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Research Background
§ Policy responses to address water quality degradation have helped 

reduce the overall OECD agricultural nutrient surpluses, predominantly 
nitrogen and phosphorus. 
§ A few exceptions, such as New Zealand (NZ) - an upward trend in 

nutrient surpluses.
§ NZ’s dairy industry has increasingly intensified over the past few 

decades, e.g., increases in land use, intensive inputs such as fertilizers, 
and stocking rates - increasing nutrient pollution threatening the water 
quality of NZ’s lakes, streams, and rivers.

§ The NZ government has launched a series of programs to control 
nutrient pollution and support the sustainable development of the dairy 
farming sector. 
§ Dairy farmers are required to comply with good management practices 

(GMPs) to meet the new targets for sustainable growth as well as 
imminent regulations set by the government.

§ Most of the GMPs are voluntary – understanding farmers’ decisions on 
GMP adoption is important for the success of policy aiming at water quality 
protection.



Literature & Research Gap
§ The literature on adoption analysis shows that farmers’ adoption of 

sustainable agricultural practices is contingent on many factors：farm 
and farmer-specific characteristics, social and cultural norms, 
availability of support and resources, and perceived financial benefit
§ Extant studies on farmers’ adoption behaviours in NZ are mainly 

qualitative studies based on interviews
§ Another gap arises from the ignorance of social interactions among 

farmers in the empirical studies, e.g., social networks via farmer groups
§ Spatial dependence between farmers is another factor that is often been 

neglected.

§ To the best of our knowledge, this study is the first attempt to address 
the research gap of understanding the social interaction effect 
through farmer group participation on GMP adoption in NZ.
§ Existing studies on the effect of farmer group participation have focused on 

economic returns, e.g., profit, revenue, production, and productivity.
§ An exception is from Yang and Knook (2021) who evaluated the effect of a 

participatory extension program on farmers’ adoption of soil management 
practices in Scotland



Research Objectives
This study aims to explore the impact of participation in farmer
groups on dairy farmers’ adoption of GMPs in NZ, with the spatial
dependence considered in their decisions on participating in
farmer groups.

• Being the first attempt to address the social interaction effect 
through farmer group participation in NZ, we employ a spatial 
propensity score matching (PSM) method to account for 
selection bias in farmers’ participation in farmer groups

• It allows for correct estimation of the effect of farmer group 
participation in their adoption of sustainable farming practices.



§ Data used in this study is sourced from the Upper 
Waikato Sustainable Milk Project (2012-2015) which is 
the largest environmental good practice project ever 
undertaken by the NZ dairy industry.
• Farmers voluntarily made commitments to adopting 

sustainable farming practices at the start of the project.
• Follow-ups are made by face-to-face interviews and 

questionnaires (by experienced farm consultants) to see if 
farmers have completed their commitments to the plan.

§ Sample: a total of more than 200 questionnaires were 
collected in 2015, which produces a final sample of 163 
valid observations, with the incomplete or erroneous ones 
excluded. 

Data and variable



Data and variable
Variable Descriptions
Outcome variables Good management practices (GMPs)

Nutrient management (NM) Dummy, =1, if the farm has an up-to-date nutrient 
budget or a nutrient plan.

Winter off cows (WIFF) Dummy, =1, if the farm has cows wintered off.
Soil test (ST) Dummy, =1, if soil test frequency is less than two 

years.
Riparian plantation (RP) Dummy, =1, if the farm has had riparian plantations 

or a plantation plan.
Treatment Dummy, =1, if the farmer participates in farmer 

groups.

Covariates include Variables used in propensity score matching and outcome 
models, such as drivers and barriers, farm characteristics (production system, 
stock rate, farm size, farm contour, distance), and farmer characteristics (age, 
education, income)



Models
§ Spatial propensity score matching methods

1. Sample selection model, where treatment:
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Latent variable can be specified as: 
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Further specified as a spatial Durbin 
probit (SDM probit) model
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2.the propensity score 
matching process to 
compare the adoption of 
GMPs of the treated group 
to the control group.

3. The spatial PSM stated 
above produces a matched 
data set that is used to 
analyse the impact of farmer 
group participation on the 
intended outcome Y 
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a binary logit model to estimate the 
participation effect: 



Empirical Results – SDM probit
Variable Non-spatial probit model Spatial probit model

Coefficients (std. error) Direct effects Indirect effects Total effects
DR1 0.345 (0.11)** 0.123** 0.081** 0.204**
DR2 0.231 (0.09)** 0.223** 0.041** 0.264**
BA1 -0.421(0.12)*** -0.367*** -0.089*** -0.456***
BA2 -0.123 (0.4) -0.049 -0.017 -0.066
PS2 0.016 (0.02) 0.062 0.003 0.065
PS3 0.012 (0.009**) 0.014** 0.002** 0.016**
Stocking rate 0.313 (0.102) * 0.313* 0.021* 0.334*
Farm size 0.0001 (0.00002)*** 0.0001*** 0.0001*** 0.0002***
Farm contour -0.004 (0.01) -0.014 -0.007 -0.021
Distance -4.41 (1.45)*** -3.326*** -1.004** -4.33**
Income 0.004 (0.02) 0.004 0.002 0.006
Age -0.038 (0.002)*** -0.03*** -0.011*** -0.041***
Education 0.173 (0.04)*** 0.117*** 0.061*** 0.178***
Wy (𝝀 ) - 0.415***(0.04)
LogLik -123.48 -156.190
McFadden R2 0.230 0.361

Spatial effects should not be ignored - the inaccuracy of ignoring spatial 
effects may cause a biased estimation of the treatment effect



Empirical Results – Treatment effects

• Participation in farmer groups increases the probability of adopting GMPs.
• the potential overestimation of farmer group participation when sample 

selection bias and spatial effects are not controlled 

Regression Unmatched 

sample

Post PSM with regression

Regression 

Non-spatial matched 

sample

Regression 

Spatial matched 

sample
NM 1.93 (0.1)*** 1.86 (0.04)*** 1.81 (0.06)***
WIFF 1.73 (0.1)*** 1.68 (0.04)*** 1.43 (0.05)***
ST 1.86 (0.09)*** 1.79 (0.04)*** 1.73 (0.05)***
RP 1.95 (0.15)*** 1.88 (0.03)*** 1.83 (0.03)***

§ ATE of participation in farmer groups on the adoption of GMPs across
different estimation settings



Empirical Results
§ Other factors influencing the adoption of GMPs

§ Access to information (driver) and financial issues (barrier) 
are found to be the potential factors that affect farmers’ 
uptake of GMPs. 

§ Farms having high input farming system and larger farm 
size are more likely to adopt GMPs

§ Younger farmers with higher education levels are more 
likely to adopt GMPs.

§ Distance to the nearest water bodies is found to only affect 
farmers’ adoption of riparian plantation, indicating that the 
characteristics of a specific GMP affect farmers’ adoption 
choices – riparian plantation is closely related to waterways 
management. 



Conclusions & Implication
§ Being one of the first studies, this study empirically analyses the 

effect of farmer group participation on the adoption of sustainable 
agricultural practices for dairy farmers in NZ, with the spatial 
dependence between farmers considered. 
§ the spatial PSM process addresses the selection bias in farmers’ 

participation in farmer groups and controls for the spatial effects of farmer 
group participation in their adoption of GMPs

§ spatial dependence exist in farmers’ participation in farmer groups which 
further motivates their adoption of GMPs

§ Our findings indicate that social interactions among farmers 
should be considered in designing policies to promote the 
voluntary adoption of sustainable agricultural practices. 
§ Facilitating farmer group activities – motivating learning and knowledge 

spillover
§ Facilitating social interactions amongst farmers living in the same 

community (i.e., geographically close by) – peer effects
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