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Dairy : NZ's Pillar industry

* An “agricultural revolution” in the 1980s

* Global demand fuels the NZ dairy industry
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Motivation

« Various programs have been launched to control nutrient
pollution, but both the government and dairy farmers are still
facing tremendous environmental pressure.

« To maintain the international competitiveness and regulate the
negative environmental impact, it is important to explore the
relationship between diary yield and intensive farming.

« Considering various characteristics of different regions, the
relationship between dairy yield and intensive farming might be
partially estimated if spatial effects are excluded.
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Research Objectives

* Apply spatial panel data models, examining the spatial
relevance of territorial dairy yield with regard to intensive
farming in New Zealand.

« Take iInto account the traditional intensive inputs but also
Includes the areas of effluent sprayed over farms.

 Allow for spatially modeling the different dairy yields between
South Island and North Island with respect to intensive farming.
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Methods aTmi Data

Spatial Panel Data Models

« Spatial panel data are expressed as specific point locations and
aggregated data over geographic areas.

« The relationships between the spatial units are exogenously
specified by using the spatial weights matrix.

« Account for fixed or random effects in the setting of both a
spatial autoregressive variable and a spatial autocorrelated error
process (Debarsy & Ertur, 2010).
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Data from Two Database

« The Agricultural Production Census (Statistics NZ)

-fertilizer application (N nitrogen, P phosphorus, L lime and K
potassic fertilizer) and the area of effluent irrigated (EFF).

« Dairy Statistics (DairyNZ): Y (kg MS/ ha) and SR (stock rate,
numbers of cow/ efficient areas)
Panel Data Structure

Years of 2002, 2007 and 2012; fifty-five out of sixty-seven NZ
territorial authorities.
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Spatial Diagnosis-Visualized Data

2007 terrirorial diary yield distrubution
kg MS/ ha (raw)

[ ]s31-633

2007 terrirorial dairy yield distrubution
kg MS/ ha (raw)

[ Is31-633

2002 terrirorial dairy yield distrubution
kg MS/ ha (raw)
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Figure 1a Dairy yield distribution-raw in 2002 Figure 1b Dairy yield distribution-raw in 2007  Figure 1c Dairy yield distribution-raw in 2012

2012 terrirorial dairy yield distrubution
kg MS/ ha (normalized)

2007 terrirorial dairy yield distrubution
kg MS/ ha (normalized)

2002 terrirorial dairy yield distrubution
kg MS/ ha (normalized)
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Figure 1d Normalized distribution in 2002 Figure 1e Normalized distribution in 2007 Figure 1f Normalized distribution in 2012
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Spatial Diagnosis-Moran’s I test

We use Moran’s | test to diagnose the existence of spatial
autocorrelation.

The test Is developed to explore the spatial interaction for
cross-sectional data, we calculate it for the years of 2002,
2007 and 2012 respectively. In this test, the null hypothesis is
specified to be no spatial autocorrelation.

The relationship between two spatial units through the
expression of contiguity weights: Queen contiguity and rook
contiguity.
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Spatial Panel Model Selection

The dairy yield response equation with main-effects considered:

lnY,-t
— ﬁ() + ﬁllnN,-t + ﬁzlnPit + ﬁglnLIMit + ﬁ4lnP0it + B5lnEFF,-t
+ ﬁ6lnSRit + ﬁ7RE + BgTI + Hi +£it (1)

 RE and TI are dummy variables representing the region effects (of South
Island, using North Island as the base region) and the year effects (of year
2007 and 2012, taking 2002 as the base year).

* ¢&; 1san independently and identically distributed error term;

« u;denotes a spatial specific effect.
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Spatial Panel Model Selection

The dairy yield response equation with interaction-effects
considered:

InY;

= Bo + f1InN;; + B2InP;; + B3InLIM;; + B4InPO;; + BsINEFF
+ BoInN i INEFF;; + B7,InP;;InNEFF;; + BgInLIM ;;InEFF ;;

+ BolnPO;;INEFF;; + B10InSR;; + B11RE

Aelarhl dheMiartsBibs about their means. See the @a&ry yield response to
fertilizer use given different levels of effluent irrigation areas.

10
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ultiplier (LM) Test

Test the random effects and spatial autocorrelation. We consider a spatial
autoregressive model with spatially autocorrelated disturbances of order
(1, 1) (SARAR (1, 1) model) and can be described by equation 3.

The Lagrange M

Yii=AWY;  + Xy B+ 1u; + Uy
Uy,=pWU, +Vy, (i=12,..nt=12.,T) (3)

Yic = (Y10 Y20 - Yne) iS the nx 1 vector of the dependent variable
(dairy yield) for all individuals in period t;

X;¢ 1S the n X k matrix of independent variables;

Vit = (V10 Vour - » Vne) IS the innovation term;

u; 1s the n x 1 vector of individual fixed effects.

p and A are the unknown spatial parameters to be estimated.

11
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Spatial Panel Model Selection---Summary

« The spatial autocorrelation exists in our data (territorial dairy
yields in regard to intensive farming);

« \We choose rook contiguity weights matrix.

« \We choose spatial autoregressive (lagged) fix effects model;

Yi =AWYjp+ Xy frp+ & 23~ N(D, a®) fi=1.2..mt=12,..T)

12
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Variables
Basic Model 1 Basic Model 2 S-Model 1 -

S-Model 2

Results

2.41*** 2.44%** 2.09*** 2.13***
Intercept
(3.89e-02) (2.91e-02) (3.72e-02) (2.75e-02)
- Pa rt 1 -5.94e-02** -6.00e-02*** -6.83e-02*** -6.96e-02***
(1.79e-02) (1.57e-02) (1.76e-02) (1.54e-02)
3.91e-02** 4.86e-02*** 4.23e-02** 5.33e-02***
(1.37e-02) (1.22e-02) (1.35e-02) (1.21e-02)
-2.33e-02 -2.83e-02* -2.21e-02 -2.75e-02*
L
(1.58e-02) (1.40e-02) (1.56e-02) (1.37e-02)
-1.71e-02. -1.43e-01 -1.40e-02 -1.16e-02
K
(1.04e-02) (9.16e-03) (1.02e-02) (8.99e-03)
6.83e-02*** 5.57e-02*** 6.87e-02*** 5.76e-02***
EFF
(1.17e-02) (1.05e-02) (1.15e-02) (1.03e-02)
1.18*** 1.13*** 1.20%** 1.15%**
(7.58e-02) (6.69e-02) (7.47e-02) (6.59e-02)
1.10e-01* 1.03e-01*
Lambda (%)
(5.48e-02) (4.69e-02)
R 0875 081 059
Log-likelihood 326.36 351.33 329.01 355.62
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PEFF

Group dummy SOUTH

Yeardummy2007

Yeardummy2012

4.17e-02%**

(6.82¢-03)

9.57e-03
(1.29-02)

2.31e-02%*
(7.956-03)

1.04e-01***

(1.95e-02)

2.97e-02*
(1.39-02)

-9.66e-02***

(1.84-02)

-3.93e-02%*
(1.22e-02)

3.79e-02***

(6.21-03)
2.13e-02.
(1.16-02)

3.47e-02%**

(7.13e-03)

4.05e-02***

(6.71e-03)

6.65e-03
(1.27e-02)

1.72e-02*
(7.81e-03)

1.05e-01***

(1.94e-02)

3.03e-02*
(1.37e-02)

-9.33e-02***

(1.81e-02)

-3.99e-02***
(1.21e-02)

3.67e-02***

(6.10e-03)

1.99e-02.
(1.14e-02)
2.950-02%**

(7.01e-03)

14
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Dairy yield response to fertilizer given the areas of irrigated effluent
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Conclusions---lvlodel results

 The results clearly show that the spatial panel model with
Interaction-effects fits our data better than the other models:

* Most of the intensive farming variables are statistic significant;

« There are significant spillovers in territorial dairy yield data.

16
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COI’IC'USiOI‘IS---PoIicy Implication

 From a national perspective, policy makers should take into
account of the neighbouring impact between territories.
Consequently, political decisions do not only affect the district
which they are targeted but also the neighbouring districts. This
fact would motivate political cooperation between different
territorial authorities.

« The more sensitive response to intensive inputs of South Island
encourage the regional governments of the South Island to
make the best use of intensive inputs, which could significantly
Increase the dairy production.

17
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COI’IC'USiOI‘IS---PoIicy Implication

« The positive coefficients of intensive inputs as well as the
positive time effect prove the increasing trend of intensive dairy
farming over the past decade and highlight its positive impact on
dairy yields.

« Because the rational utilization of effluent can complement
chemical fertilizer use, encouraging effluent use might help the
dairy industry not only meet the needs of economic growth but
also protect the environment.

18



THANK YOU !




