	
  for	
  measuring	
  resilience	
  and	
  vulnerability,	
  which	
  
has	
  been	
  tested	
  on	
  a	
  case	
  study	
  basis	
  using	
  data	
  from	
  Ethiopia.	
  The	
  advantage	
  of	
  having	
  a	
  
comprehensive	
  approach	
  is	
  to	
  be	
  able	
  to	
  test	
  if	
  resilience	
  and	
  vulnerability	
  differ	
  empirically	
  and	
  to	
  
present	
  vulnerability	
  and	
  resilience	
  indices	
  in	
  a	
  coherent	
  fashion.	
  The	
  methodology	
  could	
  prove	
  useful	
  in	
  
targeting,	
  impact	
  evaluation	
  and	
  early	
  warning.	
  	
  
	
  
USAID	
  defines	
  resilience	
  as	
  “the	
  ability	
  of	
  people,	
  households,	
  communities,	
  countries,	
  and	
  systems	
  to	
  
mitigate,	
  adapt	
  to,	
  and	
  recover	
  from	
  shocks	
  and	
  stresses	
  in	
  a	
  manner	
  that	
  reduces	
  chronic	
  vulnerability	
  
and	
  facilitates	
  inclusive	
  growth”.	
  	
  The	
  concept	
  originates	
  from	
  the	
  ecological	
  literature,	
  which	
  defines	
  
simple	
  ecological	
  systems	
  that	
  oscillate	
  around	
  basins	
  of	
  attraction.	
  Ecological	
  resilience	
  can	
  be	
  
measured	
  as	
  the	
  magnitude	
  of	
  the	
  perturbation	
  required	
  to	
  shift	
  the	
  system	
  outside	
  the	
  basin	
  of	
  
attraction,	
  while	
  engineering	
  resilience	
  “can	
  be	
  measured	
  by	
  the	
  speed	
  at	
  which	
  the	
  system	
  returns	
  to	
  
the	
  stable	
  point	
  or	
  trajectory	
  following	
  a	
  perturbation”.	
  
	
  
The	
  understanding	
  of	
  resilience	
  is	
  also	
  a	
  derivative	
  of	
  the	
  coping	
  capacities	
  literature	
  and	
  is	
  
characterized	
  as	
  involving	
  the	
  capacities	
  to	
  withstand	
  a	
  shock	
  (risk	
  mitigation)	
  and	
  bounce	
  back	
  from	
  
that	
  shock	
  (risk	
  coping).	
  In	
  the	
  end,	
  we	
  distinguish	
  poverty	
  as	
  an	
  ex	
  post	
  assessment	
  of	
  who	
  is	
  poor,	
  
vulnerability	
  as	
  an	
  ex	
  ante	
  prediction	
  of	
  who	
  might	
  become	
  poor,	
  and	
  resilience	
  as	
  a	
  dynamic	
  
assessment	
  of	
  how	
  an	
  individual	
  will	
  react	
  in	
  the	
  event	
  of	
  a	
  shock.	
  Programmatically,	
  the	
  appropriate	
  
response	
  to	
  these	
  various	
  dimensions	
  of	
  wellbeing	
  will	
  incorporate	
  a	
  long-­‐term,	
  integrated,	
  cross-­‐
sectoral,	
  and	
  systematic	
  approaches,	
  linking	
  relief	
  and	
  development.	
  
 
METHODOLOGY 
The	
  methodology	
  we	
  develop	
  is	
  flexible	
  and	
  can	
  be	
  applied	
  at	
  different	
  scales	
  (individual,	
  household,	
  
community,	
  region,	
  etc.),	
  with	
  different	
  well-­‐being	
  measures	
  (consumption,	
  income,	
  food	
  consumption,	
  
child	
  nutrition,	
  local	
  economic	
  activity,	
  etc.)	
  and	
  for	
  different	
  shocks	
  (climate	
  changes,	
  price	
  spikes,	
  etc.).	
  
Again,	
  this	
  report	
  employs	
  the	
  methodology	
  to	
  examine	
  the	
  effects	
  of	
  climate	
  shocks	
  on	
  individuals’	
  
wellbeing	
  in	
  Ethiopia.	
  	
  
	
  
Our	
  approach	
  begins	
  with	
  a	
  climate-­‐consumption	
  model,	
  which	
  is	
  a	
  characterization	
  of	
  the	
  inverse-­‐U-­‐
shaped	
  relationship	
  between	
  hazard	
  and	
  wellbeing,	
  which	
  we	
  proxy	
  using	
  SPEI	
  and	
  consumption.	
  The	
  
shape	
  of	
  the	
  relationship	
  reflects	
  high	
  consumption	
  during	
  normal	
  climatic	
  conditions	
  and	
  lower	
  
consumption	
  during	
  periods	
  of	
  excess	
  moisture	
  (flood)	
  and	
  dryness	
  (drought).	
  	
  
	
  
We	
  then	
  define	
  a	
  set	
  of	
  indices	
  that	
  measure	
  vulnerability	
  and	
  resilience:	
  
• The	
  weather	
  vulnerability	
  index	
  is	
  a	
  measure	
  of	
  the	
  expected	
  poverty	
  gap	
  caused	
  by	
  an	
  adverse	
  

weather	
  shock	
  and	
  is	
  designed	
  to	
  summarize	
  weather	
  sensitivity.	
  For	
  individuals	
  above	
  the	
  poverty	
  
line,	
  this	
  is	
  the	
  difference	
  between	
  consumption	
  during	
  hazard-­‐induced	
  conditions	
  and	
  the	
  poverty	
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line.	
  For	
  individuals	
  below	
  the	
  poverty	
  line,	
  it	
  is	
  the	
  difference	
  between	
  consumption	
  in	
  hazard-­‐
induced	
  conditions	
  and	
  consumption	
  in	
  normal	
  conditions.	
  It	
  can	
  be	
  fitted	
  to	
  droughts	
  and	
  floods	
  of	
  
various	
  magnitudes	
  (e.g.	
  expected	
  to	
  occur	
  every	
  5	
  years	
  or	
  every	
  10	
  years	
  only).	
  
	
  

• The	
  climate	
  vulnerability	
  index	
  is	
  the	
  risk-­‐adjusted	
  poverty	
  caused	
  by	
  climate,	
  which	
  summarizes	
  
climate	
  exposure.	
  Whereas	
  the	
  drought-­‐induced	
  poverty	
  gap	
  focuses	
  on	
  a	
  particular	
  weather	
  event,	
  
the	
  climate	
  vulnerability	
  index	
  summarizes	
  the	
  overall	
  climate	
  exposure	
  of	
  the	
  individual.	
  It	
  could	
  be	
  
used	
  as	
  a	
  budgeting	
  tool,	
  setting	
  an	
  upper	
  bound	
  to	
  intervention	
  aimed	
  at	
  reducing	
  climate	
  exposure	
  
of	
  vulnerable	
  population.	
  

	
  
• Finally,	
  the	
  weather-­‐resilience	
  index	
  is	
  the	
  individual’s	
  average	
  post-­‐shock	
  speed	
  of	
  recovery,	
  or	
  the	
  

average	
  decrease	
  in	
  shock-­‐induced	
  poverty	
  per	
  period.	
  Again,	
  it	
  can	
  be	
  fitted	
  to	
  droughts	
  and	
  floods	
  of	
  
various	
  magnitudes.	
  

	
  
Each	
  index	
  is	
  expressed	
  as	
  a	
  percentage	
  of	
  the	
  poverty	
  line:	
  a	
  weather	
  vulnerability	
  index	
  of	
  10%	
  means	
  
that	
  expected	
  poverty	
  will	
  increase	
  by	
  10%	
  in	
  case	
  of	
  a	
  drought;	
  a	
  climate	
  vulnerability	
  index	
  of	
  10%	
  
means	
  that	
  poverty	
  increases	
  by	
  10%	
  once	
  adjusted	
  for	
  risk	
  or	
  that	
  the	
  upper-­‐bound	
  of	
  an	
  intervention	
  
aimed	
  at	
  reducing	
  climate	
  risk	
  is	
  10%	
  of	
  the	
  poverty	
  line;	
  and	
  a	
  drought-­‐resilience	
  index	
  of	
  10%	
  means	
  that	
  
the	
  poverty	
  caused	
  by	
  the	
  drought	
  will	
  decrease	
  by	
  10%	
  per	
  year	
  on	
  average	
  or,	
  equivalently,	
  that	
  it	
  will	
  be	
  
fully	
  absorbed	
  after	
  10	
  years.	
  
	
  
DATA 
We	
  use	
  ordinary	
  least	
  squares	
  regression	
  on	
  panel	
  datasets	
  to	
  estimate	
  the	
  parameters	
  necessary	
  to	
  
compute	
  the	
  indices.	
  The	
  three	
  panel	
  datasets	
  (Living	
  Standards	
  Measurement	
  Survey,	
  Ethiopian	
  Nile	
  
Basin	
  Climate	
  Change	
  Adaptation	
  Dataset,	
  and	
  the	
  Ethiopian	
  Rural	
  Household	
  Survey)	
  were	
  used	
  to	
  
compute	
  individual	
  consumption	
  for	
  the	
  more	
  than	
  6000	
  individuals	
  surveyed.	
  Running	
  the	
  analysis	
  on	
  the	
  
three	
  datasets	
  is	
  done	
  to	
  show	
  that	
  the	
  results	
  are	
  replicable	
  across	
  settings.	
  We	
  use	
  two	
  climate	
  datasets	
  
(SPEIbase	
  v.2.2	
  and	
  CHIRPS)	
  to	
  obtain	
  SPEI	
  values	
  at	
  the	
  individual	
  level	
  and	
  employ	
  agro-­‐ecological	
  zones	
  
datasets	
  as	
  an	
  additional	
  control.	
  
 
RESULTS 
We	
  test	
  three	
  main	
  hypotheses:	
  (1)	
  climate	
  exposure,	
  vulnerability	
  and	
  resilience	
  vary	
  between	
  regions;	
  
(2)	
  they	
  vary	
  across	
  consumption	
  strata	
  in	
  the	
  population;	
  (3)	
  resilience	
  is	
  not	
  the	
  inverse	
  of	
  vulnerability.	
  
While	
  the	
  first	
  two	
  hypotheses	
  demonstrate	
  the	
  applicability	
  of	
  the	
  methodology	
  to	
  understand	
  different	
  
dimensions	
  of	
  wellbeing,	
  the	
  third	
  examines	
  the	
  overall	
  usefulness	
  of	
  the	
  resilience	
  concept:	
  do	
  resilience	
  
estimates	
  bring	
  anything	
  new	
  or	
  is	
  it	
  just	
  the	
  same	
  information	
  packaged	
  differently?	
  	
  
	
  
Our	
  preliminary	
  results	
  show	
  important	
  empirical	
  differences	
  between	
  regions	
  and	
  consumption	
  strata,	
  as	
  
well	
  as	
  between	
  vulnerability	
  and	
  resilience:	
  vulnerable	
  individuals	
  can	
  be	
  resilient	
  and	
  vice-­‐versa.	
  Indeed,	
  
in	
  the	
  semi-­‐arid	
  highlands	
  of	
  Ethiopia,	
  an	
  excessive	
  amount	
  of	
  moisture	
  initially	
  causes	
  a	
  minor	
  drop	
  in	
  
consumption	
  but,	
  as	
  time	
  passes,	
  the	
  average	
  individual	
  slides	
  under	
  the	
  poverty	
  line.	
  In	
  other	
  words,	
  the	
  



MEASURING CLIMATE RESILIENCE AND VULNERABILITY 
 
	
  

5	
  
 

person	
  is	
  not	
  vulnerable	
  and	
  not	
  resilient.	
  By	
  contrast,	
  the	
  same	
  level	
  of	
  excessive	
  moisture	
  leads	
  to	
  an	
  
instantaneous	
  and	
  significant	
  drop	
  in	
  consumption	
  in	
  sub-­‐humid	
  zones,	
  where	
  the	
  average	
  individual	
  is	
  
able	
  to	
  recover	
  after	
  a	
  few	
  years,	
  i.e.	
  this	
  person	
  is	
  vulnerable	
  and	
  resilient.	
  Differences	
  in	
  productive	
  asset	
  
endowments,	
  livelihood	
  strategies	
  and	
  development	
  policies	
  could	
  explain	
  these	
  alternative	
  initial	
  effects	
  
and	
  recovery	
  paths.	
  	
  
	
  
These	
  preliminary	
  results	
  might	
  suggest	
  that	
  highland	
  sub-­‐humid	
  zones	
  are	
  particularly	
  in	
  need	
  of	
  efficient	
  
ex-­‐ante	
  risk	
  mitigating	
  tools	
  in	
  order	
  to	
  decrease	
  vulnerability	
  (e.g.	
  better	
  flood	
  controls	
  and	
  field	
  drainage	
  
or	
  access	
  to	
  a	
  diversified	
  portfolio	
  of	
  high-­‐yield	
  and	
  weather	
  resistant	
  food	
  crops).	
  By	
  contrast,	
  semi-­‐arid	
  
zones	
  appear	
  to	
  be	
  particularly	
  in	
  need	
  of	
  ex-­‐post	
  risk	
  coping	
  strategies	
  (e.g.	
  provision	
  of	
  weather	
  index	
  
based	
  micro-­‐insurance,	
  mobile	
  money	
  transfers	
  to	
  ease	
  solidarity	
  across	
  different	
  parts	
  of	
  Ethiopia	
  or	
  
access	
  to	
  scalable	
  safety	
  nets).	
  	
  Overall,	
  the	
  results	
  suggest	
  that	
  these	
  measures	
  can	
  inform	
  a	
  
differentiated	
  approach	
  to	
  development,	
  based	
  on	
  outcomes	
  across	
  these	
  dimensions	
  of	
  wellbeing.	
  
	
  
NEXT STEPS 
In	
  the	
  follow-­‐up	
  to	
  this	
  interim	
  report,	
  we	
  will	
  extend	
  the	
  resilience	
  model	
  to	
  further	
  investigate	
  the	
  likely	
  
causes	
  of	
  these	
  differences.	
  Results	
  could	
  inform	
  resilience	
  impact	
  studies	
  as	
  well	
  as	
  intervention	
  
targeting.	
  In	
  addition,	
  colleagues	
  at	
  NOAA	
  are	
  currently	
  developing	
  a	
  new	
  evapotranspiration	
  dataset	
  
which	
  will	
  be	
  used	
  to	
  compute	
  a	
  finer	
  SPEI	
  product.	
  We	
  will	
  also	
  investigate	
  the	
  use	
  of	
  satellite	
  night-­‐light	
  
imageries	
  in	
  order	
  to	
  proxy	
  local	
  Gross	
  Domestic	
  Product	
  dynamics,	
  which	
  could	
  provide	
  higher	
  frequency	
  
data,	
  a	
  different	
  scale	
  of	
  analysis	
  and	
  easy	
  automation,	
  thus	
  laying	
  the	
  building	
  blocks	
  for	
  an	
  early	
  warning	
  
product.	
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I. INTRODUCTION 
Analyzing	
  resilience	
  and	
  vulnerability	
  can	
  help	
  policy	
  makers	
  take	
  earlier	
  action	
  to	
  address	
  emerging	
  
crises,	
  better	
  design	
  and	
  evaluate	
  interventions,	
  and	
  better	
  identify	
  which	
  individuals	
  to	
  target	
  as	
  part	
  of	
  
those	
  interventions.	
  However,	
  there	
  is	
  yet	
  no	
  consensus	
  on	
  the	
  definition	
  of	
  resilience,	
  nor	
  on	
  its	
  
measurement.	
  This	
  interim	
  report	
  introduces	
  a	
  new	
  comprehensive	
  framework	
  to	
  simultaneously	
  
estimate	
  individuals’	
  vulnerability	
  and	
  resilience	
  to	
  climate	
  shocks	
  such	
  as	
  droughts	
  and	
  floods.	
  We	
  
selected	
  Ethiopia	
  as	
  case	
  study	
  for	
  four	
  main	
  reasons:	
  it	
  is	
  largely	
  exposed	
  to	
  climate	
  shocks[1-­‐3],	
  it	
  is	
  
the	
  main	
  net	
  recipient	
  of	
  development	
  assistance	
  in	
  Africa[4],	
  the	
  large	
  diversity	
  of	
  Sub-­‐Saharan	
  African	
  
agro-­‐ecological	
  zones	
  is	
  well	
  represented	
  in	
  its	
  territory	
  and,	
  finally,	
  good	
  datasets	
  are	
  available.	
  The	
  
approach	
  could	
  be	
  extended	
  to	
  other	
  countries,	
  other	
  types	
  of	
  shocks	
  (e.g.	
  price	
  spikes)	
  and	
  other	
  levels	
  
of	
  analysis	
  (e.g.	
  livelihood	
  groups,	
  regions	
  etc.).	
  
	
  
Climate	
  risk	
  has	
  large	
  negative	
  welfare	
  effects.	
  First,	
  the	
  risk	
  management	
  strategies	
  adopted	
  by	
  many	
  
individuals	
  in	
  developing	
  countries,	
  such	
  as	
  diversification	
  of	
  income	
  sources	
  and	
  adoption	
  of	
  low-­‐
yield/low-­‐risk	
  crop	
  varieties,	
  contribute	
  to	
  trapping	
  them	
  in	
  poverty,	
  as	
  these	
  strategies	
  are	
  often	
  
inefficient	
  and	
  costly.	
  Second,	
  climate	
  risks	
  are	
  covariate:	
  floods	
  and	
  droughts	
  affect	
  entire	
  communities	
  
at	
  the	
  same	
  time.	
  Traditional	
  coping	
  strategies	
  tend	
  to	
  be	
  ineffective	
  against	
  such	
  shocks	
  and,	
  when	
  
they	
  result	
  in	
  asset	
  depletion	
  or	
  natural	
  resource	
  degradation,	
  are	
  counter-­‐productive	
  to	
  long-­‐term	
  
status	
  [3,	
  5-­‐7].	
  If	
  individuals	
  do	
  not	
  have	
  the	
  capacity	
  to	
  absorb	
  the	
  shock	
  or	
  to	
  rebound,	
  i.e.	
  if	
  they	
  are	
  
not	
  resilient,	
  the	
  consequences	
  can	
  be	
  long-­‐lasting	
  and	
  result	
  in	
  life-­‐long	
  destitution.	
  	
  
	
  
Since	
  the	
  1980’s,	
  academics	
  and	
  practitioners	
  have	
  been	
  calling	
  for	
  better	
  integration	
  of	
  relief	
  and	
  
development	
  interventions.	
  Vulnerability	
  and	
  resilience	
  analysis	
  can	
  help	
  in	
  designing	
  a	
  new	
  generation	
  
of	
  social	
  policies	
  addressing	
  this	
  need,	
  including,	
  for	
  example,	
  scalable	
  social	
  protection	
  systems	
  that	
  
expand	
  to	
  cover	
  additional	
  beneficiaries	
  in	
  the	
  event	
  of	
  a	
  shock.	
  More	
  generally,	
  while	
  vulnerability	
  
analysis	
  is	
  useful	
  for	
  estimating	
  the	
  number	
  of	
  potential	
  beneficiaries	
  of	
  an	
  intervention,	
  the	
  resilience	
  
lens	
  extends	
  the	
  time	
  horizon	
  for	
  planning	
  and	
  can	
  improve	
  targeting.	
  A	
  comprehensive	
  framework	
  for	
  
vulnerability	
  and	
  resilience	
  analysis	
  could	
  increase	
  the	
  predictive	
  power	
  of	
  early	
  warning	
  (EW)	
  tools	
  and	
  
also	
  provide	
  new	
  program	
  evaluation	
  techniques	
  able	
  to	
  identify	
  polices	
  that	
  are	
  most	
  effective	
  in	
  
places	
  where	
  heterogeneous	
  resilience	
  and	
  vulnerability	
  profiles	
  coexist.	
  	
  
	
  
In	
  this	
  interim	
  report,	
  we	
  conduct	
  a	
  survey	
  of	
  the	
  literature	
  and	
  practices	
  of	
  vulnerability	
  and	
  resilience	
  
assessment	
  (part	
  II),	
  we	
  introduce	
  the	
  new	
  comprehensive	
  framework	
  (part	
  III)	
  and	
  we	
  provide	
  early	
  
results	
  of	
  vulnerability	
  and	
  resilience	
  assessment	
  (part	
  III).	
  In	
  so	
  doing,	
  we	
  test	
  three	
  key	
  hypotheses	
  
regarding	
  whether	
  the	
  methods	
  allow	
  for	
  discerning	
  vulnerability	
  and	
  resilience	
  at	
  the	
  (1)	
  subnational	
  
level,	
  (2)	
  between	
  income	
  strata	
  and,	
  (3),	
  allow	
  for	
  the	
  identification	
  of	
  different	
  vulnerability	
  and	
  
resilience	
  profiles.	
  Mathematical	
  derivations	
  are	
  left	
  in	
  an	
  appendix.	
  	
   	
  



MEASURING CLIMATE RESILIENCE AND VULNERABILITY 
 
	
  

7	
  
 

II. LITERATURE REVIEW 
This	
  review	
  examines	
  the	
  concepts	
  of	
  vulnerability,	
  loosely	
  defined	
  as	
  the	
  likelihood	
  of	
  becoming	
  poor,	
  
and	
  resilience,	
  the	
  capacity	
  to	
  bounce	
  back,	
  from	
  academic	
  and	
  practitioner	
  perspectives.	
  The	
  aim	
  is	
  to	
  
draw	
  guidance	
  for	
  climate	
  resilience	
  estimation.	
  Though	
  the	
  roots	
  of	
  vulnerability	
  analysis	
  are	
  diverse,	
  
vulnerability	
  concepts	
  have	
  been	
  successfully	
  operationalized	
  by	
  development	
  actors	
  both	
  for	
  food	
  
security	
  monitoring	
  and	
  forecasts	
  and	
  for	
  evaluation	
  purposes	
  [8].	
  By	
  contrast,	
  despite	
  its	
  emergence	
  as	
  
a	
  central	
  narrative	
  in	
  international	
  development	
  [9-­‐12],	
  the	
  link	
  between	
  resilience	
  research,	
  policy	
  and	
  
practice	
  has	
  been	
  more	
  tenuous.	
  A	
  key	
  promise	
  of	
  the	
  resilience	
  concept	
  is	
  to	
  bridge	
  the	
  gap	
  between	
  
humanitarian	
  and	
  development	
  actions	
  [13]	
  and	
  to	
  provide	
  “an	
  overarching	
  organizational	
  scheme	
  
within	
  which	
  vulnerability,	
  shocks,	
  and	
  heterogeneity	
  of	
  recovery	
  pathways	
  may	
  be	
  measured”	
  [14].	
  
Despite	
  this	
  enthusiasm,	
  the	
  resilience	
  approach	
  suffers	
  from	
  a	
  lack	
  of	
  consensus	
  around	
  its	
  definition,	
  
and	
  a	
  method	
  of	
  measuring	
  it	
  has	
  not	
  yet	
  been	
  fully	
  developed.	
  However,	
  recent	
  work	
  in	
  the	
  
development	
  economics	
  literature	
  and	
  among	
  donors	
  and	
  NGOs	
  is	
  opening	
  new	
  pathways	
  for	
  research	
  
and	
  implementation	
  [13,	
  14].	
  
 
CONTEXT AND DEFINITION 
To	
  examine	
  vulnerability	
  and	
  resilience,	
  we	
  must	
  begin	
  with	
  a	
  foundational	
  understanding	
  of	
  risk.	
  
Idiosyncratic	
  risk	
  affects	
  only	
  one	
  individual	
  at	
  a	
  time	
  (e.g.	
  illness),	
  whereas	
  covariate	
  risk	
  affects	
  
everyone	
  in	
  a	
  community	
  at	
  the	
  same	
  time	
  (e.g.	
  drought).	
  The	
  coping	
  capacities	
  literature	
  largely	
  
developed	
  out	
  of	
  the	
  insight	
  that	
  individuals	
  differ	
  in	
  their	
  capacities	
  to	
  withstand	
  shocks	
  based	
  on	
  their	
  
risk	
  management	
  strategies.	
  While	
  ex-­‐ante	
  risk	
  mitigating	
  strategies	
  seek	
  to	
  decrease	
  the	
  individual’s	
  
potential	
  exposure	
  to	
  hazard,	
  ex-­‐post	
  risk	
  coping	
  strategies	
  aim	
  to	
  decrease	
  the	
  effect	
  of	
  the	
  hazard	
  
once	
  it	
  has	
  struck	
  [15].	
  Both	
  have	
  important	
  welfare	
  effects:	
  while	
  ex-­‐ante	
  risk	
  mitigating	
  strategies	
  
often	
  result	
  in	
  reducing	
  risk	
  at	
  the	
  cost	
  of	
  reduced	
  profitability,	
  ex-­‐post	
  risk	
  coping	
  strategies	
  typically	
  
involve	
  a	
  sequence	
  of	
  increasingly	
  irreversible	
  strategies,	
  involving	
  tradeoffs	
  between	
  current	
  food	
  
consumption	
  and	
  future	
  income-­‐generation	
  [16].	
  These	
  risk	
  management	
  strategies	
  largely	
  determine	
  
vulnerability	
  and	
  resilience.	
  
 
VULNERABILITY 
Following	
  Adger	
  [17],	
  two	
  major	
  traditions	
  have	
  served	
  as	
  spring	
  boards	
  for	
  current	
  research	
  on	
  
vulnerability:	
  vulnerability	
  as	
  absence	
  of	
  entitlement	
  [18-­‐20]	
  and	
  vulnerability	
  to	
  natural	
  hazard	
  [e.g.	
  21].	
  
The	
  natural	
  hazard	
  tradition,	
  with	
  which	
  we	
  are	
  primarily	
  concerned,	
  focuses	
  on	
  external	
  and	
  physical	
  
factors	
  (e.g.	
  recurrence	
  of	
  drought).	
  The	
  entitlement	
  theory	
  is	
  asset-­‐oriented	
  and	
  focuses	
  on	
  the	
  interplay	
  
of	
  institutional	
  and	
  economic	
  factors	
  [17].	
  The	
  development	
  economics	
  literature	
  and	
  the	
  subfields	
  on	
  
vulnerability	
  and	
  poverty	
  traps	
  have	
  integrated	
  both	
  traditions	
  into	
  the	
  classical	
  economic	
  analysis.	
  
	
  
Vulnerability	
  to	
  poverty	
  can	
  be	
  defined	
  as	
  “the	
  likelihood	
  that	
  at	
  a	
  given	
  time	
  in	
  the	
  future,	
  an	
  individual	
  
will	
  have	
  a	
  level	
  of	
  welfare	
  below	
  some	
  norm	
  or	
  benchmark”	
  [22].	
  While	
  poverty	
  is	
  observed	
  at	
  a	
  specific	
  
time	
  period,	
  vulnerability	
  is	
  an	
  ex	
  ante,	
  or	
  forward-­‐looking,	
  prediction	
  of	
  future	
  poverty	
  [23].	
  The	
  two	
  
concepts	
  are	
  distinct	
  and	
  it	
  is	
  possible	
  for	
  wealthier	
  households	
  to	
  be	
  more	
  vulnerable	
  than	
  poorer	
  
households	
  as	
  both	
  Carter	
  et	
  al.	
  [24]	
  and	
  Béné	
  et	
  al.	
  [25]	
  have	
  found.  
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RESILIENCE 
The	
  concept	
  of	
  resilience	
  originates	
  from	
  the	
  ecological	
  literature,	
  which	
  defines	
  simple	
  ecological	
  systems	
  
that	
  oscillate	
  around	
  basins	
  of	
  attraction.	
  Ecological	
  resilience	
  [26]	
  can	
  be	
  measured	
  as	
  the	
  magnitude	
  of	
  
the	
  perturbation	
  required	
  to	
  shift	
  the	
  system	
  outside	
  the	
  basin	
  of	
  attraction1,	
  while	
  engineering	
  resilience	
  
[26,	
  27]	
  “can	
  be	
  measured	
  by	
  the	
  speed	
  at	
  which	
  the	
  system	
  returns	
  to	
  the	
  stable	
  point	
  or	
  trajectory	
  
following	
  a	
  perturbation”[28].	
  	
  
	
  
The	
  international	
  development	
  sector	
  has	
  proposed	
  myriads	
  of	
  definitions	
  for	
  resilience.	
  USAID	
  defines	
  it	
  
as	
  “the	
  ability	
  of	
  people,	
  households,	
  communities,	
  countries,	
  and	
  systems	
  to	
  mitigate,	
  adapt	
  to,	
  and	
  
recover	
  from	
  shocks	
  and	
  stresses	
  in	
  a	
  manner	
  that	
  reduces	
  chronic	
  vulnerability	
  and	
  facilitates	
  inclusive	
  
growth”[9].	
  According	
  to	
  the	
  Food	
  Security	
  Information	
  Network	
  Technical	
  Working	
  Group,	
  “resilience	
  is	
  
the	
  capacity	
  that	
  ensures	
  adverse	
  stressors	
  and	
  shocks	
  do	
  not	
  have	
  long-­‐lasting	
  adverse	
  development	
  
consequences”[14].	
  	
  
	
  
Emerging	
  from	
  the	
  many	
  definitions	
  are	
  at	
  least	
  two	
  distinctive	
  characteristics	
  of	
  resilience:	
  (1)	
  the	
  
capacity	
  to	
  withstand	
  a	
  shock	
  and	
  (2)	
  the	
  capacity	
  to	
  bounce	
  back	
  after	
  a	
  shock.	
  The	
  first,	
  drawing	
  from	
  
the	
  ecological	
  literature,	
  is	
  the	
  absence	
  of	
  vulnerability.	
  It	
  involves	
  a	
  normative	
  goal	
  of	
  preventing	
  
individuals	
  from	
  falling	
  into	
  another	
  lower	
  basin	
  of	
  attraction,	
  such	
  as	
  a	
  poverty	
  trap.	
  The	
  second	
  is	
  more	
  
dynamic	
  and	
  draws	
  from	
  the	
  engineering	
  literature;	
  it	
  is	
  the	
  ability	
  of	
  the	
  system	
  to	
  recover	
  to	
  the	
  original	
  
or	
  an	
  improved	
  lower	
  basin	
  of	
  attraction.	
  These	
  two	
  characteristics	
  comprise	
  a	
  crucial	
  link	
  between	
  
humanitarian	
  assistance	
  and	
  broader	
  development	
  efforts	
  [16,	
  29,	
  30].	
  	
  
	
  
Following	
  the	
  coping	
  capacities	
  literature,	
  resilience	
  can	
  be	
  conceived	
  of	
  as	
  a	
  capacity	
  [e.g.	
  13,	
  28,	
  31]	
  with	
  
three	
  components	
  [32,	
  33],	
  the	
  first	
  two	
  of	
  which	
  are	
  closely	
  related	
  to	
  risk	
  mitigating	
  and	
  risk	
  coping	
  
strategies.	
  Absorptive	
  capacities	
  concern	
  the	
  first	
  characteristic	
  of	
  resilience:	
  the	
  ability	
  to	
  withstand	
  a	
  
shock.	
  Adaptive	
  capacities	
  concern	
  the	
  second:	
  the	
  ability	
  to	
  bounce	
  back	
  after	
  the	
  shock.	
  	
  Transformative	
  
capacities	
  consist	
  of	
  policy	
  approaches,	
  such	
  as	
  scalable	
  social	
  protection	
  schemes	
  (e.g.	
  The	
  Productive	
  
Safety	
  Net	
  Program	
  (PSNP)	
  and	
  Pastoralist	
  Areas	
  Resilience	
  Improvement	
  and	
  Market	
  Expansion	
  (PRIME)	
  
projects	
  in	
  Ethiopia),	
  which	
  involve	
  the	
  ability	
  to	
  radically	
  transform	
  the	
  system	
  to	
  prevent	
  future	
  exposure	
  
to	
  shocks.	
  Programmatically,	
  resilience	
  is	
  viewed	
  as	
  a	
  long-­‐term,	
  integrated,	
  cross-­‐sectoral	
  approach	
  that	
  is	
  
applicable	
  at	
  multiple	
  scales	
  [34,	
  35].	
  	
  
	
  
However,	
  resilience	
  has	
  yet	
  to	
  be	
  empirically	
  shown	
  to	
  be	
  distinct	
  from	
  poverty	
  and	
  vulnerability.	
  It	
  is	
  
therefore	
  unclear	
  whether	
  the	
  resilience	
  discourse	
  adds	
  anything	
  to	
  our	
  understanding	
  of	
  food	
  security	
  
and	
  wellbeing	
  or	
  provides	
  additional	
  insight	
  to	
  drive	
  the	
  design	
  of	
  the	
  appropriate	
  interventions.	
  The	
  
concept	
  of	
  resilience	
  adds	
  value	
  only	
  if	
  we	
  are	
  able	
  to	
  demonstrate	
  differences	
  in	
  recovery	
  trajectories	
  as	
  
well	
  as	
  the	
  speed	
  of	
  recovery	
  between	
  individuals/households/communities	
  that	
  share	
  the	
  same	
  
vulnerability	
  profile.  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  Resilience	
  was	
  originally	
  defined	
  as	
  “a	
  measure	
  of	
  the	
  persistence	
  of	
  systems	
  and	
  of	
  their	
  ability	
  to	
  absorb	
  change	
  and	
  
disturbance	
  and	
  still	
  maintain	
  the	
  same	
  relationships	
  between	
  populations	
  or	
  state	
  variables.”	
  (Holling,	
  1973).	
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VULNERABILITY MEASUREMENT 
Hoddinott	
  and	
  Quisumbing	
  [36]	
  distinguish	
  between	
  three	
  quantitative	
  concepts	
  of	
  vulnerability:	
  expected	
  
poverty	
  [23,	
  37-­‐40],	
  low	
  expected	
  utility	
  [38,	
  41]	
  and	
  uninsured	
  exposure	
  to	
  risk	
  [42],	
  which	
  are	
  displayed	
  
in	
  Box	
  1.	
  The	
  hazard	
  literature	
  focuses	
  mainly	
  on	
  measuring	
  the	
  impact	
  of	
  exogenous	
  environmental	
  
shocks	
  (e.g.	
  drought)	
  on	
  different	
  measures	
  of	
  wellbeing	
  such	
  as	
  yield	
  or	
  food	
  security	
  using	
  climate	
  
indices	
  (see	
  Error!	
  Reference	
  source	
  not	
  found.).	
  These	
  have	
  provided	
  building	
  blocks	
  for	
  early	
  warning	
  
systems	
  such	
  as	
  the	
  Famine	
  Early	
  Warning	
  System	
  Network	
  (FEWS	
  NET)	
  and	
  the	
  Vulnerability	
  Analysis	
  
Mapping	
  from	
  the	
  World	
  Food	
  Program	
  (VAM).	
  

Box 1: Vulnerability Measurements in Development Economics 
Vulnerability as Expected 

Poverty (VEP) 
Vulnerability as low Expected 

Utility (VEU) 
Vulnerability as Uninsured 

Exposure to Risk (VER) 
Vulnerability is measured as the 
probability of being poor in the 
next time period. VEP models 
produce ‘headline’ vulnerability 
figures and offer conceptual 
consistency. They are straight-
forward to calculate and can be 
used to aggregate vulnerability 
measures across households. 
However, they do not account for 
the depth of expected poverty. 
This has been redressed using 
Foster-Greer-Thorbecke (FGT) 
poverty measures [44]. 

VEU is the difference between 
utility at the poverty line and 
expected utility of consumption 
and allows vulnerability to be 
decomposed into measurements 
of poverty, idiosyncratic risk (e.g. 
illness) and covariate risk (e.g. 
drought) [41]. VEU can be 
aggregated across households, 
but because measurements are in 
units of utility, it is difficult to 
interpret. In addition, the choice of 
the utility function strongly 
determines the results. 

Rather than being a measurement 
of vulnerability, VER is an ex post 
evaluation of welfare loss resulting 
from a shock. VER modeling is 
useful for identifying which risks 
are the primary causes of welfare 
loss and thus serve as an 
appropriate policy focus. 
However, VER is not predictive, 
positive and negative income 
shocks are assumed to have 
symmetric effects, and it does not 
produce a headline estimate. 

Box 2: Climate Indices Used to Identify Vulnerability 
Normalized Vegetation 

Difference Index 
Standardized Precipitation 

Index 
Water Requirement Satisfaction 

Index 

The NDVI is a measure of the 
photosynthetic capacity of 
vegetation based on satellite 
imagery, which is strongly 
correlated with crop yield [45-47]. 
NDVI products have been used 
for identifying food production 
trends, vulnerability hotspots [48] 
and recurrence of drought [49].  
Effort is ongoing to forecast NDVI 
values to improve early warning 
[e.g. 50, 51, 52, cit. in Funk and 
Brown, 2006].  

The SPI is a local, frequency-
based measure of precipitation 
levels [53-57]. Similarly, the 
standardized precipitation evapo-
transpiration index (SPEI), which 
standardizes the difference 
between precipitation and evapo-
transpiration, has been proposed 
to account for climate change 
[58]. It has notably been used to 
show the impact of climate on the 
risk of conflict [59]. Our 
methodology is based on the 
SPEI. 

WRSI is an indicator of crop 
performance, calculated as the 
ratio of actual seasonal evapo-
transpiration to seasonal crop 
water requirement [60] and can be 
computed regionally using remote 
sensing data [61, 62]. Our 
approach is similar to Jayanthi et 
al.’s probabilistic examination of 
the relationship between yield loss 
and WRSI [63]; although we 
substitute individual consumption 
for yield and SPEI for WRSI. 
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RESILIENCE ASSESSMENT AND DYNAMIC POVERTY TRAPS  
Barrett	
  and	
  Constas	
  [13]	
  offer	
  a	
  simple	
  theoretical	
  framework	
  for	
  thinking	
  about	
  resilience,	
  which	
  is	
  a	
  
stepping	
  stone	
  for	
  designing	
  a	
  measurement	
  strategy.	
  They	
  order	
  household	
  well-­‐being	
  in	
  three	
  zones:	
  
humanitarian	
  emergency	
  zone,	
  chronic	
  poverty	
  zone,	
  and	
  non-­‐poor	
  zone.	
  Although	
  they	
  do	
  not	
  provide	
  an	
  
explicit	
  resilience	
  index,	
  they	
  suggest	
  that	
  “such	
  an	
  approach	
  would	
  represent	
  an	
  intertemporal	
  and	
  
probabilistic	
  extension	
  of	
  the	
  workhorse	
  Foster–Greer–Thorbecke	
  poverty	
  measure	
  to	
  take	
  into	
  account	
  
the	
  predictable	
  path	
  dynamics	
  of	
  well-­‐being”.	
  We	
  follow	
  their	
  hint	
  for	
  designing	
  our	
  resilience	
  index.	
  
	
  
Alinovi	
  et	
  al.	
  [31]	
  combine	
  the	
  resilience	
  and	
  livelihood	
  approaches	
  to	
  produce	
  resilience	
  estimates	
  at	
  the	
  
household	
  level.	
  Their	
  method	
  provides	
  estimates	
  of	
  the	
  determinants	
  of	
  resilience	
  in	
  different	
  livelihood	
  
groups	
  and	
  regions,	
  allowing	
  for	
  estimation	
  of	
  resilience	
  inequality	
  and	
  permitting	
  easy	
  aggregations.	
  The	
  
approach	
  has	
  been	
  well-­‐received2.	
  Béné	
  [64]	
  introduces	
  a	
  measure	
  of	
  resilience	
  that	
  is	
  the	
  sum	
  of	
  
anticipation,	
  impact	
  and	
  recovery	
  costs	
  related	
  to	
  a	
  shock.	
  The	
  lower	
  the	
  cost,	
  the	
  more	
  resilient	
  the	
  
household.	
  The	
  article	
  explores	
  an	
  interesting	
  path	
  and	
  provides	
  a	
  good	
  overview	
  of	
  the	
  challenges	
  
involved	
  in	
  measuring	
  resilience.	
  Di	
  Falco	
  and	
  Chavas	
  [65]	
  conducted	
  an	
  analysis	
  of	
  the	
  link	
  between	
  
biodiversity	
  and	
  resilience	
  to	
  rainfall	
  shocks	
  at	
  the	
  farm	
  level	
  with	
  a	
  panel	
  dataset	
  in	
  Southern	
  Italy.	
  
Although	
  they	
  do	
  not	
  aim	
  at	
  giving	
  a	
  metric	
  of	
  resilience,	
  they	
  are	
  able	
  to	
  simulate	
  production	
  dynamics	
  
according	
  to	
  different	
  rainfall	
  reduction	
  scenarios	
  and	
  biodiversity	
  changes.	
  	
  
	
  
Other	
  approaches	
  could	
  prove	
  particularly	
  useful	
  for	
  examining	
  resilience,	
  notably	
  the	
  chronic	
  poverty	
  and	
  
the	
  asset-­‐based	
  poverty	
  trap	
  literature.	
  From	
  these	
  traditions,	
  Carter	
  and	
  Barrett	
  [66]	
  list	
  four	
  generations	
  
of	
  poverty	
  measures.	
  The	
  first	
  is	
  a	
  static	
  poverty	
  measure	
  based	
  on	
  income	
  or	
  expenditure,	
  such	
  as	
  a	
  
poverty	
  line	
  with	
  the	
  FGT	
  poverty	
  measures	
  [44].	
  The	
  second	
  is	
  a	
  dynamic	
  extension	
  in	
  which	
  the	
  poor	
  are	
  
divided	
  into	
  chronically	
  poor	
  and	
  transitorily	
  poor.	
  The	
  third	
  and	
  fourth	
  seek	
  to	
  explain	
  why	
  transitions	
  in	
  
and	
  out	
  of	
  poverty	
  happen.	
  The	
  static	
  version	
  is	
  set	
  at	
  the	
  level	
  of	
  productive	
  assets,	
  distinguishing	
  the	
  
structurally	
  poor,	
  who	
  do	
  not	
  hold	
  a	
  sufficient	
  stock	
  of	
  assets,	
  from	
  the	
  stochastically	
  poor,	
  who	
  hold	
  
enough	
  assets	
  but	
  experience	
  a	
  spell	
  of	
  poverty	
  due	
  to	
  bad	
  luck.	
  The	
  dynamic	
  asset	
  poverty	
  line	
  seeks	
  to	
  
identify	
  long-­‐term	
  dynamics	
  that	
  distinguish	
  between	
  households	
  above	
  an	
  ‘asset	
  threshold,’	
  who	
  are	
  
likely	
  to	
  accumulate	
  assets	
  and	
  become	
  structurally	
  non-­‐poor,	
  and	
  those	
  who	
  are	
  stuck	
  in	
  a	
  long-­‐term	
  
‘structural	
  poverty	
  trap’	
  due	
  to	
  a	
  low-­‐level	
  equilibrium	
  of	
  asset	
  holdings	
  [67-­‐69].	
  The	
  evidence	
  on	
  the	
  
existence	
  of	
  such	
  asset-­‐based	
  poverty	
  traps	
  are	
  mixed	
  [67,	
  70,	
  71],	
  but	
  its	
  focus	
  on	
  welfare	
  dynamics	
  
(described	
  by	
  Barrett	
  and	
  Carter,	
  2013	
  as	
  basins	
  of	
  attraction,	
  following	
  the	
  resilience	
  terminology)	
  offers	
  
an	
  elegant	
  intellectual	
  canvas	
  for	
  thinking	
  about	
  resilience.	
  
	
  
	
    

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2 The	
  WFP	
  and	
  partners	
  under	
  the	
  Resilience	
  Strategic	
  Partnership	
  are	
  also	
  conducting	
  an	
  analysis	
  along	
  the	
  lines	
  of	
  Alinovi	
  et	
  al	
  
(2008,	
  2010)	
  in	
  Karamoja,	
  Kenya.	
  Steve	
  Gale	
  and	
  Kendall	
  E.	
  Nygard	
  have	
  also	
  proposed	
  a	
  measurement	
  strategy	
  very	
  similar	
  to	
  
that	
  of	
  Alinovi	
  et	
  al. 
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DESIRABLE PROPERTIES OF A RESILIENCE ESTIMATION FRAMEWORK 
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Box	
  3	
  summarizes	
  the	
  key	
  desirable	
  properties	
  of	
  a	
  general	
  resilience	
  framework	
  in	
  terms	
  of	
  data	
  
collection,	
  estimation,	
  measurement	
  and	
  theory	
  of	
  change.	
  
	
  
Because	
  the	
  resilience	
  concept	
  is	
  dynamic,	
  it	
  is	
  important	
  to	
  work	
  with	
  panel	
  data.	
  Data	
  collection	
  timing	
  
and	
  duration	
  should	
  reflect	
  the	
  fact	
  that	
  outcomes	
  at	
  different	
  levels	
  (individuals,	
  households,	
  
communities,	
  regions,	
  etc.)	
  change	
  at	
  varying	
  rates,	
  with	
  larger	
  scale	
  units	
  typically	
  adapting	
  more	
  slowly	
  
than	
  small	
  scale	
  units	
  (FSIN,	
  2014).	
  	
  
	
  
Given	
  the	
  complexity	
  of	
  the	
  resilience	
  concept,	
  only	
  collaboration	
  between	
  various	
  academic	
  fields	
  and	
  
practitioners,	
  as	
  exhibited	
  by	
  the	
  FEWS	
  NET	
  program,	
  is	
  likely	
  to	
  bear	
  fruitful	
  results.	
  We	
  will	
  combine	
  the	
  
indices	
  developed	
  in	
  the	
  hazard	
  literature	
  for	
  measuring	
  climate	
  risk	
  with	
  the	
  panel	
  data	
  generated	
  by	
  
development	
  economists.	
  The	
  FGT	
  poverty	
  measure	
  is	
  the	
  best	
  starting	
  point	
  for	
  coherent	
  vulnerability	
  
and	
  resilience	
  indices	
  [13]	
  while	
  the	
  work	
  of	
  Jayanthi	
  et	
  al.	
  [63]and	
  Tonini	
  et	
  al.	
  [49]	
  in	
  the	
  hazard	
  
literature	
  are	
  very	
  relevant	
  from	
  an	
  estimation	
  point	
  of	
  view.	
  The	
  asset-­‐based	
  dynamic	
  poverty	
  trap	
  
literature	
  offers	
  an	
  appropriate	
  theoretical	
  framework	
  to	
  interpret	
  the	
  results.	
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Box 3: Axiomatic Properties of Resilience Measurement 
Resilience 

measurement axioms 
Meaning 

Multi-scale Various units of analysis are possible (individuals, households, communities, 
regions, etc.) [14, 64], allowing for the disaggregation of resilience scores at 
different levels and at different frequencies.   

Multi-dimensional Analysis of various types of shocks (droughts, excessive rainfall, price spike 
etc.) is possible. 

Flexible The heterogeneity of response capacities can be taken into account. 

Welfare oriented Bouncing back to the original level should not be necessarily desirable, 
particularly if the initial condition was a state of poverty. 

Dynamic The model should capture the dynamics of well-being. 

Risk Sensitive An increase in risk should decrease resilience. 

Clearly communicable The framework and the metric should be intuitive. 

Scale invariant Comparison across countries should be possible while nominal changes in the 
well-being measure shouldn’t affect the measure. 

Cardinality The measure should not only allow ranking of individuals in terms of resilience, 
but should allow statements regarding how much they are more or less 
resilient. 

Orthogonality  The measure should be independent of measures of other dimensions of 
wellbeing, allowing valid estimates and tests of impacts on resilience, as well 
as testing of the relationship between resilience, poverty and vulnerability.  

Not circular There is a danger of falling into a circular argument by choosing the 
components of resilience a priori and then asserting that these components 
build resilience without testing it [64]. 

Holistic The mutual interaction between economic and environmental wellbeing should 
be modeled. Constas and Barrett (2014) propose a framework to account for 
complex interactions among conditions, attributes, processes and 
disturbances. However, considering the environment as an exogenous variable 
is a valuable second best strategy and might align well with donors’ needs. 
This is the road we have chosen for the intermediary report. 
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III. METHODOLOGY AND DATA 
Although	
  the	
  resilience	
  measurement	
  methodology	
  of	
  Alinovi	
  et	
  al	
  (2010)	
  is	
  currently	
  quite	
  popular,	
  it	
  
does	
  not	
  fit	
  the	
  needs	
  of	
  our	
  project,	
  as	
  it	
  measures	
  resilience	
  in	
  general	
  rather	
  than	
  resilience	
  to	
  specific	
  
shocks	
  in	
  particular	
  (e.g.	
  weather	
  shocks	
  or	
  price	
  spikes).	
  For	
  these	
  reasons	
  and	
  others,	
  we	
  have	
  chosen	
  to	
  
develop	
  a	
  new	
  methodology.	
  
	
  
Our	
  starting	
  point	
  is	
  the	
  relationship	
  between	
  hazard	
  (we	
  proxy	
  climate	
  with	
  SPEI,	
  Vincente-­‐Serrano	
  et	
  al.	
  
2010)	
  and	
  wellbeing	
  (which	
  we	
  proxy	
  with	
  individual	
  consumption),	
  which	
  can	
  be	
  summarized	
  in	
  a	
  
vulnerability	
  and	
  resilience	
  index.	
  We	
  can	
  then	
  seek	
  to	
  identify	
  the	
  determinants	
  of	
  resilience:	
  the	
  types	
  of	
  
assets	
  and	
  livelihood	
  strategies	
  that	
  increase	
  individual,	
  household	
  or	
  community	
  resilience.	
  In	
  addition	
  to	
  
distinguishing	
  between	
  different	
  kinds	
  of	
  shocks,	
  our	
  methodology	
  provides	
  comprehensive	
  estimates	
  of	
  
vulnerability	
  and	
  resilience.	
  We	
  can	
  hence	
  test	
  whether	
  vulnerability	
  and	
  resilience	
  differ	
  empirically.	
  We	
  
can	
  also	
  test	
  whether	
  a	
  development	
  intervention	
  has	
  a	
  greater	
  effect	
  on	
  vulnerability	
  or	
  resilience,	
  or	
  an	
  
equal	
  effect	
  on	
  both.	
  The	
  properties	
  and	
  meaning	
  of	
  our	
  index	
  are	
  clear,	
  intuitive,	
  and	
  easily	
  
communicable,	
  as	
  they	
  are	
  based	
  on	
  the	
  Foster-­‐Greek-­‐Thornbeck	
  class	
  of	
  poverty	
  measures	
  [44]	
  as	
  hinted	
  
at	
  by	
  Barrett	
  and	
  Constas	
  [13].	
  The	
  methodology	
  is	
  flexible	
  and	
  can	
  be	
  applied	
  at	
  different	
  scales	
  
(individual,	
  household,	
  community,	
  region,	
  etc.),	
  with	
  different	
  well-­‐being	
  measures	
  (consumption,	
  
income,	
  food	
  consumption,	
  child	
  nutrition,	
  local	
  economic	
  activity,	
  etc.)	
  and	
  for	
  different	
  shocks	
  (climate	
  
changes,	
  price	
  spikes,	
  etc.).	
  
	
  
THE CLIMATE-CONSUMPTION MODEL 
The	
  model	
  is	
  built	
  around	
  SPEI,	
  a	
  measure	
  of	
  the	
  net	
  balance	
  of	
  water	
  in	
  the	
  ecological	
  system,	
  i.e.	
  the	
  
difference	
  between	
  precipitation	
  and	
  evapotranspiration.	
  Although	
  it	
  can	
  be	
  computed	
  at	
  any	
  resolution	
  
and	
  frequency,	
  the	
  available	
  data	
  are	
  at	
  a	
  monthly	
  frequency	
  with	
  a	
  resolution	
  of	
  0.5	
  degrees	
  
(approximately	
  50	
  sq.	
  km).	
  	
  See	
  Table	
  1	
  for	
  the	
  interpretation	
  of	
  SPEI	
  values.	
  
	
  

Table 1: SPEI Interpretation 
Meaning SPEI values Expected to occur every: 

exceptionally moist SPEI >= 2.0 44 years or more rarely 
extremely moist 1.60 <= SPEI < 1.99 32 years 
very moist 1 <= SPEI < 1.59 10 years 
moderately moist 0.51 <= SPEI < 0.99 7 years 
near normal -0.50 <= SPEI <= 0.50 2.5 years 
moderately dry -0.99< SPEI<-0.51 7 years  
severely dry -1.59 <= SPEI < -1 10 years 
extremely dry -1.99 <= SPEI < -1.60 32 years 
exceptionally dry SPEI <= -2.0 44 years or more rarely 
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We	
  define	
  weather	
  sensitivity	
  as	
  the	
  amount	
  of	
  change	
  in	
  consumption	
  caused	
  by	
  a	
  given	
  deviation	
  from	
  
normal	
  weather	
  conditions	
  and	
  climate	
  exposure	
  as	
  the	
  range	
  and	
  relative	
  likelihood	
  of	
  all	
  possible	
  
consumption	
  scenarios	
  for	
  a	
  given	
  individual.	
  The	
  use	
  of	
  SPEI	
  (or	
  any	
  other	
  standardized	
  measure)	
  3	
  offers	
  
a	
  direct	
  way	
  to	
  probe	
  both	
  climate	
  sensitivity	
  and	
  exposure4.	
  As	
  it	
  is	
  comparable	
  across	
  space	
  and	
  time,	
  we	
  
can	
  compare	
  the	
  climate	
  sensitivity	
  of	
  individuals	
  living	
  under	
  different	
  climates.	
  We	
  can	
  also	
  recover	
  
climate	
  exposure,	
  i.e.	
  we	
  can	
  get	
  a	
  complete	
  picture	
  of	
  the	
  likely	
  variation	
  of	
  consumption	
  according	
  to	
  
local	
  climate.	
  	
  See	
  Box	
  4	
  for	
  more	
  details	
  on	
  the	
  climate	
  consumption	
  model.	
  
	
  

Box 4: The Climate-Consumption Model 
In	
  plot	
  a,	
  the	
  relationship	
  between	
  an	
  
individual’s	
  consumption	
  (vertical	
  axis)	
  and	
  
climate	
  (horizontal	
  axis)	
  is	
  plotted	
  with	
  a	
  
thick	
  black	
  line.	
  Each	
  point	
  on	
  the	
  thick	
  
black	
  line	
  is	
  a	
  climate-­‐consumption	
  
scenario:	
  for	
  a	
  given	
  SPEI	
  value,	
  there	
  is	
  a	
  
corresponding	
  expected	
  consumption	
  
level:	
  low	
  consumption	
  in	
  cases	
  of	
  excess	
  
moisture	
  (excessive	
  rainfall,	
  flood)	
  and	
  
dryness	
  (drought)	
  and	
  high	
  consumption	
  in	
  
normal	
  conditions.	
  	
  The	
  likelihood	
  of	
  each	
  SPEI	
  value	
  is	
  superimposed	
  with	
  the	
  grey	
  dashed	
  line.	
  It	
  shows,	
  for	
  
instance,	
  that	
  zero	
  (denoting	
  normal	
  weather	
  conditions)	
  is	
  the	
  most	
  likely	
  SPEI	
  value.	
  The	
  climate-­‐consumption	
  
scenarios	
  can	
  be	
  weighted	
  according	
  to	
  the	
  likelihood	
  of	
  the	
  corresponding	
  SPEI	
  values:	
  the	
  resulting	
  climate	
  
exposure	
  is	
  on	
  shown	
  on	
  plot	
  b	
  where	
  consumption	
  level	
  in	
  t+1	
  is	
  on	
  the	
  horizontal	
  axis	
  and	
  the	
  likelihood	
  of	
  each	
  
consumption	
  level	
  in	
  t+1	
  is	
  on	
  the	
  vertical	
  axis.	
  A	
  high	
  bar	
  at	
  a	
  given	
  consumption	
  level	
  means	
  that	
  the	
  given	
  level	
  
is	
  more	
  likely.	
  The	
  asymmetry	
  implies	
  that	
  there	
  are	
  important	
  downside	
  risks.	
  

 
 
VULNERABILITY AND RESILIENCE INDICES 
Once	
  the	
  relationship	
  between	
  climate	
  and	
  consumption	
  is	
  clearly	
  established,	
  we	
  can	
  summarize	
  weather	
  
sensitivity	
  and	
  climate	
  exposure	
  with	
  3	
  indices:	
  the	
  weather	
  vulnerability	
  index	
  summarizes	
  weather	
  
sensitivity,	
  the	
  climate	
  vulnerability	
  index	
  summarizes	
  climate	
  exposure	
  and	
  the	
  weather	
  resilience	
  index	
  
summarizes	
  the	
  recovery	
  path	
  after	
  a	
  given	
  weather	
  shock.	
  
	
  
The	
  weather	
  vulnerability	
  index	
  is	
  part	
  of	
  the	
  class	
  of	
  Foster–Greer–Thorbecke	
  (FGT)	
  poverty	
  measures.	
  	
  A	
  
number	
  of	
  authors	
  have	
  used	
  expected	
  FGT	
  measures	
  as	
  a	
  vulnerability	
  index	
  [23,	
  37,	
  41,	
  72,	
  73],	
  i.e.	
  as	
  an	
  
ex	
  ante	
  forecast	
  of	
  poverty.	
  We	
  follow	
  a	
  similar	
  approach,	
  choosing	
  one	
  of	
  the	
  FGT	
  measure,	
  the	
  expected	
  
poverty	
  gap.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3	
  Although	
  the	
  Standardized	
  Precipitation	
  Index	
  (SPI)	
  is	
  also	
  normally	
  distributed,	
  we	
  prefer	
  the	
  SPEI	
  because	
  of	
  the	
  important	
  role	
  
that	
  evapotranspiration	
  can	
  play	
  in	
  determining	
  water	
  availability	
  for	
  agriculture.	
  

4	
  While	
  climate	
  sensitivity	
  denotes	
  how	
  much	
  consumption	
  changes	
  as	
  a	
  result	
  of	
  a	
  given	
  change	
  in	
  SPEI,	
  climate	
  exposure	
  
depends	
  on	
  the	
  relative	
  likelihood	
  and	
  dispersion	
  of	
  each	
  weather-­‐consumption	
  scenario. 
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To	
  construct	
  the	
  weather-­‐vulnerability	
  index,	
  we	
  subtract	
  the	
  expected	
  poverty	
  gap	
  under	
  adverse	
  
weather	
  conditions	
  from	
  the	
  expected	
  poverty	
  gap	
  under	
  normal	
  conditions.	
  We	
  obtain	
  hence	
  the	
  
expected	
  poverty	
  gap	
  caused	
  by	
  adverse	
  weather	
  conditions.	
  The	
  index	
  can	
  be	
  fitted	
  to	
  drought	
  or	
  flood	
  of	
  
various	
  magnitudes	
  (e.g.	
  a	
  drought	
  with	
  a	
  magnitude	
  expected	
  to	
  occur	
  every	
  five,	
  ten	
  or	
  twenty	
  years).	
  
See	
  Box	
  5	
  for	
  an	
  example	
  where	
  the	
  index	
  is	
  fitted	
  to	
  drought.	
  	
  
	
  
A	
  drought-­‐vulnerability	
  of	
  10%	
  means	
  that	
  expected	
  poverty	
  will	
  increase	
  by	
  10%	
  in	
  case	
  of	
  a	
  drought.	
  It	
  
can	
  hence	
  be	
  used	
  for	
  contingency	
  planning.	
  	
  
	
  

Box 5: Weather Vulnerability Index Fitted to Drought: The Drought Induced 
Poverty Gap 

Consumption	
  is	
  plotted	
  on	
  the	
  vertical	
  axis	
  and	
  SPEI	
  on	
  the	
  horizontal	
  axis.	
  In	
  plot	
  a,	
  we	
  represent	
  an	
  individual	
  
who	
  is	
  not	
  very	
  sensitive	
  to	
  weather:	
  consumption	
  remains	
  above	
  the	
  poverty	
  line	
  at	
  all	
  levels	
  of	
  the	
  SPEI	
  and	
  the	
  
climate	
  consumption	
  line	
  is	
  quite	
  flat,	
  i.e.	
  it	
  doesn’t	
  vary	
  with	
  SPEI.	
  In	
  plot	
  b,	
  we	
  represent	
  an	
  individual	
  more	
  
sensitive	
  to	
  weather:	
  her	
  climate-­‐consumption	
  line	
  is	
  more	
  curved	
  so	
  that	
  a	
  slight	
  deviation	
  from	
  normal	
  
conditions	
  causes	
  important	
  drop	
  in	
  consumption.	
  The	
  drought-­‐induced	
  poverty	
  gap	
  is	
  the	
  difference	
  between	
  the	
  
poverty	
  line	
  and	
  consumption	
  levels	
  during	
  a	
  drought.	
  Finally,	
  in	
  plot	
  c,	
  we	
  represent	
  an	
  individual	
  whose	
  
consumption	
  is	
  always	
  below	
  the	
  poverty	
  line.	
  In	
  this	
  case,	
  the	
  drought-­‐induced	
  poverty	
  gap	
  is	
  the	
  difference	
  
between	
  the	
  individual’s	
  maximum	
  consumption	
  under	
  normal	
  conditions	
  and	
  that	
  in	
  drought	
  conditions.	
  
 
The	
  second	
  index	
  is	
  the	
  climate	
  vulnerability	
  index	
  (Box	
  6),	
  which	
  expands	
  the	
  focus	
  from	
  one	
  particular	
  
weather	
  shock	
  to	
  consider	
  overall	
  climate	
  exposure.	
  The	
  risk	
  correction	
  is	
  conducted	
  by	
  subtracting	
  the	
  
risk	
  premium	
  (the	
  price	
  one	
  would	
  be	
  willing	
  to	
  pay	
  to	
  get	
  rid	
  of	
  climate	
  risk)	
  from	
  expected	
  consumption.	
  
As	
  this	
  price	
  depends	
  on	
  the	
  individual’s	
  level	
  of	
  risk	
  aversion,	
  we	
  will	
  present	
  the	
  index	
  under	
  two	
  
different	
  assumptions:	
  either	
  risk	
  neutrality	
  or	
  risk	
  aversion,	
  using	
  risk	
  aversion	
  estimates	
  provided	
  in	
  the	
  
behavioral	
  economics	
  literature[74].	
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This	
  index	
  is	
  also	
  expressed	
  as	
  a	
  percentage	
  of	
  the	
  poverty	
  line.	
  A	
  score	
  of	
  10%	
  means	
  that	
  climate	
  risk	
  
increases	
  poverty	
  by	
  10%	
  of	
  the	
  poverty	
  line.	
  It	
  could	
  be	
  used	
  as	
  a	
  budgeting	
  tool.	
  Indeed,	
  it	
  can	
  be	
  
interpreted	
  as	
  the	
  upper-­‐bound	
  of	
  development	
  spending	
  aimed	
  at	
  reducing	
  climate	
  risk	
  of	
  vulnerable	
  
households:	
  a	
  score	
  of	
  10%	
  meaning	
  that	
  no	
  more	
  than	
  10%	
  of	
  the	
  poverty	
  line	
  should	
  be	
  invested	
  per	
  
individual.	
  
	
  

Box 6: Climate Vulnerability Index 
Consumption	
  is	
  represented	
  on	
  the	
  
horizontal	
  axis	
  and	
  the	
  likelihood	
  of	
  
each	
  consumption	
  level	
  is	
  
represented	
  on	
  the	
  vertical	
  axis.	
  
The	
  grey	
  line	
  marks	
  the	
  average	
  
expected	
  consumption	
  in	
  the	
  next	
  
season,	
  which	
  is	
  above	
  the	
  poverty	
  
line.	
  To	
  risk-­‐adjust	
  the	
  expected	
  
consumption,	
  we	
  subtract	
  the	
  risk	
  
premium	
  (the	
  price	
  a	
  moderately	
  
risk	
  averse	
  individual	
  would	
  be	
  
ready	
  to	
  pay	
  to	
  get	
  rid	
  of	
  climate	
  
risk),	
  as	
  represented	
  by	
  the	
  blue	
  
arrow.	
  The	
  thick	
  black	
  line	
  thus	
  
represents	
  expected	
  consumption	
  
corrected	
  for	
  risk,	
  which	
  is	
  below	
  
the	
  poverty	
  line.	
  The	
  climate	
  
vulnerability	
  score	
  is	
  the	
  difference	
  
between	
  the	
  expected	
  
consumption	
  corrected	
  for	
  risk	
  and	
  
the	
  poverty	
  line	
  and	
  is	
  represented	
  
in	
  the	
  figure	
  by	
  the	
  black	
  arrow.	
  	
  
The	
  idea	
  behind	
  this	
  index	
  is	
  that	
  if	
  an	
  individual	
  were	
  able	
  to	
  insure	
  himself	
  against	
  climate	
  risk,	
  the	
  cost	
  he	
  would	
  
incur	
  by	
  purchasing	
  the	
  insurance	
  (the	
  implicit	
  cost	
  of	
  climate	
  risk)	
  would	
  push	
  him	
  below	
  the	
  poverty	
  line,	
  the	
  
extent	
  to	
  which	
  is	
  measured	
  by	
  the	
  climate-­‐induced	
  poverty	
  gap. 
	
  
	
  
	
   	
  

Li
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The	
  weather	
  resilience	
  index	
  (Box	
  7)	
  is	
  based	
  on	
  the	
  insight	
  that	
  more	
  resilient	
  individuals	
  rebound	
  more	
  
quickly	
  after	
  a	
  shock.	
  It	
  measures	
  the	
  average	
  speed	
  of	
  recovery	
  per	
  year.	
  Again,	
  it	
  can	
  be	
  fitted	
  to	
  drought	
  
or	
  flood	
  of	
  various	
  magnitudes.	
  It	
  is	
  also	
  expressed	
  as	
  a	
  percent	
  of	
  the	
  poverty	
  line:	
  a	
  score	
  of	
  50%	
  means	
  
that	
  the	
  individual	
  recovers	
  50%	
  of	
  the	
  weather-­‐induced	
  poverty	
  in	
  each	
  period.	
  Policy	
  makers	
  can	
  use	
  this	
  
index	
  to	
  identify	
  which	
  populations	
  are	
  likely	
  to	
  need	
  support	
  over	
  an	
  extended	
  period	
  and	
  which	
  
populations	
  have	
  the	
  capacity	
  to	
  recover	
  on	
  their	
  own.	
  The	
  index	
  can	
  help	
  to	
  improve	
  allocation	
  decisions	
  
using	
  a	
  longer	
  timeframe.	
  	
  
	
  
Note	
  that	
  vulnerability	
  is	
  a	
  function	
  of	
  ex-­‐ante	
  risk	
  mitigating	
  strategies	
  while	
  resilience	
  is	
  a	
  function	
  of	
  ex-­‐
post	
  risk	
  coping	
  capacities.	
  Thus,	
  while	
  risk	
  mitigating	
  strategies	
  decrease	
  vulnerability,	
  risk	
  coping	
  
strategies	
  increase	
  resilience.	
  As	
  individual	
  varies	
  in	
  terms	
  of	
  risk	
  mitigation	
  and	
  risk	
  coping	
  strategies,	
  
some	
  individual	
  can	
  be	
  both	
  more	
  vulnerable	
  and	
  more	
  resilient	
  than	
  other.	
  See	
  Box	
  7	
  for	
  an	
  example.	
  	
  
	
  	
  	
  

Box 7: Resilience vs Vulnerability 

To	
  dispel	
  the	
  idea	
  that	
  resilience	
  is	
  
simply	
   the	
   inverse	
  of	
  vulnerability,	
  
we	
   explicitly	
   note	
   that	
   an	
  
individual	
   is	
   not	
   necessarily	
   both	
  
more	
   vulnerable	
   and	
   less	
   resilient	
  
than	
   another	
   individual.	
   An	
  
individual	
   can	
   be	
  more	
   vulnerable	
  
but	
   also	
   more	
   resilient,	
   and	
   vice	
  
versa.	
   Let	
   us	
   imagine	
   two	
  
Individuals	
  A	
  and	
  B,	
  confronted	
  by	
  
a	
   significant	
   drought.	
   Individual	
   A	
  
has	
  no	
   irrigation	
  and	
  thus	
   loses	
  all	
  
of	
  his	
  harvest.	
  

	
  
However,	
  he	
  has	
  a	
   large	
  network	
  of	
   friends	
  and	
   relatives	
  who	
  give	
  him	
  money	
   to	
  buy	
   seeds	
   for	
   the	
  next	
  
season,	
  so	
  that	
  he	
  is	
  back	
  on	
  his	
  feet	
  the	
  following	
  season.	
  Although	
  the	
  drought	
  had	
  a	
  large	
  impact	
  on	
  him,	
  
thanks	
  to	
  his	
  social	
  network,	
  which	
  acted	
  as	
  a	
  risk	
  coping	
  mechanism,	
  he	
  does	
  not	
  experience	
  long-­‐lasting	
  
effects.	
  By	
  contrast,	
  Individual	
  B	
  has	
  one	
  irrigated	
  plot	
  so	
  that	
  some	
  of	
  its	
  harvest	
  is	
  not	
  lost.	
  However,	
  she	
  is	
  
a	
   recent	
   immigrant	
   to	
   the	
  area	
  and	
  has	
   lost	
   touch	
  with	
  her	
   relatives.	
   She	
   can	
  only	
   count	
  on	
  herself	
   and,	
  
although	
  the	
  drought	
  did	
  not	
  knock	
  her	
  off	
  her	
  feet,	
  she	
  did	
  not	
  produce	
  enough	
  to	
  buy	
  seeds	
  for	
  the	
  next	
  
season.	
  It	
  will	
  take	
  her	
  a	
  few	
  more	
  seasons	
  to	
  be	
  back	
  on	
  her	
  feet.	
  

	
  
	
  
To	
  sum	
  up,	
  the	
  framework	
  satisfies	
  the	
  series	
  of	
  axioms	
  introduced	
  in	
  the	
  literature	
  review:	
  it	
  is	
  multi-­‐
scale,	
  multi-­‐dimensional,	
  welfare	
  oriented,	
  dynamic	
  (for	
  the	
  resilience	
  index),	
  risk	
  sensitive,	
  clearly	
  
communicable,	
  and,	
  as	
  will	
  be	
  demonstrated,	
  orthogonal.	
  Furthermore,	
  it	
  could	
  be	
  used	
  in	
  a	
  framework	
  
modeling	
  the	
  mutual	
  interaction	
  between	
  well-­‐being	
  and	
  the	
  environment.	
  See	
  Box	
  8	
  for	
  a	
  summary	
  and	
  	
  
	
  
Box	
  9	
  for	
  a	
  comprehensive	
  presentation	
  of	
  the	
  approach.	
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Box 8: Summary of Indices 
Name Description Policy use Expression 

Weather vulnerability 
Expected poverty 
gap due to a weather 
shock 

- Contingency planning 
- Early warning  

𝑉!,! 𝑠! = ∆!!𝐹𝐺𝑇!!! 

Climate vulnerability 
Decrease in welfare 
due to climate risk 

- Budgeting tool for 
intervention aimed at 
reducing climate risk of 
vulnerable people 

𝑉!,! =
𝑧 − 𝜇 + 𝑅𝑃

𝑧
−
𝑧 − 𝑐!
𝑧

 

Resilience to weather 
shocks 

Speed of recovery: 
average reduction in 
shock-induced 
poverty gap per 
period 

- Long term allocation 
between regions 
- Post shock recovery 
planning 
- Early warning  

𝑅 =
1
𝑇

∆!𝑉!,! 𝑠!!!

!"#

!!!

 

 
 

Box 9: A Comprehensive Framework for Vulnerability and Resilience 
We can combine the three indices into one general 
framework that could be used to measure 
vulnerability or resilience to all type of weather 
shocks, for instance a major drought or a major 
flood. 
 
We plot consumption over time as a function of 
weather conditions at time zero. The climate-
consumption function, with the familiar inverted U-
shape, flattens as time passes: current weather will 
not affect consumption in 10 years. We could 
measure flood-vulnerability index with the flood-
induced poverty gap (the first and longest double-
headed arrow) or excessive flood-resilience by 
computing the speed of recovery after the flood, 
i.e. the average decrease of the double-headed 
arrows per period. 

 
	
    

Poverty	
  line	
  

Flood-­‐induced	
  poverty	
  gap	
  

Consumption	
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DATA  
To	
  estimate	
  vulnerability	
  and	
  resilience	
  in	
  the	
  face	
  of	
  climatic	
  shocks,	
  we	
  employ	
  three	
  microeconomic	
  
panel	
  datasets	
  and	
  two	
  climate	
  datasets	
  available	
  from	
  Ethiopia.	
  	
  	
  	
  
	
  
The	
  microeconomic	
  panel	
  datasets	
  include:	
  the	
  Living	
  Standards	
  Measurement	
  Study	
  (LSMS,	
  2012,	
  a	
  
second	
  round	
  will	
  soon	
  be	
  made	
  available	
  by	
  the	
  World	
  Bank),	
  the	
  Ethiopian	
  Nile	
  Basin	
  Climate	
  Change	
  
Adaptation	
  Dataset	
  (ENBCCA,	
  2005,	
  2011)	
  and	
  the	
  Ethiopian	
  Rural	
  Household	
  Survey	
  (ERHS,	
  1994,	
  1999,	
  
2004,	
  2009).	
  The	
  geographic	
  coverage	
  and	
  sample	
  size	
  of	
  the	
  three	
  surveys	
  varies	
  (more	
  than	
  6,000	
  
households	
  in	
  total,	
  see	
  appendix	
  D	
  with	
  maps).	
  We	
  run	
  the	
  analysis	
  on	
  the	
  three	
  datasets	
  to	
  show	
  that	
  
the	
  results	
  are	
  replicable	
  across	
  settings	
  and	
  are	
  not	
  driven	
  by	
  statistical	
  flukes	
  or	
  measurement	
  errors.	
  	
  
	
  
The	
  definition	
  of	
  the	
  consumption	
  variable	
  differs	
  across	
  the	
  datasets:	
  the	
  ERHS	
  includes	
  a	
  variable	
  for	
  
food	
  consumption	
  in	
  the	
  past	
  week,	
  but	
  we	
  had	
  to	
  construct	
  a	
  consumption	
  variable	
  for	
  the	
  ENBCCA	
  and	
  
LSMS	
  datasets.	
  We	
  followed	
  Dercon	
  and	
  Krishnan	
  [75]	
  in	
  setting	
  the	
  poverty	
  line	
  according	
  to	
  the	
  cost-­‐of-­‐
basic-­‐needs	
  (2400	
  kcal	
  plus	
  essential	
  items),	
  at	
  50	
  birr	
  (1994	
  values)	
  per	
  adult,	
  with	
  a	
  resulting	
  food	
  
poverty	
  line	
  at	
  41.5	
  birr	
  (1994)	
  per	
  person	
  or	
  0.43	
  current	
  USD	
  per	
  person5.	
  Compared	
  to	
  the	
  much	
  higher	
  
1.25	
  USD	
  international	
  poverty	
  line,	
  the	
  cost	
  of	
  basic	
  need	
  approach	
  focuses	
  on	
  the	
  poorest	
  groups,	
  who	
  
are	
  most	
  likely	
  to	
  benefit	
  from	
  a	
  humanitarian	
  intervention	
  and	
  who	
  are	
  most	
  in	
  need	
  of	
  development	
  
policies.	
  
	
  
We	
  use	
  the	
  SPEI	
  from	
  the	
  peak	
  rainfall	
  period	
  as	
  our	
  main	
  hazard	
  variable.	
  Too	
  much	
  or	
  too	
  little	
  rain	
  in	
  
the	
  middle	
  of	
  the	
  rainy	
  season	
  can	
  have	
  a	
  large	
  impact	
  on	
  individuals’	
  wellbeing,	
  as	
  60	
  percent	
  of	
  their	
  
food	
  consumption	
  depends	
  on	
  their	
  own	
  production.	
  The	
  first	
  climate	
  dataset	
  is	
  the	
  SPEIbase	
  v.2.2,	
  
published	
  by	
  Beguería	
  and	
  Vicente	
  Serrano.	
  It	
  is	
  a	
  global	
  gridded	
  dataset	
  of	
  monthly	
  SPEI	
  values	
  with	
  a	
  
spatial	
  resolution	
  of	
  0.5°	
  lat/lon	
  and	
  temporal	
  coverage	
  between	
  January	
  1901	
  and	
  December	
  2011.	
  The	
  
second	
  dataset	
  is	
  the	
  CHIRPS	
  precipitation	
  dataset	
  used	
  to	
  identify	
  the	
  peak	
  rainfall	
  month	
  of	
  the	
  rainfall	
  
season	
  (see	
  map	
  3	
  in	
  the	
  Appendix	
  C).	
  We	
  match	
  both	
  datasets	
  with	
  households’	
  geographic	
  coordinates	
  
in	
  order	
  to	
  get	
  the	
  SPEI	
  values	
  of	
  the	
  peak	
  rainfall	
  month	
  for	
  each	
  individual.	
  Finally,	
  we	
  used	
  a	
  gridded	
  
dataset	
  from	
  IFPRI	
  to	
  identify	
  agro-­‐ecological	
  zones	
  used	
  as	
  the	
  second	
  explicative	
  variable	
  in	
  the	
  
regression.	
  
	
  
Taking	
  into	
  account	
  up	
  to	
  15-­‐year	
  lags,	
  the	
  SPEI	
  values	
  range	
  from	
  -­‐3.08	
  to	
  2.89.	
  This	
  dispersion	
  indicates	
  
that	
  surveyed	
  individuals	
  have	
  been	
  exposed	
  to	
  extreme	
  events,	
  whose	
  impact	
  we	
  should	
  be	
  able	
  to	
  map	
  
onto	
  the	
  individuals’	
  consumption.	
  Although	
  total	
  annual	
  precipitation	
  did	
  not	
  change	
  substantially	
  over	
  
the	
  period,	
  the	
  number	
  of	
  cumulative	
  dry	
  days	
  is	
  increasing	
  (see	
  Appendix	
  C).	
  This	
  implies	
  that	
  farmers	
  are	
  
exposed	
  to	
  longer	
  droughts	
  and	
  that,	
  when	
  rain	
  comes,	
  too	
  much	
  can	
  fall	
  at	
  once,	
  causing	
  floods,	
  
waterlogging,	
  or	
  washing	
  out	
  top	
  soils	
  and	
  running	
  downhill	
  without	
  replenishing	
  the	
  water	
  table.	
  
.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5	
  As	
  the	
  poverty	
  line	
  in	
  the	
  ERHS	
  takes	
  into	
  account	
  non-­‐food	
  expenditure,	
  we	
  reduce	
  the	
  poverty	
  line	
  by	
  a	
  further	
  
17%,	
  i.e.	
  the	
  share	
  of	
  expenditure	
  going	
  to	
  non-­‐food	
  items	
  among	
  the	
  poorer	
  half	
  of	
  the	
  sampled	
  households	
  in	
  1994	
  
(Dercon	
  and	
  Krishnan	
  1998),	
  in	
  order	
  to	
  get	
  the	
  food	
  poverty	
  line.	
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IV. PRELIMINARY RESULTS 
	
  
We	
  begin	
  by	
  probing	
  the	
  relationship	
  between	
  climate	
  and	
  consumption	
  with	
  non-­‐parametric	
  regressions.	
  
Each	
  dataset	
  conforms	
  to	
  the	
  hypothesized	
  inverted-­‐U	
  shape,	
  with	
  higher	
  consumption	
  under	
  normal	
  
conditions	
  and	
  lower	
  consumption	
  during	
  drier	
  and	
  wetter	
  periods.	
  We	
  therefore	
  choose	
  a	
  quadratic	
  
function	
  for	
  the	
  climate-­‐consumption	
  model,	
  and	
  we	
  estimate	
  it	
  with	
  ordinary	
  least	
  square	
  regressions	
  
(OLS,	
  in	
  Error!	
  Reference	
  source	
  not	
  found.).	
  Complete	
  regression	
  results	
  will	
  be	
  included	
  in	
  the	
  final	
  
report.	
  Note	
  that	
  we	
  use	
  the	
  term	
  “excessive	
  moisture”	
  and	
  “flood”	
  interchangeably	
  in	
  order	
  to	
  denote	
  
high	
  SPEI	
  values.	
  

Box 10: Climate Sensitivity of the Average Individual 
As	
  expected,	
  the	
  regression	
  results	
  show	
  that	
  
consumption	
  peaks	
  at	
  SPEI	
  values	
  near	
  normal	
  
conditions	
  in	
  all	
  datasets.	
  The	
  slight	
  asymmetry	
  suggests	
  
that	
  consumption	
  is	
  highest	
  during	
  slightly	
  drier	
  than	
  
normal	
  conditions,	
  and	
  that	
  the	
  average	
  Ethiopian	
  
individual	
  is	
  more	
  vulnerable	
  to	
  excessive	
  rainfall	
  than	
  
to	
  drought.	
  Note	
  that	
  the	
  teff	
  crop	
  is	
  highly	
  vulnerable	
  
to	
  heavy	
  rains,	
  which	
  lead	
  to	
  lodging	
  and	
  shattering	
  of	
  
the	
  mature	
  crop.	
  
	
  
To	
  push	
  the	
  average	
  individual	
  below	
  the	
  poverty	
  line,	
  
defined	
  as	
  2400	
  kcal	
  plus	
  essential	
  items,	
  it	
  would	
  take	
  a	
  
drought	
  of	
  a	
  magnitude	
  expected	
  to	
  occur	
  every	
  30	
  
years	
  (SPEI	
  =	
  -­‐1.8)	
  or	
  excessive	
  moisture	
  of	
  a	
  magnitude	
  
expected	
  to	
  occur	
  every	
  13	
  years	
  (SPEI=1.4). 

	
   	
   	
  
	
  

	
  

	
  
 
 
VULNERABILITY ACROSS AGRO-ECOLOGICAL ZONES 
Our	
  first	
  null	
  hypothesis	
  is	
  that	
  there	
  are	
  no	
  differences	
  in	
  weather-­‐vulnerability	
  nor	
  climate	
  vulnerability	
  
between	
  agro-­‐ecological	
  zones.	
  We	
  test	
  it	
  by	
  adding	
  a	
  set	
  of	
  indicator	
  variables	
  for	
  the	
  agro-­‐ecological	
  
zones	
  to	
  the	
  regression	
  and	
  interacting	
  it	
  with	
  the	
  SPEI	
  variables,	
  allowing	
  the	
  curvature	
  and	
  peak	
  to	
  vary	
  
between	
  agro-­‐ecological	
  zones.	
  Error!	
  Reference	
  source	
  not	
  found.	
  shows	
  the	
  results	
  obtained	
  with	
  all	
  the	
  
datasets	
  pooled	
  together.	
  We	
  do	
  find	
  strong	
  differences	
  between	
  agro-­‐ecological	
  zones	
  in	
  terms	
  of	
  the	
  
peak	
  consumption	
  location	
  and	
  curvature.	
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Figure 1: Climate Suitability and Sensitivity 

	
  
	
  

Optimal	
  consumption	
  is	
  rarely	
  reached	
  in	
  the	
  humid	
  zone	
  (only	
  in	
  drier-­‐than-­‐normal	
  conditions).	
  In	
  the	
  
lowland	
  sub-­‐humid	
  zone,	
  a	
  slight	
  deviation	
  from	
  normal	
  causes	
  a	
  sharp	
  drop	
  in	
  consumption	
  as	
  shown	
  by	
  
the	
  important	
  curvature.	
  	
  
	
  
The	
  result	
  for	
  both	
  zones	
  is	
  a	
  large	
  down-­‐side	
  risk,	
  as	
  represented	
  by	
  the	
  blue	
  and	
  red	
  bars	
  on	
  the	
  left-­‐
hand	
  side	
  of	
  the	
  poverty	
  line	
  in	
  

.	
  The	
  greater	
  risk	
  
of	
  being	
  below	
  the	
  poverty	
  line	
  pulls	
  down	
  average	
  expected	
  consumption.	
  In	
  other	
  words,	
  even	
  if	
  
consumption	
  during	
  normal	
  conditions	
  is	
  above	
  the	
  poverty	
  line,	
  individuals	
  that	
  face	
  greater	
  risk	
  have	
  
average	
  expected	
  consumption	
  below	
  the	
  poverty	
  line.	
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Figure 1: Climate Exposure: Consumption Scenarios According to Local Climate 
	
  

	
  
	
  
	
  
We	
  can	
  summarize	
  these	
  insights	
  using	
  the	
  vulnerability	
  indices	
  introduced	
  in	
  the	
  methodology	
  section.	
  
Table	
  2	
  shows	
  the	
  weather	
  vulnerability	
  index.	
  It	
  is	
  fitted	
  to	
  four	
  types	
  of	
  weather	
  shocks:	
  drought	
  and	
  
flood	
  with	
  a	
  magnitude	
  expected	
  to	
  occur	
  every	
  5	
  and	
  10	
  years.	
  	
  
	
  
We	
  can	
  see	
  that	
  individuals	
  in	
  the	
  lowland	
  sub-­‐humid	
  zone	
  are	
  the	
  most	
  vulnerable	
  to	
  drought:	
  a	
  drought	
  
expected	
  to	
  happen	
  every	
  10	
  years	
  would	
  push	
  the	
  average	
  individual	
  below	
  the	
  poverty	
  line	
  by	
  24	
  
percent.	
  Individuals	
  in	
  the	
  highland	
  humid	
  zones	
  are	
  most	
  vulnerable	
  to	
  excessive	
  moisture:	
  excessive	
  
moisture	
  expected	
  to	
  occur	
  every	
  5	
  years	
  would	
  increase	
  the	
  average	
  individual’s	
  poverty	
  by	
  40	
  percent.	
  
	
  

Table 2: Drought and Excessive Moisture Vulnerability Indices 
 Lowland subhumid Highland semiarid Highland humid 
Vulnerability to drought expected to 
occur every 10 years 

24% 
(12%, 36%) 

0 
(0, 0) 

0 
(0, 0) 

Vulnerability to drought expected to 
occur every 5 years 

0 
(0, 6) 

0 
(0, 0) 

0 
(0, 0) 

Vulnerability to excessive moisture 
expected to occur every 10 years 

73% 
(36%, 110%) 

0 
(0, 8) 

69% 
(45%, 88%) 

Vulnerability to excessive moisture 
expected to occur every 5 years 

30% 
(8%, 52%) 

0 
(0, 0) 

40% 
(26%, 48%) 

95%  confidence  interval  in  parentheses  
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Table	
  3	
  summarizes	
  the	
  climate	
  vulnerability	
  index:	
  the	
  exposure	
  to	
  overall	
  climatic	
  variation	
  (rather	
  than	
  
to	
  one	
  particular	
  weather	
  condition).	
  We	
  can	
  see	
  from	
  the	
  table	
  that	
  the	
  climate	
  vulnerability	
  index	
  for	
  the	
  
lowland	
  subhumid	
  zone	
  is	
  38	
  percent;	
  for	
  the	
  highland	
  subhumid	
  zone	
  it	
  is	
  22	
  percent.	
  This	
  means	
  that	
  
after	
  adjusting	
  for	
  the	
  implicit	
  cost	
  of	
  climate	
  risk,	
  poverty	
  increases	
  by	
  38	
  percent	
  in	
  the	
  lowland	
  
subhumid	
  zone	
  and	
  by	
  22	
  percent	
  in	
  the	
  highland	
  subhumid	
  zone.	
  	
  
	
  
The	
  policy	
  implication	
  is	
  that	
  development	
  spending	
  aimed	
  at	
  reducing	
  climate	
  risk	
  for	
  vulnerable	
  people	
  
should	
  not	
  exceed	
  38%	
  and	
  22%	
  of	
  the	
  poverty	
  line	
  per	
  individual	
  in	
  the	
  lowland	
  subhumid	
  and	
  highland	
  
humid	
  zones	
  respectively.	
  Note	
  that	
  a	
  policy	
  maker	
  who	
  is	
  risk	
  neutral	
  would	
  only	
  dedicate	
  25%	
  and	
  17%	
  
to	
  such	
  program	
  as	
  it	
  ignore	
  the	
  adverse	
  welfare	
  effect	
  of	
  risk	
  and	
  is	
  only	
  concerned	
  by	
  increasing	
  average	
  
expected	
  consumption.	
  	
  

Table 3: Climate vulnerability indices 
Climate vulnerability for a 

policy maker who is: Lowland subhumid Highland semiarid Highland humid 

risk averse 38% 
(9%, 89%) 

0 
(0, 0) 

22% 
(7, 34) 

risk neutral 25% 
(5, % 44%) 

0 
(0, 0) 

17% 
(5, 23) 

95% confidence interval in parentheses 
 
CLIMATE SENSITIVITY ACROSS CONSUMPTION QUARTILES 
We	
  now	
  test	
  whether	
  poverty	
  is	
  distinct	
  from	
  vulnerability	
  by	
  investigating	
  whether	
  there	
  are	
  differences	
  
between	
  consumption	
  quartiles	
  of	
  the	
  population	
  in	
  terms	
  of	
  weather	
  sensitivity.	
  The	
  null	
  hypothesis	
  is	
  
that	
  climate	
  sensitivity	
  does	
  not	
  vary	
  by	
  consumption	
  quartile:	
  a	
  given	
  deviation	
  from	
  normal	
  weather	
  
conditions	
  has	
  the	
  same	
  effect	
  on	
  the	
  consumption	
  of	
  all	
  socioeconomic	
  groups.	
  In	
  other	
  words,	
  the	
  null	
  
hypothesis	
  is	
  that	
  vulnerability	
  is	
  the	
  same	
  as	
  poverty.	
  We	
  test	
  this	
  hypothesis	
  by	
  estimating	
  the	
  model	
  
with	
  quantile	
  regressions,	
  which	
  allows	
  us	
  to	
  estimate	
  the	
  effect	
  of	
  SPEI	
  on	
  different	
  parts	
  of	
  the	
  
consumption	
  distribution.	
  We	
  have	
  chosen	
  to	
  compare	
  climate	
  sensitivity	
  between	
  individuals	
  at	
  the	
  1st	
  
quintile	
  of	
  the	
  consumption	
  distribution	
  (the	
  poorest	
  20%)6	
  and	
  those	
  at	
  the	
  median	
  level	
  and	
  the	
  top	
  
quintile	
  (the	
  richest	
  20%).	
  Results	
  are	
  plotted	
  in	
  	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
6	
  The	
  1st	
  quintile	
  is	
  often	
  used	
  in	
  the	
  literature	
  as	
  benchmark	
  for	
  poverty	
  (e.g.	
  Dollar	
  and	
  Kray,	
  2000).	
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Figure	
  2.	
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Figure 2: Differences between Consumption Quartiles 

	
  
	
  

We	
  see	
  immediately	
  that	
  climate-­‐consumption	
  profiles	
  differ	
  between	
  consumption	
  strata	
  and	
  hence	
  
reject	
  the	
  null	
  hypothesis.	
  First,	
  the	
  consumption	
  of	
  the	
  poorest	
  individuals	
  is	
  at	
  approximately	
  half	
  of	
  the	
  
poverty	
  line,	
  median	
  individuals’	
  consumption	
  is	
  below	
  the	
  poverty	
  line	
  even	
  under	
  normal	
  conditions,	
  and	
  
wealthy	
  individuals’	
  consumption	
  is	
  much	
  higher	
  than	
  the	
  poverty	
  line.	
  Second,	
  climate	
  sensitivity	
  
increases	
  with	
  consumption	
  strata:	
  the	
  reduced	
  curvature	
  shows	
  that	
  poorer	
  individuals	
  are	
  actually	
  less	
  
sensitive	
  to	
  climate	
  than	
  richer	
  ones.	
  A	
  possible	
  explanation	
  is	
  that	
  the	
  poorest	
  individuals	
  cannot	
  afford	
  to	
  
undertake	
  effective	
  ex-­‐post	
  risk	
  coping	
  strategies,	
  as	
  their	
  initial	
  alarmingly	
  low	
  levels	
  of	
  consumption	
  
cause	
  them	
  to	
  be	
  highly	
  risk	
  averse.	
  Thus,	
  they	
  are	
  forced	
  to	
  adopt	
  costly	
  ex-­‐ante	
  risk	
  mitigating	
  strategies	
  
to	
  stay	
  above	
  a	
  minimum	
  survival	
  line	
  (e.g.	
  adoption	
  of	
  low-­‐risk,	
  low	
  yield	
  strategies,	
  diversity	
  at	
  the	
  cost	
  
of	
  economies	
  of	
  scale,	
  etc.),	
  keeping	
  them	
  stuck	
  in	
  a	
  risk-­‐induced	
  poverty	
  trap.	
  Another	
  possibility	
  is	
  that	
  
wealthier	
  individuals	
  possess	
  more	
  climate	
  sensitive	
  assets	
  such	
  as	
  cattle	
  and	
  rain-­‐fed	
  arable	
  land,	
  so	
  they	
  
stand	
  to	
  lose	
  more	
  from	
  a	
  drought.	
   	
  



MEASURING CLIMATE RESILIENCE AND VULNERABILITY 
 
	
  

28	
  
 

RESILIENCE ACROSS AGRO-ECOLOGICAL ZONES 
We	
  begin	
  by	
  analyzing	
  the	
  impact	
  of	
  past	
  weather	
  events	
  on	
  consumption	
  with	
  a	
  non-­‐linear	
  distributed	
  lag	
  
model	
  estimated	
  with	
  an	
  OLS,	
  taking	
  into	
  account	
  the	
  whole	
  history	
  of	
  weather	
  conditions	
  up	
  to	
  15	
  years	
  
in	
  the	
  past.	
  Adopting	
  a	
  backward	
  perspective,	
  the	
  results	
  show	
  the	
  impact	
  on	
  current	
  consumption	
  of	
  
weather	
  conditions	
  fifteen	
  years	
  ago,	
  fourteen	
  years	
  ago,	
  thirteen	
  years	
  ago	
  etc.	
  up	
  to	
  present.	
  Adopting	
  a	
  
forward	
  perspective,	
  the	
  result	
  show	
  the	
  impact	
  of	
  current	
  weather	
  on	
  consumption	
  in	
  one	
  year	
  from	
  
now,	
  two	
  years	
  from	
  now,	
  three	
  years	
  from	
  now	
  etc.	
  up	
  to	
  fifteen	
  years	
  from	
  now.	
  We	
  present	
  the	
  results	
  
adopting	
  the	
  forward	
  perspective.	
  
	
  
We	
  plot	
  on	
  Figure	
  3	
  the	
  recovery	
  path	
  after	
  excessive	
  moisture	
  of	
  a	
  magnitude	
  expected	
  to	
  occur	
  every	
  10	
  
years	
  for	
  the	
  highlands	
  semiarid	
  and	
  highlands	
  subhumid	
  zones.	
  This	
  is	
  one	
  of	
  the	
  first	
  time	
  such	
  
consumption	
  recovery	
  path	
  has	
  been	
  empirically	
  estimated	
  (see	
  Di	
  Falco	
  and	
  Perring,	
  2006,	
  for	
  an	
  analysis	
  
of	
  production	
  recovery	
  path	
  with	
  another	
  methodology).	
  
	
  

Figure 3: Recovery Path after Excess Moisture of a Magnitude Expected to Occur 
Every 10 Years 

	
  
	
  
	
  
Both	
  zones	
  differ	
  markedly	
  in	
  terms	
  of	
  the	
  recovery	
  path	
  (Figure	
  3):	
  in	
  the	
  semiarid	
  zone,	
  the	
  shock	
  sends	
  
the	
  average	
  individual	
  on	
  a	
  low	
  course	
  trajectory	
  while,	
  in	
  the	
  subhumid	
  zone,	
  the	
  average	
  individual	
  
suffers	
  a	
  larger	
  initial	
  drop	
  but	
  is	
  able	
  to	
  recover	
  after	
  a	
  few	
  years.	
  These	
  insights	
  on	
  consumption	
  
dynamics	
  are	
  summarized	
  on	
  Table	
  4	
  using	
  the	
  resilience	
  index	
  introduced	
  in	
  the	
  methodology	
  section.	
  
	
  
The	
  individual	
  in	
  the	
  semi-­‐arid	
  zone	
  has	
  a	
  negative	
  excessive	
  moisture-­‐resilience,	
  -­‐1.31	
  percent,	
  meaning	
  
that	
  her	
  poverty	
  gap	
  increases	
  yearly	
  by	
  1.3	
  percent	
  after	
  a	
  shock.	
  In	
  the	
  highland	
  sub-­‐humid	
  zones,	
  the	
  
poverty	
  gap	
  caused	
  by	
  excessive	
  rainfall	
  will	
  diminish	
  by	
  8	
  percent	
  per	
  year.	
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Table 4: Excessive Moisture and Drought Resilience Indices 

 
Resilience to excessive moisture 
expected to occur every 10 years 

Resilience to drought expected to 
occur every 10 years 

Highlands semi-arid 
-1.31% 

(-1.39%, -1.57%) 
33.33% 

(9.55%, 100%) 

Highlands subhumid 
8.09% 

(7.98%, 8.43%) 
100% 

(100%,100%) 

	
  
We	
  also	
  computed	
  the	
  drought-­‐resilience	
  index	
  for	
  a	
  drought	
  of	
  a	
  magnitude	
  expected	
  to	
  occur	
  every	
  10	
  
years	
  (third	
  column	
  of	
  Table	
  4).	
  In	
  the	
  highlands	
  semi-­‐arid	
  zone,	
  the	
  poverty	
  gap	
  caused	
  by	
  the	
  drought	
  
decreases	
  by	
  33	
  percent	
  every	
  year,	
  so	
  this	
  individual	
  will	
  be	
  back	
  on	
  her	
  feet	
  after	
  3	
  years.	
  The	
  highland	
  
subhumid	
  zone	
  individual	
  is	
  fully	
  resilient:	
  she	
  has	
  fully	
  recovered	
  after	
  one	
  year.	
  
	
  
VULNERABILITY VERSUS RESILIENCE 
We	
  now	
  turn	
  to	
  demonstrating	
  the	
  difference	
  between	
  vulnerability	
  and	
  resilience	
  empirically.	
  The	
  null	
  
hypothesis	
  is	
  that	
  resilience	
  is	
  the	
  opposite	
  of	
  vulnerability:	
  a	
  resilient	
  individual	
  will	
  be	
  non-­‐vulnerable	
  
and	
  vice-­‐versa.	
  However,	
  as	
  argued	
  in	
  the	
  methodology	
  section,	
  differences	
  in	
  risk	
  management	
  strategies	
  
could	
  translate	
  into	
  heterogeneous	
  vulnerability	
  and	
  resilience	
  profiles7.	
  For	
  example,	
  while	
  pastoralists	
  
and	
  farmers	
  may	
  stand	
  to	
  lose	
  the	
  same	
  amount	
  from	
  a	
  drought,	
  farmers	
  might	
  rebound	
  more	
  quickly,	
  as	
  
they	
  can	
  sow	
  their	
  plots	
  again	
  in	
  the	
  next	
  season,	
  while	
  pastoralists	
  will	
  need	
  years	
  to	
  rebuild	
  their	
  
livestock.	
  	
  
	
  
	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
7 By “heterogeneous vulnerability and resilience profiles,” we mean that individuals can exhibit all possible combinations 
of vulnerability and resilience scores, e.g. high vulnerability with low resilience, high-vulnerability with high resilience, 
low vulnerability with high resilience etc. 
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In	
  	
  
	
  
Figure	
  5:	
  Consumption	
  in	
  Next	
  Year	
  and	
  in	
  15	
  Years	
  against	
  Current	
  Weather	
  Conditions	
  
,	
  the	
  left-­‐hand	
  side	
  graph	
  consumption	
  in	
  the	
  next	
  year	
  against	
  current	
  weather	
  conditions	
  and	
  the	
  right-­‐
hand	
  side	
  graph	
  shows	
  consumption	
  in	
  fifteen	
  years	
  against	
  current	
  weather	
  conditions.	
  	
  
	
  

Figure 5: Consumption in Next Year and in 15 Years against Current Weather 
Conditions 

	
  
	
  
	
  
In	
  the	
  highlands	
  sub-­‐humid	
  zone,	
  current	
  weather	
  conditions	
  strongly	
  affect	
  consumption	
  in	
  the	
  next	
  year,	
  
as	
  shown	
  by	
  the	
  curvature	
  of	
  the	
  climate-­‐consumption	
  line	
  in	
  the	
  left-­‐hand	
  side	
  graph	
  of	
  	
  
	
  
Figure	
  5:	
  Consumption	
  in	
  Next	
  Year	
  and	
  in	
  15	
  Years	
  against	
  Current	
  Weather	
  Conditions	
  
.	
  In	
  other	
  terms,	
  the	
  individual	
  is	
  vulnerable.	
  However,	
  current	
  weather	
  conditions	
  have	
  virtually	
  no	
  effect	
  
on	
  consumption	
  in	
  fifteen	
  years	
  as	
  shown	
  by	
  the	
  slightly	
  U-­‐shaped	
  climate-­‐consumption	
  line	
  in	
  the	
  right-­‐
hand	
  side	
  graph	
  of	
  	
  
	
  
Figure	
  5:	
  Consumption	
  in	
  Next	
  Year	
  and	
  in	
  15	
  Years	
  against	
  Current	
  Weather	
  Conditions	
  
.	
  In	
  other	
  terms,	
  this	
  individual	
  is	
  vulnerable	
  and	
  resilient,	
  and	
  thus,	
  vulnerability	
  is	
  not	
  the	
  inverse	
  of	
  
resilience.	
  	
  
	
  
By	
  contrast,	
  current	
  weather	
  conditions	
  in	
  the	
  highland	
  semi-­‐arid	
  zone	
  have	
  only	
  a	
  small	
  effect	
  on	
  
consumption	
  next	
  year	
  as	
  shown	
  in	
  the	
  left-­‐hand	
  side	
  graph	
  of	
  	
  
	
  
Figure	
  5:	
  Consumption	
  in	
  Next	
  Year	
  and	
  in	
  15	
  Years	
  against	
  Current	
  Weather	
  Conditions	
  
:	
  the	
  climate	
  consumption	
  line	
  is	
  quite	
  flat.	
  As	
  time	
  passes,	
  the	
  effect	
  of	
  a	
  small	
  drought	
  or	
  flood	
  builds	
  up	
  
and	
  can	
  cause	
  consumption	
  to	
  decrease	
  to	
  below	
  the	
  poverty	
  line,	
  as	
  shown	
  by	
  the	
  climate-­‐consumption	
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line	
  which	
  is	
  more	
  curved.	
  	
  Highland	
  semi-­‐arid	
  zones	
  are	
  thus	
  not	
  vulnerable	
  and	
  not	
  resilient.	
  The	
  same	
  
conclusion	
  applies:	
  vulnerability	
  is	
  not	
  the	
  inverse	
  of	
  resilience.	
  
	
  
This	
  is	
  made	
  particularly	
  clear	
  by	
  overlaying	
  both	
  plots	
  of	
  Figure	
  3	
  on	
  one	
  graph	
  (Figure	
  4).	
  The	
  average	
  
individual	
  in	
  the	
  subhumid	
  zone	
  suffers	
  a	
  significant	
  drop	
  in	
  consumption	
  following	
  the	
  shock	
  but	
  is	
  able	
  to	
  
recover	
  after	
  a	
  few	
  years.	
  By	
  contrast,	
  the	
  average	
  individual	
  in	
  the	
  semi-­‐arid	
  zone	
  is	
  hardly	
  affected	
  after	
  
one	
  year	
  but	
  is	
  sent	
  on	
  a	
  persistent	
  downward	
  trajectory	
  leading	
  to	
  poverty.	
  	
  

Figure 4: Recovery path after a 10 years return flood 

	
  
	
  
	
  
The	
  dynamic	
  asset	
  poverty	
  line	
  literature	
  offers	
  a	
  potential	
  explanation	
  for	
  the	
  difference	
  in	
  impact	
  
between	
  the	
  zones.	
  Excessive	
  moisture	
  in	
  the	
  sub-­‐humid	
  zone	
  has	
  only	
  a	
  short-­‐term	
  impact	
  (e.g.	
  
waterlogging).	
  Land,	
  the	
  individual’s	
  key	
  productive	
  asset,	
  is	
  not	
  affected,	
  as	
  the	
  soil	
  will	
  dry	
  before	
  the	
  
next	
  seeding	
  season.	
  This	
  means	
  that	
  the	
  individual	
  is	
  in	
  a	
  position	
  to	
  rebound	
  almost	
  immediately	
  after	
  
the	
  shock.	
  By	
  contrast,	
  excessive	
  moisture	
  in	
  the	
  semi-­‐arid	
  zone	
  washes	
  out	
  topsoil,	
  destroying	
  the	
  
productive	
  capacity	
  of	
  the	
  semi-­‐arid	
  individual,	
  putting	
  her	
  below	
  the	
  asset	
  dynamic	
  poverty	
  line	
  and	
  
sending	
  her	
  into	
  a	
  downward	
  spiral	
  to	
  poverty.	
  Of	
  course,	
  at	
  this	
  point,	
  this	
  is	
  just	
  one	
  hypothesis	
  that	
  
requires	
  further	
  investigation.	
  	
  	
  
	
  
Finally,	
  we	
  present	
  the	
  complete	
  results	
  of	
  the	
  distributed	
  lag	
  model	
  in	
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Figure	
  5:	
  expected	
  consumption	
  over	
  time	
  is	
  plotted	
  against	
  SPEI	
  values.	
  The	
  poverty	
  line	
  is	
  displayed	
  in	
  
red.	
  While	
  the	
  three-­‐dimensional	
  model	
  may	
  appear	
  overwhelming,	
  note	
  that	
  Figure	
  3	
  and	
  	
  
	
  
Figure	
  5:	
  Consumption	
  in	
  Next	
  Year	
  and	
  in	
  15	
  Years	
  against	
  Current	
  Weather	
  Conditions	
  
	
  were	
  actually	
  slices	
  of	
  these	
  3-­‐D	
  plots	
  along	
  the	
  time	
  and	
  climate	
  dimension,	
  respectively.	
  These	
  figures	
  
demonstrate	
  that	
  the	
  methodology	
  is	
  multi-­‐dimensional	
  (all	
  kinds	
  of	
  weather	
  events	
  are	
  considered)	
  and	
  
that	
  it	
  offers	
  a	
  comprehensive	
  approach	
  for	
  measuring	
  both	
  vulnerability	
  and	
  resilience.	
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Figure 5: Resilience and Vulnerability Framework in the Highlands Subhumid and 
Semiarid Zones 

	
  
	
  
	
  
Let	
  us	
  first	
  consider	
  the	
  highland	
  subhumid	
  zone	
  (left-­‐hand	
  side).	
  In	
  the	
  first	
  year,	
  we	
  recognize	
  the	
  
familiar	
  inverted	
  U	
  shape.	
  Its	
  curvature	
  and	
  position	
  determines	
  vulnerability,	
  as	
  shown	
  in	
  Error!	
  
Reference	
  source	
  not	
  found.,	
  

	
  and	
  	
   	
  

consumption	
  

poverty	
  line	
  1	
   1 
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Figure	
  2.	
  As	
  the	
  time	
  passes,	
  the	
  climate-­‐consumption	
  plane	
  gets	
  flatter,	
  indicating	
  that	
  original	
  weather	
  
conditions	
  lose	
  their	
  effect	
  on	
  consumption,	
  i.e.	
  that	
  consumption	
  recover	
  whatever	
  was	
  the	
  shock	
  at	
  time	
  
0.	
  The	
  speed	
  at	
  which	
  the	
  plane	
  flattens	
  determines	
  resilience,	
  as	
  shown	
  on	
  Figure	
  3,	
  	
  
	
  
Figure	
  5:	
  Consumption	
  in	
  Next	
  Year	
  and	
  in	
  15	
  Years	
  against	
  Current	
  Weather	
  Conditions	
  
and	
  Figure	
  4.	
  	
  
	
  
In	
  the	
  semi-­‐arid	
  zones,	
  by	
  contrast,	
  the	
  consumption	
  plane	
  is	
  much	
  flatter	
  in	
  the	
  first	
  year	
  following	
  the	
  
shock,	
  suggesting	
  that	
  individuals	
  are	
  not	
  very	
  vulnerable.	
  However,	
  the	
  plane	
  gets	
  more	
  and	
  more	
  curved	
  
as	
  time	
  passes,	
  suggesting	
  that	
  individuals	
  in	
  this	
  zone	
  are	
  not	
  resilient.	
  	
  	
  
	
  
To	
  summarize,	
  we	
  can	
  reject	
  the	
  null	
  hypothesis	
  that	
  resilience	
  is	
  the	
  inverse	
  of	
  vulnerability:	
  non-­‐
vulnerable	
  individuals	
  can	
  be	
  non-­‐resilient	
  and	
  vice-­‐versa.	
  This	
  observation	
  has	
  important	
  bearings	
  in	
  
terms	
  of	
  policy	
  targeting	
  and	
  suggests	
  that	
  individuals,	
  households,	
  or	
  communities	
  with	
  different	
  
vulnerability	
  and	
  resilience	
  profiles	
  require	
  different	
  types	
  of	
  interventions.	
  	
  
	
  
In	
  our	
  particular	
  case	
  study,	
  these	
  preliminary	
  results	
  suggest	
  that	
  highland	
  sub-­‐humid	
  zones	
  are	
  
particularly	
  in	
  need	
  of	
  efficient	
  ex-­‐ante	
  risk	
  mitigating	
  tools	
  in	
  order	
  to	
  decrease	
  vulnerability	
  (e.g.	
  better	
  
flood	
  controls	
  and	
  field	
  drainage	
  or	
  access	
  to	
  a	
  diversified	
  portfolio	
  of	
  high-­‐yield	
  and	
  weather	
  resistant	
  
food	
  crops).	
  By	
  contrast,	
  semi-­‐arid	
  zones	
  appear	
  to	
  be	
  particularly	
  in	
  need	
  of	
  ex-­‐post	
  risk	
  coping	
  strategies	
  
(e.g.	
  provision	
  of	
  weather	
  index	
  based	
  micro-­‐insurance,	
  mobile	
  money	
  transfers	
  to	
  ease	
  solidarity	
  across	
  
different	
  parts	
  of	
  Ethiopia	
  or	
  access	
  to	
  scalable	
  safety	
  nets).	
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V. CONCLUSION AND WAY FORWARD 
	
  
This	
  study	
  presents	
  three	
  important	
  information	
  tools	
  for	
  policy	
  and	
  planning	
  related	
  to	
  climate	
  risk:	
  (1)	
  
weather	
  vulnerability	
  index,	
  (2)	
  climate	
  vulnerability	
  index,	
  (3)	
  weather	
  resilience	
  index.	
  Although	
  we	
  
apply	
  these	
  indices	
  to	
  weather	
  shocks	
  on	
  Ethiopian	
  households,	
  they	
  are	
  generalizable	
  to	
  other	
  types	
  of	
  
shocks,	
  other	
  locations	
  and	
  other	
  units	
  of	
  analysis.	
  The	
  methodology	
  provides	
  the	
  building	
  blocks	
  for	
  a	
  
data-­‐driven	
  early	
  warning	
  tool	
  that	
  could	
  enter	
  into	
  the	
  FEWS	
  NET	
  information	
  toolkit.	
  It	
  could	
  extend	
  the	
  
time	
  horizon	
  of	
  contingency	
  planning,	
  improve	
  targeting	
  and	
  intervention	
  design	
  by	
  providing	
  a	
  
comprehensive	
  assessment	
  of	
  resilience	
  and	
  vulnerability	
  and	
  offer	
  a	
  replicable	
  and	
  comparable	
  
framework	
  for	
  impact	
  evaluation	
  of	
  resilience	
  programs.	
  	
  
	
  
The	
  primary	
  finding	
  presented	
  in	
  this	
  intermediary	
  report	
  is	
  that	
  vulnerability	
  and	
  resilience	
  are	
  not	
  mirror	
  
images:	
  vulnerability	
  measures	
  identify	
  who	
  is	
  at	
  risk	
  of	
  falling	
  into	
  poverty	
  in	
  the	
  next	
  season	
  or	
  year	
  due	
  
to	
  a	
  shock,	
  while	
  resilience	
  focuses	
  on	
  the	
  recovery	
  path	
  during	
  and	
  after	
  a	
  shock	
  over	
  a	
  longer	
  time	
  
horizon.	
  For	
  instance,	
  in	
  sub-­‐humid	
  zones,	
  even	
  if	
  excessive	
  moisture	
  causes	
  an	
  instantaneous	
  and	
  severe	
  
drop	
  in	
  consumption,	
  the	
  average	
  individual	
  will	
  be	
  able	
  to	
  recover	
  in	
  only	
  a	
  few	
  years.	
  However,	
  in	
  the	
  
semi-­‐arid	
  highlands,	
  the	
  same	
  excessive	
  moisture	
  may	
  initially	
  cause	
  only	
  a	
  minor	
  drop	
  in	
  consumption	
  
but,	
  as	
  time	
  passes,	
  individuals	
  will	
  slide	
  under	
  the	
  poverty	
  line.	
  
	
  
A	
  second	
  contribution	
  is	
  the	
  set	
  of	
  indices	
  that	
  compose	
  our	
  framework	
  for	
  thinking	
  about	
  and	
  measuring	
  
vulnerability	
  and	
  resilience.	
  We	
  have	
  followed	
  the	
  hint	
  of	
  Barrett	
  and	
  Constas	
  (2014)	
  by	
  building	
  the	
  
vulnerability	
  and	
  resilience	
  indices	
  around	
  the	
  Foster-­‐Greer-­‐Thorbecke	
  class	
  of	
  poverty	
  measure.	
  The	
  
weather-­‐vulnerability	
  index	
  measures	
  the	
  increase	
  in	
  expected	
  poverty	
  caused	
  by	
  a	
  given	
  adverse	
  
weather.	
  It	
  can	
  be	
  fitted	
  to	
  droughts	
  and	
  floods	
  of	
  various	
  magnitudes	
  and	
  could	
  prove	
  particularly	
  useful	
  
for	
  contingency	
  planning.	
  The	
  climate	
  vulnerability	
  index	
  is	
  an	
  overall	
  measure	
  of	
  climate	
  exposure	
  and	
  
could	
  be	
  used	
  as	
  a	
  budgeting	
  tool	
  to	
  identify	
  the	
  upper	
  bound	
  of	
  intervention	
  spending	
  aimed	
  at	
  reducing	
  
climate	
  risk	
  of	
  a	
  climate	
  vulnerable	
  population.	
  Finally,	
  the	
  weather	
  resilience	
  index	
  measures	
  the	
  speed	
  of	
  
recovery	
  after	
  a	
  given	
  shock.	
  In	
  a	
  similar	
  way	
  to	
  the	
  weather	
  vulnerability,	
  it	
  can	
  be	
  fitted	
  to	
  floods	
  and	
  
drought	
  of	
  various	
  magnitudes.	
  It	
  could	
  be	
  useful	
  both	
  in	
  contingency	
  planning	
  and	
  targeting.	
  	
  
	
  
All	
  of	
  these	
  measures	
  are	
  expressed	
  as	
  a	
  percentage	
  of	
  the	
  poverty	
  line:	
  a	
  drought-­‐vulnerability	
  of	
  10	
  
percent	
  means	
  that	
  a	
  drought	
  will	
  cause	
  expected	
  poverty	
  to	
  increase	
  by	
  10	
  percent;	
  a	
  climate	
  
vulnerability	
  index	
  of	
  10	
  percent	
  means	
  that	
  the	
  upper	
  bound	
  of	
  intervention	
  spending	
  aimed	
  at	
  reducing	
  
climate	
  exposure	
  is	
  10%	
  of	
  the	
  poverty	
  line;	
  a	
  drought-­‐resilience	
  index	
  of	
  10	
  percent	
  means	
  that	
  the	
  
poverty	
  caused	
  by	
  the	
  drought	
  will	
  decrease	
  by	
  10	
  percent	
  per	
  year	
  on	
  average	
  or,	
  equivalently,	
  that	
  it	
  will	
  
be	
  fully	
  absorbed	
  after	
  10	
  years.	
  	
  
	
  
Third,	
  we	
  showed	
  that	
  this	
  methodology	
  can	
  be	
  used	
  to	
  investigate	
  vulnerability	
  and	
  resilience	
  across	
  
ecological	
  zones	
  and	
  consumption	
  strata,	
  a	
  first	
  step	
  for	
  designing	
  vulnerability	
  and	
  resilience	
  maps.	
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Differences	
  in	
  productive	
  asset	
  endowments,	
  livelihood	
  strategies,	
  and	
  development	
  policies	
  may	
  explain	
  
differences	
  in	
  vulnerability	
  across	
  ecological	
  zones	
  and	
  consumption	
  strata.	
  We	
  will	
  seek	
  to	
  extend	
  the	
  
resilience	
  model	
  by	
  adding	
  variables	
  to	
  investigate	
  it	
  further.	
  The	
  large	
  dataset	
  we	
  have	
  built,	
  combining	
  
three	
  existing	
  microeconomic	
  surveys,	
  two	
  climate	
  datasets	
  and	
  one	
  agro-­‐ecological	
  zones	
  datasets,	
  
prepared	
  the	
  ground	
  for	
  such	
  analysis.	
  Colleagues	
  at	
  NOAA	
  are	
  currently	
  developing	
  a	
  new	
  
evapotranspiration	
  dataset	
  which	
  will	
  be	
  used	
  to	
  compute	
  a	
  finer	
  SPEI	
  product.	
  We	
  will	
  also	
  investigate	
  
the	
  use	
  of	
  satellite	
  night-­‐light	
  imageries	
  in	
  order	
  to	
  proxy	
  local	
  Gross	
  Domestic	
  Product	
  dynamics.	
  It	
  could	
  
prove	
  higher	
  frequency	
  data,	
  a	
  different	
  scale	
  of	
  analysis	
  and	
  easy	
  automation,	
  laying	
  hence	
  the	
  building	
  
block	
  for	
  an	
  early	
  warning	
  product.	
  We	
  will	
  explore	
  this	
  avenue	
  in	
  the	
  follow-­‐up	
  of	
  this	
  report.	
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APPENDIX A: FROM THE MODEL TO THE INDICES 
	
  

DEFINING THE INDICES 
Let	
  us	
  express	
  consumption	
  as	
  a	
  quadratic	
  function	
  of	
  SPEI:	
  	
  	
  	
  	
  	
  
	
  

𝑐 = 𝑔 𝑆,𝛽 = 𝛽! + 𝛽!𝑆 + 𝛽!𝑆!	
  
	
  
where	
  𝑐	
  is	
  consumption,	
  𝑆	
  is	
  SPEI	
  and	
  𝛽! 	
  are	
  parameters.	
  𝛽!	
  and	
  𝛽!	
  determine	
  the	
  sensitivity	
  to	
  climate;	
  if	
  
they	
  are	
  equal	
  to	
  zero,	
  consumption	
  is	
  not	
  sensitive	
  to	
  climate	
  and	
  stays	
  at	
  𝛽!	
  regardless	
  of	
  the	
  weather	
  
conditions.	
  This	
  would	
  correspond	
  to	
  a	
  horizontal	
  consumption	
  line	
  on	
  plot	
  1a	
  and	
  2a	
  of	
  Box	
  4.	
  By	
  
contrast,	
  non-­‐zero	
  values	
  for	
  𝛽!	
  and	
  𝛽!	
  imply	
  that	
  consumption	
  varies	
  with	
  weather	
  conditions.	
  
	
  
Based	
  on	
  the	
  𝛽	
  parameters,	
  we	
  can	
  derive	
  the	
  consumption	
  levels	
  under	
  different	
  weather	
  scenarios	
  and	
  
hence	
  compute	
  the	
  climate-­‐induced	
  vulnerability	
  index	
  (for	
  example,	
  for	
  a	
  10	
  years’	
  return	
  drought):	
  	
  
	
  

𝑉!,! =
𝑧 − 𝛽! + 𝛽!(−1.3)+ 𝛽!(−1.3)!

𝑧 −
𝑧 − 𝛽!
𝑧 	
  

	
  
where	
  the	
  SPEI	
  value	
  of	
  −1.3	
  corresponds	
  to	
  a	
  10	
  years’	
  return	
  drought	
  and	
  𝑧	
  is	
  the	
  poverty	
  line.	
  Note	
  that	
  
the	
  consumption	
  under	
  normal	
  conditions	
  equals	
  𝛽!	
  as	
  SPEI=0	
  under	
  normal	
  conditions.	
  The	
  index	
  can	
  be	
  
expressed	
  more	
  succinctly	
  as:	
  
	
  

𝑉!,! 𝑠! = ∆!!𝐹𝐺𝑇!!!	
  
	
  
where	
  𝐹𝐺𝑇!!!	
  is	
  the	
  expected	
  poverty	
  gap	
  and	
  ∆!! 	
  is	
  the	
  difference	
  operator	
  over	
  a	
  shock	
  𝑠	
  defined	
  in	
  
terms	
  of	
  the	
  SPEI.	
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The	
  resilience	
  index	
  is	
  the	
  speed	
  of	
  recovery	
  after	
  a	
  shock.	
  It	
  measures	
  the	
  average	
  reduction	
  of	
  the	
  
expected	
  shock-­‐induced	
  poverty	
  gap	
  over	
  the	
  period.	
  A	
  logic	
  similar	
  to	
  the	
  weather	
  vulnerability	
  index	
  
applies	
  in	
  the	
  case	
  of	
  resilience,	
  the	
  only	
  difference	
  being	
  that	
  lags	
  of	
  SPEI	
  values	
  and	
  their	
  square	
  have	
  to	
  
be	
  added	
  into	
  𝑔 𝑆,𝛽 .	
  The	
  resilience	
  index	
  is:	
  
	
  

𝑅!,! = 1−
1
𝑇

𝑧 − 𝛽!,!!! + 𝛽!,!!! −1.3 + 𝛽!,!!! −1.3 !

𝑧 −
𝑧 − 𝛽!,!!!

𝑧

!

!!!

−
𝑧 − 𝛽!,!!!!! + 𝛽!,!!!!! −1.3 + 𝛽!,!!!!! −1.3 !

𝑧 −
𝑧 − 𝛽!,!!!!!

𝑧 	
  

	
  
which	
  can	
  be	
  expressed	
  more	
  simply	
  as:	
  
	
  

𝑅 =
1
𝑇 ∆!𝑉!,! 𝑠!!!

!

!!!

	
  

	
  
where	
  ∆!	
  is	
  the	
  difference	
  operator	
  over	
  time	
  period.	
  
	
  
Finally,	
  the	
  climate	
  vulnerability	
  index	
  is	
  the	
  risk-­‐adjusted	
  expected	
  poverty	
  gap.	
  It	
  requires	
  the	
  
computation	
  of	
  the	
  risk	
  premium	
  [e.g.	
  77,	
  78]	
  defined	
  as:	
  
	
  

𝑅𝑃 ≈
𝐴𝑃
2 𝜇! −

𝐷𝑆
6 𝜇! −

𝐹𝑇
24 𝜇! 	
  

	
  
where	
  𝜇! 	
  are	
  the	
  ith	
  central	
  moments	
  of	
  𝑐,	
  AP	
  is	
  the	
  Arrow-­‐Pratt	
  coefficient	
  of	
  absolute	
  risk	
  aversion	
  [79]	
  
for	
  mean-­‐preserving	
  spread	
  aversion,	
  DS	
  is	
  the	
  coefficient	
  of	
  downside	
  risk	
  aversion	
  [80],	
  for	
  mean-­‐spread-­‐
preserving	
  skewness	
  preferences	
  and	
  FT	
  is	
  the	
  coefficient	
  of	
  kurtosis	
  aversion	
  [81]	
  for	
  mean-­‐spread-­‐
skewness	
  preserving	
  kurtosis	
  aversion.	
  In	
  order	
  to	
  compute	
  these	
  coefficients,	
  we	
  specify	
  the	
  utility	
  
function	
  as	
  follows:	
  
	
  

𝑈 𝑥 =
𝑈(𝑥)!!!

1− 𝛾 	
  

	
  
where	
  𝛾	
  is	
  the	
  coefficient	
  of	
  relative	
  risk	
  aversion.	
  We	
  will	
  conduct	
  some	
  sensitivity	
  analysis	
  on	
  the	
  𝛾	
  
parameter,	
  as	
  its	
  value	
  varies	
  according	
  to	
  academic	
  fields	
  and	
  authors	
  [e.g.	
  41,	
  74].	
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COMPUTING THE INDICES 
The	
  next	
  step	
  is	
  to	
  obtain	
  the	
  central	
  moments	
  of	
  consumption,	
  𝜇!.	
  We	
  start	
  by	
  writing	
  𝑔 𝑆,𝛽 	
  as:	
  
	
  

𝑐 = 𝑔 𝑆,𝛽 = 𝑎(𝑆 − 𝐵)! + 𝐷	
  
	
  
where	
  𝑎 = 𝛽!,	
  𝐵 = −𝛽!/2𝛽!,	
  𝐷 = 𝛽! − 𝛽!/2𝛽! !𝛽!	
  and	
  (𝑆 − 𝐵)!	
  follows	
  a	
  noncentral	
  chi-­‐squared	
  
distribution	
  with	
  1	
  of	
  degree	
  of	
  freedom	
  and	
  noncentrality	
  parameter	
  𝜆 = (−𝐵)!.	
  It	
  follows	
  that	
  𝑐	
  is	
  a	
  
linear	
  transformation	
  of	
  a	
  non-­‐central	
  chi-­‐squared	
  distributed	
  random	
  variable.	
  Taking	
  this	
  into	
  account	
  
and	
  substituting	
  the	
  original	
  parameters	
  back	
  in,	
  the	
  first	
  four	
  central	
  moments	
  of	
  𝑐	
  are	
  given	
  by:	
  
	
  

𝜇! 𝑐 = 𝛽! + 𝛽!	
  
	
  

𝜇! 𝑐 = 2𝛽!! + 𝛽!!	
  
	
  

𝜇! 𝑐 = 8𝛽!! + 6𝛽!𝛽!!	
  
	
  

𝜇! 𝑐 = 48+ 12𝛽!! + 6𝛽!! + 96𝛽!!𝛽!!	
  
	
  
We	
  can	
  write	
  the	
  climate-­‐vulnerability	
  index	
  as:	
  
	
  

𝑉!,! =
𝑧 − (𝛽! + 𝛽! − 𝑅𝑃)

𝑧 −
𝑧 − 𝛽!
𝑧 	
  

	
  
where	
  risk	
  premium	
  is:	
  
	
  

𝑅𝑃 ≈
𝐴𝑃
2 2𝛽!! + 𝛽!! −

𝐷𝑆
6 8𝛽!! + 6𝛽!𝛽!! +

𝐹𝑇
24 48+ 12𝛽!! + 6𝛽!! + 96𝛽!!𝛽!! 	
  

	
  
In	
  order	
  to	
  obtain	
  the	
  𝛽	
  parameters,	
  we	
  propose	
  to	
  estimate	
  the	
  following	
  equation	
  with	
  Ordinary	
  Least	
  
Square	
  regressions	
  (OLS),	
  using	
  individuals’	
  fixed	
  effects	
  to	
  control	
  for	
  unobserved	
  heterogeneity:	
  
	
  

𝑐!" = 𝛽! + 𝛽!𝑆!,! + 𝛽!𝑆!,!! + 𝜷𝟑𝑹𝒊,𝒕 + 𝜷𝟒𝑹𝒊,𝒕𝑺𝒊,𝒕 + 𝜷𝟓𝑹𝒊,𝒕𝑺𝒊,𝒕𝟐 + 𝑿𝒊,𝒕𝜷+ 𝛼! + 𝜀!"	
  
	
  
where	
  the	
  𝛽s	
  are	
  parameters	
  to	
  estimate,	
  consumption	
  𝑐!".	
  𝑆!,!,	
  𝑹𝒊,𝒕,	
  and	
  𝑿𝒊,𝒕	
  are	
  SPEI,	
  a	
  vector	
  of	
  
variables	
  of	
  interest	
  (e.g.	
  regional	
  dummies)	
  and	
  a	
  vector	
  of	
  control	
  variables	
  (e.g.	
  socio-­‐demographic	
  
characteristics,	
  asset	
  holdings	
  etc.)	
  for	
  individual	
  𝑖	
  at	
  time	
  𝑡,	
  respectively.	
  𝛼! 	
  is	
  an	
  individual	
  fixed	
  effect	
  for	
  
individual	
  𝑖	
  and	
  𝜀!"	
  is	
  the	
  error	
  term	
  for	
  individual	
  𝑖	
  at	
  time	
  𝑡.	
  For	
  resilience,	
  we	
  used	
  a	
  distributed	
  non-­‐
linear	
  lag	
  model	
  to	
  capture	
  better	
  the	
  dynamics.	
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APPENDIX B: SPEI COMPUTATION 
The	
  calculation	
  of	
  the	
  SPEI	
  has	
  four	
  main	
  steps.	
  Here,	
  we	
  follow	
  the	
  presentation	
  of	
  Vicente-­‐Serrano	
  et	
  al.	
  
(2010).	
  The	
  first	
  step	
  consists	
  in	
  computing	
  potential	
  evapotranspiration	
  (PET),	
  i.e.	
  the	
  demand	
  for	
  water	
  
in	
  the	
  hydrological	
  process.	
  The	
  simplest	
  PET	
  index	
  is	
  the	
  Thornthwaite	
  index	
  (1948):	
  it	
  requires	
  only	
  the	
  
temperature	
  and	
  the	
  latitude	
  at	
  which	
  the	
  data	
  have	
  been	
  gathered.	
  	
  
	
  
The	
  second	
  step	
  consists	
  in	
  computing	
  the	
  climatic	
  water	
  balance	
  for	
  month	
  𝑡,	
  i.e.	
  the	
  difference	
  between	
  
precipitation	
  and	
  evapotranspiration:	
  
	
  

𝐷! = 𝑃! − 𝑃𝐸𝑇!	
  
	
  
where	
  𝐷,	
  𝑃	
  and	
  𝑃𝐸𝑇	
  are	
  the	
  climate	
  balance	
  of	
  water,	
  the	
  precipitation	
  and	
  the	
  potential	
  
evapotranspiration	
  measured	
  in	
  millimeters,	
  respectively.	
  A	
  positive	
  value	
  for	
  𝐷!	
  means	
  that	
  there	
  is	
  a	
  
water	
  surplus	
  at	
  time	
  𝑡,	
  while	
  a	
  negative	
  value	
  implies	
  a	
  water	
  deficit.	
  
	
  
The	
  third	
  step	
  consists	
  in	
  fitting	
  a	
  distribution	
  F(𝐷)	
  on	
  the	
  observations	
  gathered	
  over	
  the	
  sample	
  period.	
  
The	
  longer	
  the	
  period,	
  the	
  better	
  fit	
  of	
  the	
  distribution,	
  but	
  30	
  years	
  of	
  data,	
  i.e.	
  30	
  observations	
  of	
  𝐷!,	
  is	
  
deemed	
  acceptable.	
  Several	
  candidate	
  distributions	
  were	
  investigated	
  by	
  Vicento-­‐Serano	
  et.	
  al:	
  Pearson	
  III,	
  
Lognormal,	
  Log-­‐logistic	
  and	
  General	
  Extreme	
  Value,	
  and	
  were	
  found	
  to	
  fit	
  well	
  with	
  empirical	
  probabilities.	
  
As	
  such,	
  the	
  selection	
  among	
  them	
  is	
  based	
  on	
  their	
  behavior	
  at	
  most	
  the	
  extreme	
  value.	
  The	
  log-­‐logistic	
  
distribution	
  is	
  therefore	
  preferred,	
  and	
  its	
  parameters	
  are	
  estimated	
  with	
  the	
  unbiased	
  Probability	
  
Weighted	
  Moments	
  method	
  [79].	
  	
  
	
  
The	
  last	
  step	
  consists	
  of	
  standardizing	
  the	
  fitted	
  distribution.	
  This	
  is	
  done	
  via	
  the	
  classic	
  approximation	
  of	
  
Abramovitz	
  and	
  Stegun	
  (1965):	
  
	
  

𝑆𝑃𝐸𝐼 =𝑊 −
𝐶! + 𝐶!𝑊 + 𝐶!𝑊!

1+ 𝑑!𝑊 + 𝑑!𝑊! + 𝑑!𝑊!	
  

	
  
where	
  𝑊 = −2 ln𝑃	
  for	
  𝑃 < 0.5,	
  where	
  𝑃	
  is	
  the	
  probability	
  of	
  exceeding	
  a	
  determined	
  𝐷	
  value:	
  
𝑃 = 1 − 𝐹(𝑥).	
  If	
  𝑃 > 0.5,	
  then	
  P	
  is	
  replaced	
  by	
  1 − 𝑝	
  and	
  the	
  sign	
  of	
  the	
  resultant	
  SPEI	
  is	
  reversed.	
  The	
  
constants	
  are	
  𝐶! = 2.515517,	
  𝐶! =   0.802853,  𝐶!   =   0.010328,	
  𝑑!   = 1.432788,	
  𝑑!   =   0.189269,	
  
𝑑! =   0.001308.  
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APPENDIX C: MAPS AND ADDITIONAL GRAPHS 

Map 1: Geographic Spread of Microeconomic Survey Data	
  

	
  
	
  

Over	
  the	
  period,	
  there	
  has	
  been	
  a	
  general	
  increase	
  in	
  real	
  consumption	
  at	
  the	
  national	
  level	
  (World	
  Bank	
  
data),	
  however	
  only	
  recently	
  has	
  consumption	
  in	
  the	
  surveyed	
  villages	
  followed	
  the	
  same	
  trend	
  (	
  
	
  
Figure	
  6,	
  left).	
  Despite	
  improvement	
  over	
  the	
  whole	
  period,	
  in	
  the	
  surveyed	
  villages	
  real	
  consumption	
  in	
  
2012	
  was	
  at	
  virtually	
  the	
  same	
  level	
  in	
  1994.	
  	
  	
  As	
  a	
  large	
  share	
  of	
  individuals’	
  consumption	
  is	
  devoted	
  to	
  
food,	
  which	
  is	
  mostly	
  home-­‐produced	
  on	
  non-­‐irrigated	
  plots,	
  individuals	
  are	
  very	
  exposed	
  to	
  climate	
  
shocks.	
  There	
  are	
  also	
  large	
  variations	
  in	
  food	
  consumption	
  between	
  regions	
  and	
  years	
  (	
  
	
  
Figure	
  6,	
  right,	
  where	
  the	
  width	
  of	
  the	
  box	
  represents	
  sample	
  size).	
  	
  
	
  

Figure 6: Consumption over Time and Region 
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Average	
  precipitation	
  roughly	
  follows	
  the	
  terrain	
  (Map	
  2),	
  resulting	
  in	
  different	
  timing	
  of	
  the	
  rainy	
  season	
  
across	
  regions.	
  We	
  used	
  the	
  CHIRPS	
  precipitation	
  dataset	
  to	
  compute	
  the	
  peak	
  rainfall	
  month	
  (Map	
  3).	
  
This	
  allowed	
  us	
  to	
  extract	
  the	
  SPEI	
  value	
  of	
  the	
  peak	
  rainfall	
  month	
  for	
  each	
  individual.	
  A	
  snapshot	
  of	
  the	
  
SPEI	
  dataset	
  is	
  presented	
  on	
  Map	
  4	
  for	
  August	
  2014.	
  
	
  

Map 2: Terrain of Ethiopia 
	
  	
  
	
  
	
  
We	
  

used	
  the	
  agro-­‐ecological	
  zone	
  dataset	
  built	
  by	
  IFPRI.	
  The	
  8	
  main	
  agro-­‐ecological	
  zones	
  of	
  Sub-­‐Saharan	
  
Africa	
  are	
  present	
  on	
  the	
  Ethiopian	
  territory	
  (Map	
  5)	
  and	
  most	
  of	
  the	
  observations	
  in	
  the	
  microeconomic	
  
surveys	
  are	
  in	
  the	
  highlands	
  semi-­‐arid	
  zone	
  (35	
  percent),	
  highlands	
  subhumid	
  zone	
  (38	
  percent)	
  and	
  
highlands	
  humid	
  zone	
  (16	
  percent).	
  Only	
  5	
  percent	
  are	
  in	
  the	
  lowland	
  subhumid	
  zones.	
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Map 3: Peak Rainfall 
Month 

Map 4: SPEI Map 5: Agro-Ecological 
Zones 

	
  
	
  

	
  

 
Although	
  total	
  annual	
  precipitation	
  did	
  not	
  change	
  substantially	
  over	
  the	
  period,	
  the	
  number	
  of	
  
cumulative	
  dry	
  days	
  is	
  increasing	
  (see	
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Figure	
  7Error!	
  Reference	
  source	
  not	
  found.).	
  This	
  implies	
  that	
  farmers	
  are	
  exposed	
  to	
  longer	
  droughts	
  and	
  
that	
  when	
  rain	
  comes,	
  too	
  much	
  can	
  fall	
  at	
  once,	
  causing	
  floods,	
  washing	
  out	
  top	
  soils	
  and	
  running	
  
downhill	
  without	
  replenishing	
  the	
  water	
  table.	
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Figure 7: Maximum Number of Cumulative Dry Days (<1mm) 

	
  
	
  


