
Meta-analysis with Bayesian 
statistical methods

David Makowski

INRA

david.makowski@inra.fr

Pornic, France
BioBayes 2019

mailto:david.makowski@grignon.inra.fr


The ‘data synthesis challenge’ 

As more and more publications and data become available, 

how to conduct rigorous and comprehensive assessments?



Formal methods are needed to conduct rigorous and 
comprehensive quantitative synthesis



Meta-analysis: a statistical approach for quantitative synthesis

« The analysis of analyses »

« The statistical analysis of a large collection of results from individual studies

for the purpose of integrating the findings »

« Systematic review + statistical analysis » 

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



Nature, March 2018
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Systematic review of studies

Set of studies dealing with a specific topic
(e.g., %yield loss due to +1°C)



Infrared heater ‘Dummy’ heater

doi.org/10.1371/journal.pone.0056482from Chi et al. 
2013

Field warming experiment

https://doi.org/10.1371/journal.pone.0056482


∆𝑌 = (𝑌𝑖𝑒𝑙𝑑𝑤𝑎𝑟𝑚- 𝑌𝑖𝑒𝑙𝑑𝑐𝑜𝑛𝑡𝑟𝑜𝑙)/𝑌𝑖𝑒𝑙𝑑𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑌𝑖𝑒𝑙𝑑 % 𝑐ℎ𝑎𝑛𝑔𝑒 𝑝𝑒𝑟 °C = 100
∆𝑌

∆𝑇
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Compilation of results of 83 field warming
experiments located in 14 sites in the world 

Field experiment
Ambient CO2
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from Zhao et al., 2016

83 values of yield sensitivity (% yield loss per°C)  in 14 sites
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…

Study 1

Study 2

from Zhao et al., 2016

Two levels of variability:
- Within study
- Between studies



Hierarchical statistical model
« Random-effect model »

𝑌𝑖𝑗 = 𝜇 + 𝑏𝑖 + 𝜀𝑖𝑗Within-study level:

Overall mean

Yield sensitivity in 
study i, replicate j

Effect of study i

Residual for jth data in study i

𝜀𝑖𝑗~𝑁 0, 𝜎𝜀𝑖
2



𝑌𝑖𝑗 = 𝜇 + 𝑏𝑖 + 𝜀𝑖𝑗Within-study level:

Overall mean
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Between-study level: 𝑏𝑖~𝑁 0, 𝜎𝑏
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Prior: Gaussian and Gamma
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Yield sensitivity in 
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Between-study level: 𝑏𝑖~𝑁 0, 𝜎𝑏
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𝜀𝑖𝑗~𝑁 0, 𝜎𝜀𝑖
2

Prior: Gaussian and Gamma
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Hierarchical statistical model
« Random-effect model »

Residual for jth data in study i



𝑌𝑖𝑗 = 𝜇 + 𝛼𝑋𝑖𝑗 +𝑏𝑖 +𝜀𝑖𝑗Within-study level:

Yield sensitivity in 
study i, replicate j

Covariate value for study i replicate j

Between-study level: 𝑏𝑖~𝑁 0, 𝜎𝑏
2

𝜀𝑖𝑗~𝑁 0, 𝜎𝜀𝑖
2

Prior: Gaussian and Gamma

Fitting algorithm:      MCMC

Hierarchical statistical model (with covariate)
« Random-effect model »



A simpler model (frequently inappropriate):
« Fixed-effect model »

𝑌𝑖𝑗 = 𝜇 + 𝜀𝑖𝑗Within-study level:

Yield sensitivity in 
study i, replicate j

𝜀𝑖𝑗~𝑁 0, 𝜎𝜀𝑖
2

Prior: Gaussian and Gamma

Fitting algorithm:      MCMC



Compilation of results of 83 field warming
experiments located in 14 sites in the world 

Field experiment
Ambient CO2



𝑆𝑖𝑗 = 𝜇 + 𝑏𝑖 + 𝜀𝑖𝑗Within-study level:

Overall mean

Yield sensitivity in 
study i, replicate j

Effect of study i

Between-study level: 𝑏𝑖~𝑁 0, 𝜎𝑏
2

𝜀𝑖𝑗~𝑁 0, 𝜎𝜀𝑖
2

Prior: Gaussian and InvGamma

Hierarchical statistical model
« Random-effect model (1) »

Residual for jth data in study i

𝜇~𝑁(𝑚𝑢, 𝑉)

𝜎𝜀𝑖
2~𝐼𝑛𝑣𝐺𝑎𝑚𝑚𝑎(𝑠𝑐𝑎𝑙𝑒𝑅, 𝑠ℎ𝑎𝑝𝑒𝑅)

𝜎𝑏
2~𝐼𝑛𝑣𝐺𝑎𝑚𝑚𝑎(𝑠𝑐𝑎𝑙𝑒𝐵, 𝑠ℎ𝑎𝑝𝑒𝐵)



scale = nu/2
shape=V*nu/2



𝜇



𝜎𝜀1
2

𝜎𝜀2
2

𝜎𝜀3
2



Mean FE

Mean RE

Gainesville

Gwangju

Harbin

Jingzhou

Khumaltar

Laguna

LosBanos

Nanjing

NewDelhi

Okayama

Shanghai

TagusValley

TamilNadu

Wuhan

-20 -10 0 10 20

% of yield difference

Meta-analysis of field warming experiments: 
Rice yield sensitivity to +1°C (ambient [CO2] ) 



Compilation of 46 results of field warming
experiments located in 11 sites in China

Field experiment
Ambient CO2



Meta-analysis of field warming experiments: 
Wheat yield sensitivity to +1°C (ambient [CO2] )
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𝑌𝑖𝑗 = 𝜇 + 𝛼𝑋𝑖𝑗 +𝑏𝑖 +𝜀𝑖𝑗Within-study level:

Yield sensitivity in 
study i, replicate j

Mean temperature during the growing season for study i replicate j

Between-study level: 𝑏𝑖~𝑁 0, 𝜎𝑏
2

𝜀𝑖𝑗~𝑁 0, 𝜎𝜀𝑖
2

Prior: Gaussian and Gamma

Fitting algorithm:      MCMC

Hierarchical statistical model (with covariate)
« Random-effect model »



Meta-regression: 
Wheat yield sensitivity vs. Mean temperature
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Meta-analysis with
Bayesian generalized random effect linear models



Untreated plot Treated plot

n0 fruits
y0 diseased fruits

nT fruits
yT diseased fruits



Effect of fungicide treatments on citrus black spot incidence

Makowski et al., 2014

Proportion of diseased fruits



GLM



GLM

Proba of diseased fruit in site i, plot j

0 (untreated), 1 (treated)



GLM

Proba of diseased fruit in site i, plot j

Log Odds ratio



GLMM
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GLMM

Prior



GLMM

Proba of diseased fruit (untreated)

Proba of diseased fruit (treated)



Makowski et al., 2014

Probability of diseased fruit



Search from Web of Science Core Collection
(2015)

TOPIC:
((meta-analy* OR (meta AND analy*)) AND bayes* AND 
(agronomy OR agriculture OR plant OR ecology)) 

• 41 documents found
• 22 documents showed applications of Bayesian methods
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Area of science Number of papers

Ecology 16

Plant pathology 2

Agronomy 2

Plant biology/Genetics 2



Software Number of papers

winBUGS/openBUGS 10

R packages 6

JAGS 2

Python 1

Not specified 3



Advantages of Bayesian methods 
according to the reviewed papers

Advantage Number of papers

No advantage mentioned 6

Take into account the hierarchical
structure of the data

12

Accomodate missing data and expand
the size of the dataset

8

Explicitly quantify uncertainty 2

Incorporate prior information 1



Conclusion

• Meta-analyses can be easily performed using
Bayesian methods

• Bayesian methods potentially useful to 

– Handle missing data

– Increase the size of the dataset

– Deal with complex dataset structure

– Deal with uncertainty


