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How	
  to	
  synthe+ze	
  knowledge?	
  	
  

•  Expert-­‐based	
  approach	
  
• Modelling	
  
•  Narra+ve	
  review	
  
•  Systema+c	
  review	
  
• Meta-­‐analysis	
  

Research	
  synthesis	
  



Systema+c	
  review	
  

«	
  	
  	
  The	
  applica+on	
  of	
  strategies	
  that	
  limit	
  bias	
  in	
  the	
  
assembly,	
  cri+cal	
  appraisal,	
  and	
  synthesis	
  of	
  all	
  relevant	
  
studies	
  on	
  a	
  specific	
  topic	
  »	
  

Chalmers et al., 2002	
  



« The analysis of analyses » 

« The statistical synthesis of the data from separate but 
similar, i.e. comparable studies, leading to a quantitative 
summary of the pooled results. 

« The statistical analysis of a large collection of analysis 
results from individual studies for the purpose of 
integrating the findings » 

« Statistical methods for combining the magnitudes of the 
outcomes (effect sizes) across different data sets 
addressing the same research question » 

« Systematic review + statistical analysis »  
 

Dictionary of epidemiology, 2001; Chalmers et al., 2002; Glass, 1976; Koricheva 
et al., 2013 

Meta-analysis 



Historical	
  examples	
  



James	
  Lind	
  (ScoSsh	
  naval	
  surgeon,	
  18th	
  century)	
  

From	
  Chalmers	
  et	
  al.,	
  2002	
  



Karl	
  Pearson,	
  1904,	
  about	
  the	
  effect	
  of	
  a	
  vaccine	
  
against	
  typhoid	
  	
  



Yates,	
  1941,	
  UK,	
  on	
  crop	
  fer+lisa+on	
  
	
  
«	
  as	
  the	
  war	
  began	
  and	
  it	
  became	
  clear	
  that	
  phosphate	
  and	
  potash	
  fer+lizers	
  
were	
  going	
  to	
  be	
  extremely	
  scarce,	
  Yates	
  with	
  E.	
  M.	
  Crowther,	
  the	
  
head	
  of	
  the	
  Chemistry	
  Department	
  at	
  Rothampsted,	
  brought	
  together	
  
and	
  analyzed	
  all	
  the	
  published	
  experiments	
  on	
  fer+lizer	
  responses	
  that	
  
they	
  could	
  lay	
  their	
  hands	
  on	
  (Yates&Crowther,	
  1941).	
  .	
  .	
  .	
  An	
  example	
  
of	
  its	
  findings	
  is	
  the	
  statement	
  that	
  the	
  applica+on	
  of	
  1	
  cwt/acre	
  of	
  sulphate	
  
of	
  ammonia	
  at	
  a	
  cost	
  of	
  £4m	
  would	
  be	
  expected	
  to	
  yield	
  an	
  extra	
  
crop	
  to	
  the	
  value	
  of	
  £11m.	
  As	
  a	
  result	
  of	
  this	
  study,	
  fer+lizer	
  ra+oning	
  
in	
  the	
  UK	
  was	
  placed	
  on	
  a	
  ra+onal	
  basis	
  and	
  some	
  of	
  the	
  survival	
  of	
  
war+me	
  Britain	
  can	
  be	
  set	
  to	
  its	
  credit	
  ».	
  Healy,	
  1995.	
  



Cri+cisms	
  

«	
  An	
  exercice	
  of	
  mega-­‐silliness	
  »	
  
«	
  	
  Abandonment	
  of	
  scholarship	
  »	
  
«	
  The	
  problems	
  of	
  pooling,	
  drowning,	
  and	
  
floa+ng	
  »	
  
«	
  	
  Meta-­‐research:	
  The	
  art	
  of	
  geSng	
  it	
  wrong»	
  
	
  
à	
  Controversy	
  about	
  reaching	
  generaliza+ons	
  
from	
  data,	
  and	
  the	
  nature	
  of	
  scien+fic	
  evidence	
  



PLoS	
  Medicine,	
  2005	
  







Thousands	
  meta-­‐analyses	
  are	
  published	
  every	
  
year	
  in	
  medical	
  sciences.	
  
	
  
Hundreds	
  meta-­‐analyses	
  are	
  published	
  every	
  
year	
  in	
  social	
  sciences.	
  	
  



Evidence-­‐based	
  approach	
  in	
  environmental	
  
and	
  agricultural	
  science?	
  	
  	
  



Meta-­‐analysis	
  could	
  help	
  environmental	
  and	
  
agricultural	
  scien+sts	
  to	
  weight	
  evidences	
  



The	
  two	
  main	
  objec+ves	
  of	
  reseach	
  
synthesis	
  

•  Reduc+on	
  of	
  bias	
  (to	
  become	
  more	
  objec+ve)	
  

•  Reduc+on	
  of	
  imprecision	
  (to	
  become	
  more	
  
precise)	
  



Meta-­‐analysis	
  

Es+ma+on	
  of	
  key-­‐quan++es	
  
of	
  interest	
  

Exper+ses	
  

Raw	
  data	
  
Experimental	
  data	
  
Simulated	
  data	
  

Scien+fic	
  papers	
  

Ar0cles/Reports	
  
Experimental	
  data	
  
Simulated	
  data	
  



Objec+ve	
  

•  Es+ma+on	
  of	
  effect	
  sizes	
  of	
  treatments	
  

•  Analysis	
  of	
  the	
  rela+onship	
  between	
  variables	
  



Objec+ve	
  

•  Es+ma+on	
  of	
  effect	
  sizes	
  of	
  treatments	
  

•  Analysis	
  of	
  the	
  rela+onship	
  between	
  variables	
  



Example	
  1	
  

	
  
Effect	
  size	
  =	
  Yield	
  ra+o	
  
	
  
=	
  Corn	
  yield	
  aker	
  cover	
  crop	
  /	
  Corn	
  yield	
  aker	
  bare	
  soil	
  	
  



Meta-­‐analysis	
  de	
  données	
  issues	
  de	
  37	
  ar0cles	
  
(Miguez	
  &	
  Bollero	
  2005)	
  

Effet	
  des	
  cultures	
  intermédiaires	
  sur	
  le	
  rendement	
  



	
  
Logarithm	
  of	
  yield	
  ra+o	
  
	
  
	
  

	
  	
  
	
  
	
  
pour	
  	
  	
  	
   	
  biculture(10	
  observa+ons),	
  	
  

	
   	
  grass	
  (68	
  observa+ons),	
  	
  
	
   	
  legume	
  (82	
  observa+ons)	
  

	
  
	
  Horizontal	
  bar	
  =	
  variance	
  

Li = log Yield after cover crop
Yield w/o cover crop

!

"
#

$

%
&

Effect	
  of	
  cover	
  crop	
  on	
  corn	
  yield	
  	
  
	
  

(Miguez	
  &	
  Bollero	
  2005)	
  



Example	
  2	
  

	
  
Effect	
  size	
  =	
  Yield	
  ra+o	
  
	
  
=	
  Yield	
  of	
  organic	
  crop	
  /	
  Yield	
  of	
  conven+onal	
  crop	
  	
  



Nature,	
  2012	
  







Example	
  3	
  

	
  
Effect	
  size	
  =	
  Bird	
  abundance	
  ra+o	
  
	
  
=	
  Abundance	
  in	
  organic	
  farm	
  /	
  Abundance	
  in	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  conven+onal	
  farm	
  	
  



Wilcox	
  et	
  al.,	
  2014	
  



Example	
  4	
  

	
  
Effect	
  size	
  =	
  Yield	
  ra+o	
  
	
  
=	
  Yield	
  in	
  no	
  +ll	
  system	
  	
  /	
  Yield	
  in	
  conven+onal	
  +llage	
  system	
  	
  









Example	
  5	
  

	
  
Effect	
  size	
  =	
  Farmers’	
  profit	
  ra+o	
  
	
  
=	
  Profit	
  with	
  GMO	
  	
  crop	
  	
  /	
  Profit	
  without	
  GMO	
  









Objec+ve	
  

•  Es+ma+on	
  of	
  effect	
  sizes	
  of	
  treatments	
  

•  Analysis	
  of	
  the	
  rela+onship	
  between	
  variables	
  



Example	
  6	
  

	
  
N2O	
  emission	
  =	
  f(N	
  fer+lizer	
  dose)	
  



Y	
  =	
  EF.X	
  	
  
	
  

Y	
  	
   	
   	
  N2O	
  emissions	
  in	
  kg	
  N2O-­‐N	
  ha-­‐1	
  year-­‐1	
  

X	
   	
   	
  amount	
  of	
  synthe+c	
  and	
  organic	
  N	
  applied	
  in	
   	
   	
  
	
   	
  kg	
  N	
  ha-­‐1	
  year-­‐1	
  

EF 	
   	
  emission	
  factor	
  	
  (amount	
  of	
  N2O	
  emiqed	
  per	
   	
   	
  
	
   	
  unit	
  of	
  applied	
  N	
  in	
  kg	
  N2O-­‐N/kg	
  N)	
  

	
  

•  	
  In	
  1999,	
  EF	
  was	
  fixed	
  at	
  1.25%	
  (Bouwman,	
  1996)	
  

•  In	
  2006,	
  EF	
  decreased	
  at	
  1%	
  (Stehfest	
  &	
  Bouwman,	
  2006)	
  

IPCC	
  –	
  Tier	
  1	
  method	
  



Emission	
  =1	
  +	
  0.0125	
  Dose	
  

Effect	
  N	
  fer+lizer	
  dose	
  on	
  N2O	
  emission	
  
(Bouwman	
  et	
  al.	
  1996)	
  

	
  
	
  
	
  
	
  
	
  





Example	
  7	
  

	
  
Yield	
  change	
  =	
  f(climate	
  change)	
  



Wilcox	
  and	
  Makowski	
  (2014)	
  

	
  
	
  



Main	
  steps	
  of	
  a	
  meta-­‐analysis	
  

•  Defini+on	
  of	
  the	
  objec+ve	
  	
  

•  Systema+c	
  review	
  

•  Data	
  selec+on	
  and	
  extrac+on	
  	
  

•  Sta+s+cal	
  analysis	
  

•  Assessment	
  of	
  risk	
  of	
  publica+on	
  bias	
  and	
  sensi+vity	
  analysis	
  

•  Presenta+on	
  of	
  results	
  and	
  of	
  associated	
  uncertain+es	
  



Main	
  steps	
  

•  Defini0on	
  of	
  the	
  objec0ve	
  	
  
•  Defini0on	
  of	
  the	
  quan0ty	
  of	
  interest	
  (response	
  variable,	
  ra0o	
  etc.)	
  
•  Defini0on	
  of	
  explanatory	
  variables	
  
•  Popula0on	
  

•  Systema+c	
  review	
  

•  Data	
  selec+on	
  and	
  extrac+on	
  	
  

•  Sta+s+cal	
  analysis	
  

•  Assessment	
  of	
  risk	
  of	
  publica+on	
  bias	
  and	
  sensi+vity	
  analysis	
  

•  Presenta+on	
  of	
  results	
  and	
  of	
  associated	
  uncertain+es	
  



R = XE

XC

Value	
  in	
  the	
  experimental	
  
treatment	
  

Value	
  in	
  the	
  control	
  	
  
treatment	
  



R = XE

XC

Yield	
  in	
  organic	
  system	
  

Yield	
  in	
  conven+onal	
  system	
  



R = XE

XC

Yield	
  of	
  a	
  crop	
  grown	
  aker	
  
a	
  cover	
  crop	
  

Yield	
  of	
  crop	
  grown	
  directly	
  
aker	
  another	
  crop	
  



R = XE

XC

Number	
  of	
  insects	
  in	
  a	
  GM	
  crop	
  

Number	
  of	
  insects	
  in	
  a	
  
non-­‐GM	
  crop	
  



R = XE

XC

Bird	
  abundance	
  in	
  organic	
  farms	
  

Bird	
  abundance	
  in	
  conven+onal	
  farms	
  



Y = f (X)

Response	
  variable	
  

Explanatory	
  variable(s)	
  



Y =α0 +α1X

N2O	
  emission	
  

Nitrogen	
  fer+lizer	
  dose	
  



Y = exp(α0 +α1X)

N2O	
  emission	
  

Nitrogen	
  fer+lizer	
  dose	
  



Y = exp(α0 +α1X1 +α2X2 +...)

N2O	
  emission	
  

Nitrogen	
  fer+lizer	
  dose	
  

Soil	
  organic	
  content	
  



log Y
1−Y

=α0 +α1X

Propor+on	
  of	
  
diseased	
  plants	
  

Dose	
  of	
  fungicide	
  



XC 	
  XE	
  

Popula+on	
  

Individual	
  



XC 	
  XE	
  

Wheat	
  studies	
  in	
  Europe	
  

Wheat	
  study	
  

Yield	
  in	
  org.	
  syst.	
  Yield	
  in	
  conv.	
  syst.	
  



XC 	
  XE	
  

Popula+on	
  

XC 	
  XE	
  
XC 	
  XE	
  

XC 	
  XE	
  

XC 	
  XE	
  

XC 	
  XE	
  
XC 	
  XE	
  

XC 	
  XE	
  

Sample	
  



XC 	
  XE	
  

XC 	
  XE	
  
XC 	
  XE	
  

XC 	
  XE	
  

XC 	
  XE	
  

XC 	
  XE	
  
XC 	
  XE	
  

XC 	
  XE	
  

Es+ma+on	
  of	
  	
   E
XE

XC

!

"
#

$

%
&



Y 	
  X	
  

N2O	
  studies	
  in	
  Canada	
  

Study	
  

N	
  fer+lizer	
  dose	
  N2O	
  emission	
  



Y 	
  X	
  

Popula+on	
  

Y 	
  X	
  
Y 	
  X	
  

Y 	
  X	
  

Y 	
  X	
  

Y 	
  X	
  
Y 	
  X	
  

Y 	
  X	
  

Sample	
  



Y 	
  X	
  

Y 	
  X	
  
Y 	
  X	
  

Y 	
  X	
  

Y 	
  X	
  

Y 	
  X	
  
Y 	
  X	
  

Y 	
  X	
  

Es+ma+on	
  of	
  	
  Y =α0 +α1X



PICO	
  method	
  (Counsell,	
  1997)	
  
Popula+on,	
  Interven+on,	
  Comparator,	
  Outcome	
  



Main	
  steps	
  

•  Defini+on	
  of	
  the	
  objec+ve	
  	
  

•  Systema0c	
  review	
  
•  Defini0on	
  of	
  a	
  liLerature	
  search	
  equa0on	
  
•  Paper	
  lis0ng	
  
•  Addi0on	
  of	
  unpublished	
  studies	
  

•  Data	
  selec+on	
  and	
  extrac+on	
  	
  

•  Sta+s+cal	
  analysis	
  

•  Assessment	
  of	
  risk	
  of	
  publica+on	
  bias	
  and	
  sensi+vity	
  analysis	
  

•  Presenta+on	
  of	
  results	
  and	
  of	
  associated	
  uncertain+es	
  



Main	
  steps	
  

•  Defini+on	
  of	
  the	
  objec+ve	
  	
  

•  Systema+c	
  review	
  

•  Data	
  selec0on	
  and	
  extrac0on	
  
•  Defini0on	
  of	
  selec0on	
  criteria	
  
•  Selec0on	
  of	
  relevant	
  studies	
  
•  Data	
  extrac0on	
  	
  

•  Sta+s+cal	
  analysis	
  

•  Assessment	
  of	
  risk	
  of	
  publica+on	
  bias	
  and	
  sensi+vity	
  analysis	
  

•  Presenta+on	
  of	
  results	
  and	
  of	
  associated	
  uncertain+es	
  







Search	
  



ISI Web of Knowledge: Web of Science 
 
TS=((yield OR ((water OR nitrogen) AND use AND 

efficiency) OR disease OR grain)  
 AND ((climat* AND change) OR (global AND 
warming))  
 AND ((triticum AND aestivum) OR wheat)  
 AND model*) 

 
639 references found in Web of Science on 

22/05/2012 
 

  

Search equation 



Selec0on	
  



Criteria for selecting articles using the text 

•  154 articles classified as useful 
•  19 articles did not have the full text available 
•  135 articles to read 
•  45 articles did not meet the data criteria 
•  90 articles with useful data 



Data Example 1 



Data Example 2 





Database structure 





Effect	
  of	
  climate	
  change	
  on	
  wheat	
  yield	
  (%)	
  



















Main	
  steps	
  

•  Defini+on	
  of	
  the	
  objec+ve	
  	
  

•  Systema+c	
  review	
  

•  Data	
  selec+on	
  and	
  extrac+on	
  	
  

•  Sta0s0cal	
  analysis	
  
•  Defini0on	
  of	
  a	
  sta0s0cal	
  model	
  
•  Es0ma0on	
  
•  Uncertainty	
  analysis	
  

•  Assessment	
  of	
  risk	
  of	
  publica+on	
  bias	
  and	
  sensi+vity	
  analysis	
  

•  Presenta+on	
  of	
  results	
  and	
  of	
  associated	
  uncertain+es	
  



XC 	
  XE	
  

XC 	
  XE	
  
XC 	
  XE	
  

XC 	
  XE	
  

XC 	
  XE	
  

XC 	
  XE	
  
XC 	
  XE	
  

XC 	
  XE	
  

Es+ma+on	
  of	
  	
   E
XE

XC

!

"
#

$

%
&



0	
   L	
  

Random-­‐effect	
  model	
  

σ b
2

µ



	
  
Logarithm	
  of	
  yield	
  ra+o	
  
	
  
	
  

	
  	
  
	
  
	
  
pour	
  	
  	
  	
   	
  biculture(10	
  observa+ons),	
  	
  

	
   	
  grass	
  (68	
  observa+ons),	
  	
  
	
   	
  legume	
  (82	
  observa+ons)	
  

	
  
	
  Horizontal	
  bar	
  =	
  variance	
  

Li = log Yield after cover crop
Yield w/o cover crop

!

"
#

$

%
&

Effect	
  of	
  cover	
  crop	
  on	
  corn	
  yield	
  	
  
	
  

(Miguez	
  &	
  Bollero	
  2005)	
  





Main	
  steps	
  

•  Defini+on	
  of	
  the	
  objec+ve	
  	
  

•  Systema+c	
  review	
  

•  Data	
  selec+on	
  and	
  extrac+on	
  	
  

•  Sta+s+cal	
  analysis	
  

•  Assessment	
  of	
  risk	
  of	
  publica0on	
  bias	
  and	
  sensivity	
  analysis	
  
•  Funnel	
  plot	
  
•  Sensi0vity	
  analysis	
  to	
  dataset	
  characteris0cs/sta0s0cal	
  methods	
  

•  Presenta+on	
  of	
  results	
  and	
  of	
  associated	
  uncertain+es	
  



Effect	
  or	
  organic	
  farming	
  on	
  bird	
  popula+on	
  
(Wilcox	
  et	
  al.,	
  2014)	
  

Weighted	
  average	
  à+33%	
  
of	
  bird	
  in	
  organic	
  area	
  

Li = log Bird abundance in organic farming area
Bird abudance in non-organic farming area
!

"
#

$

%
&



Publica0on	
  bias?	
  

Log	
  ra+o	
  (centered)	
  

1/
st
an
da
rd
	
  d
ev
ia
+o

n	
  



Publica0on	
  bias?	
  

Log	
  ra+o	
  (centered)	
  

1/
st
an
da
rd
	
  d
ev
ia
+o

n	
  

«	
  Missing	
  »	
  data?	
  



Main	
  steps	
  

•  Defini+on	
  of	
  the	
  objec+ve	
  	
  

•  Systema+c	
  review	
  

•  Data	
  selec+on	
  and	
  extrac+on	
  	
  

•  Sta+s+cal	
  analysis	
  

•  Assessment	
  of	
  risk	
  of	
  publica+on	
  bias	
  and	
  sensi+vity	
  analysis	
  

•  Presenta0on	
  of	
  results	
  and	
  of	
  associated	
  uncertain0es	
  
•  Forest	
  plot	
  
•  Tables	
  etc.	
  	
  



Nature,	
  2012	
  

	
  
	
  
	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  



Yield	
  ra+o	
  of	
  crop	
  species	
  compared	
  to	
  
Tri%cosecale	
  (Ra+o=Yield	
  species	
  X	
  /	
  Yield	
  tri+cosecale)	
  

Laurent	
  et	
  al.,	
  2015	
   Yield	
  ra0o	
  



«	
  Evidence-­‐based	
  analysis	
  »	
  

•  Meta-­‐analysis	
  =	
  systema+c	
  review	
  +	
  sta+s+cal	
  
analysis	
  of	
  data	
  

•  More	
  objec+ve	
  than	
  qualita+ve	
  review	
  
	
  

•  Quan+ta+ve	
  analysis	
  of	
  a	
  given	
  topic	
  

•  Include	
  an	
  analysis	
  of	
  uncertainty	
  	
  
•  Useful	
  for	
  iden+fying	
  knowledge	
  gaps	
  
•  Cumula+ve	
  approach	
  


