
Yield effects of agricultural cooperative membership: A 

meta-analysis

Wanglin Ma1, Sanghyun Hong2, Bob Reed2, Jane Duan3, 

Phong Luu1
1Lincoln University, New Zealand;

2University of Canterbury, New Zealand
3Stats NZ, Christchurch, New Zealand;

Virtual Meeting on “Farmers’ Organizations and Sustainable Development” 

7-9 September 2022



Structure

1. Motivation

2. Mechanism of how cooperative membership 
affects yield

3.Meta-dataset and methods 

4.Results and discussions 

5.Conclusions



1. Motivation

Background

Ø Improving the yield of crops and livestock in agricultural
production is a key to ensuring global food security, relieving
hunger and poverty, and boosting rural income growth and
sustainable development.

Ø The growth in farm yield and food production has
continuously been challenged by several factors such as
climate change, higher input prices, degradation of natural
resources, the loss of biodiversity, and the spread of
transboundary pests and diseases of plants and animals.

Ø Agricultural cooperatives are expected to benefit smallholder
farmers from agricultural production and marketing.



1. Motivation

Literature Review
Ø No consensus has been reached regarding how cooperatives
influence farm yield.

(1) Most of the studies show that cooperative membership
significantly increases the yield (Ahado et al. 2021; Bairagi
& Mottaleb 2021; Chagwiza et al. 2016; Ingutia &
Sumelius 2022).

(2) Some of them find that cooperative membership does not
have a significant impact on the yield (Hun et al. 2018;
Kashiwagi 2020; Mwaura 2014; Shumeta & D’Haese 2016).

(3) The rest even reports a negative association (Fischer &
Qaim 2012; Neupane et al. 2022).



1. Motivation

Literature Review
Ø Only two studies reviewed the literature investigating the

relationship between cooperative membership and farm
performance.

(1) Grashuis & Su (2019) reviewed 56 peer-reviewed publications and
found that cooperative membership generally positively affects crop
yield.

(2) Based on 239 studies from 24 countries, Bizikova et al. (2020)
reviewed the contributions of farmers’ organizations (e.g.,
associations, cooperatives, self-help and women’s groups) to
smallholder agriculture in developing countries. They showed only
19% of reviewed studies report positive impacts on crop yield.

Drawbacks
(A) No consensus finding
(B)Qualitative summarizing analysis
(C)Fail to account for publication bias



1. Motivation

Objective
Ø We review and quantitatively synthesize the existing research

on agricultural cooperatives to identify the “average” yield
effects of agricultural cooperative membership.

Contributions
Ø Estimating the overall mean yield effects of cooperative

membership and detecting whether publication bias exists
in the existing literature.

Ø Investigating the factors affecting the variation in the
estimated sizes of the yield effects identified in different
studies.



2. Mechanism of how cooperative membership affects yield

Figure 1 Influencing pathways on the relationship between 
cooperative membership and yield
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3. Meta-dataset and methods

3.1 Data strategy and selection criteria

ØWe collect the required studies from different databases,
including Google Scholar, Scopus, JSRTOR, RePEc, Web of
Science and ScienceDirect and others.

ØThe selected studies include journal articles, working and
conference papers, master thesis, and PhD dissertation.

ØThe “cooperative” group consisted of “cooperatives”,
“cooperative membership”, “producer association”, “farmer
association”, “farmer group”, “farmer-based organization”,
“farmer organization”, and “collection action”.

ØThe “yield” group consisted of “yield”, “productivity”,
“household welfare”, and “farm performance”.

ØThe “agriculture” group consisted of “agriculture”, “farm”,
“rural”, “crop” and “livestock”.



3. Meta-dataset and methods

3.1 Data strategy and selection criteria

Ø First, the study must empirically analyse the effects of cooperative
membership. Thus, the qualitative studies are excluded.

Ø Second, the study must consider the yield of crops or livestock as a
dependent variable. At this stage, we exclude studies without
considering the yield as a dependent variable.

Ø Third, the study must contain sufficient information to calculate t-
statistics. Therefore, the studies that did not report standard errors or
t-statistics are excluded.

Ø Fourth, we further compared published journal articles and thesis and
removed the thesis that overlaps with the journal articles.

Ø As a result, our original dataset consists of 43 studies, recording 158
estimated yield effects.



3. Meta-dataset and methods

3.2 Identifying and removing potential outliers

Figure 2 Distribution of t-statistic values



3. Meta-dataset and methods

3.2 Identifying and removing potential outliers
Table 1 Descriptive statistics for effect size variables

t-statistics
Full Truncated

Mean 3.037 2.900
SD 4.446 3.928
Median 2.220 2.220
Minimum -4.917 -4.903
Maximum 29.76 29.76
1% -4.903 -4.623
5% -1.995 -1.158
10% -0.280 -0.245
90% 6.733 5.92
95% 12.06 7.35
99% 22.25 19.30
Skewness 2.633 2.869
Kurtosis 14.04 18.16
Number of estimates 158 154



3. Meta-dataset and methods

3.3 Measuring the effect sizes

𝑌! = 𝛼! + 𝛽!𝐶! + 𝛾!(𝑋! + 𝜀! (1)

The yield regression can be expressed as:

+𝛽! is not directly comparable for at least two reasons.
(1) The existing studies have considered the yield of different farm
products. These studies have employed different units (e.g., tons,
kilograms, and litres) to measure the yield.
(2) Scholars have used different approaches when estimating the
yield effects of cooperative membership. Because the estimated
“effects” are captured by average treatment effects on the treated
(ATT), average treatment effect (ATE), and coefficients, they are
interpreted in different ways.



3. Meta-dataset and methods

3.3 Measuring the effect sizes

𝑃𝐶𝐶! =
𝑡!

𝑡!" + 𝑑𝑓!
(2)

We convert the estimated yield effects to a partial correlation 
coefficient:

The standard error for each PPC, i.e. 𝑆𝐸_𝑃𝐶𝐶!, is obtained 
from the PCC and t-statistic. It is specified as follows:

𝑆𝐸_𝑃𝐶𝐶! =
1 − 𝑃𝐶𝐶!"

𝑑𝑓!

(3)



3. Meta-dataset and methods

3.4 Testing the publication bias

Estimating the overall mean effect of cooperative membership 
on the yield of crops and livestock

Checking the publication bias:
(1) funnel plots;

(2) funnel asymmetry test

5𝑃𝐶𝐶! = 𝜇 + 𝜓! (4)

𝑃𝐶𝐶!# = 𝜛! + 𝜉𝑆𝐸_𝑃𝐶𝐶!# + 𝑉!# (5)



3. Meta-dataset and methods

3.4 Testing the publication bias

Ø The OLS model is not appropriate to directly estimate
Equations (4) and (5) because of heteroscedasticity;

Ø We employ the weighted least square (WLS) models,
including Fixed Effects (FE) model and Random Effects (RE)
model for meta-analysis, to address heteroscedasticity.

Ø There is no consensus on whether WLS-FE model is
superior to WLS-RE model when evaluating estimates in a
meta-analysis. We calculate study weights for selecting the
most appropriate model.



3. Meta-dataset and methods

3.5 Investigating sources of heterogeneity
Ø To investigate the sources that lead to variations in effect 

sizes, we perform a meta-analysis by estimating the 
following equation

𝑃𝐶𝐶!# = 𝛼$ + (1 − ϱ)𝑆𝐸_𝑃𝐶𝐶!# +(
%&

'
𝛼'𝑋#' + 𝜇!#

(7)

v The parameter ϱ represents a “rule” identifying whether 
𝑆𝐸_𝑃𝐶𝐶!# should be included as a regression or not.



4. Results and discussions
Table 2 Description of variables
Variables Description Mean SD
Dependent variable
PCC Effect size captured by the partial correlation coefficient 0.210 0.270
Independent variables
SEPCC Standard error of PPC 0.070 0.050
Sample characteristic
Full sample 1 if the effect is estimated by full sample, 0 otherwise 0.790 0.410
Membership ratio Ratio of the number of members to total sample size 0.460 0.190
Econometric approaches
IV-based parametric
approach

1 if primary study used instrumental variable-based parametric approach, 0 otherwise 0.170 0.380

Non-parametric 1 if primary study used non-parametric approach, 0 otherwise 0.590 0.490
OLS 1 if primary study used ordinary least square (OLS) regression, 0 otherwise. 0.340 0.480
Effect types
ATT 1 if the effect is captured by the average treatment effect on the treated (ATT), 0

otherwise
0.530 0.500

ATE 1 if the effect is captured by an average treatment effect (ATE), 0 otherwise 0.130 0.340

Coefficient 1 if the effect is captured by a coefficient, 0 otherwise 0.240 0.420
Agro-product type
Grain 1 if grain yield is used in the analysis, 0 otherwise 0.390 0.490
Publication characteristics
Publication year The year that the primary paper was published 2018 2.970
Journal article 1 if the work is published in a peer-reviewed journal article, 0 otherwise 0.880 0.330
Climate zone
Tropical 1 if primary study is carried out in a tropical region, 0 otherwise 0.700 0.460
Geographical location
Africa 1 if primary study is carried out in an African country, 0 otherwise 0.530 0.500



4. Results and discussions

4.2 Study weights
Table 3 Study weights

WLS-FE model WLS-RE model 
Mean (%) 2.381 2.381
Std. dev. 4.735 2.057
Median (%) 0.972 1.628
Minimum (%) 0.016 0.141
Maximum (%) 25.727 5.894
1% 0.016 0.141
5% 0.051 0.243
10% 0.205 0.288
90% 4.339 5.830
95% 6.155 5.854
99% 25.727 5.894
Top 3 (%) 49.885 17.637
Top 10 (%) 76.303 55.750
umber of studies 42 42



4. Results and discussions

4.2 Study weights

Figure A1 Weights from Fixed-effects analysis



4. Results and discussions

Figure A2 Weights from Random-effects analysis



4. Results and discussions

4.3 Results of publication bias

Notes: The x-axis represents the effect size captured by the PCC values; the y-
axis represents the inverse of the standard errors of the effect size. The solid
vertical line denotes the mean of the sample,

Figure 3 Funnel Plot of effect size



4. Results and discussions

4.3 Results of publication bias

Table 4 Overall mean effect of cooperative membership on the yield and 
publication bias

Fixed Effects model Random Effects model
Panel A: Without correction for publication bias
Constant (𝜇) 0.104 (0.038)*** 0.192 (0.037)***
Panel B: with correction for publication bias
SEPCC (𝜉) 2.867 (0.772)*** 1.963 (0.784)***
Constant (𝜛!) 0.008 (0.039) 0.062 (0.055)
Standard errors in parentheses; *** p < 0.01



4. Results and discussions

Table 5 Sources of heterogeneity in effect sizes 
Variables WLS-FE model WLS-RE model
SEPCC 1.854 (1.031)* 1.664 (0.858)*
Full sample 0.102 (0.051)* 0.087 (0.050)*
Membership ratio 0.287 (0.183) 0.306 (0.180)*
IV-based parametric approach 0.148 (0.079)* 0.238 (0.082)***
Non-parametric -0.031 (0.055) -0.023 (0.050)
ATT 0.187 (0.083)** 0.172 (0.062)***
ATE 0.228 (0.089)** 0.182 (0.077)**
Grain 0.117 (0.062)* 0.162 (0.068)**
Publishing year -0.004 (0.012) -0.020 (0.011)*
Journal article -0.071 (0.089) 0.004 (0.070)
Tropical -0.143 (0.090) -0.176 (0.078)**
Africa -0.012 (0.085) 0.066 (0.073)
Constant 7.440 (24.850) 40.656 (21.769)*
Number of estimates 158 158
Standard errors in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01; The reference group of IV-based 
parametric approach and non-parametric approach is OLS; The reference group of ATT and ATE is 
coefficient. 



5. Conclusions

Ø That there exists a strong upward publication bias.

Ø After correcting for the publication bias, we show that
cooperative membership has a small-sized and insignificant
effect on the yield of crops and livestock.

Ø On average, agricultural cooperatives actually do not
generally yield benefits to smallholder farmers in
developing countries.

Ø The variation in the estimated yield effects is determined by
study attributes such as whether the effects are estimated
by full sample or subsample, the econometric models used,
effect types, type of agro-product, climate zone (tropical or
non-tropical), and geographical location (African countries
or others).
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