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Pork is one of the main animal protein sour ces around the world. Therefore, pig husbandry is an important
livestock industry in many counties. However, farmers have been facing increasingly competitive and rigorous
operating challenges in the last decade because of increased competition and feed prices. Following the general
tendency of worldwide agricultural trade liberalization due to ongoing WTO negotiations (Galanopoulos et al. 2006),
competition in the pig farming sector of many countries unavoidably increased. The prices of feed ingredients, e.g.,
corn and soybeans, have kept increasing and becoming more volatile since 2005." For example, global prices of

many crops nearly doubled between 2005 and 2007, and continued rising in early 2008 (OECD 2008). Further, the

! The report of OECD-FAQ Agricultural Outlook 2009-2018 indicated that episodes of extreme price volatility similar to the hike
in 2008 cannot be ruled out in coming years, particularly as commodity prices have become increasingly linked to oil and energy

costs, and as environmental experts warn of more erratic weather conditions.


http://www.agri-outlook.org/

prices of corn and soybeans for the next decade after adjustment for inflation are projected to be 10-20% higher than
the average prices for 1997-2006 (OECD-FAO 2009), suggesting that the pressure from high feed cost will not be
alleviated. Because of the volatility of feed prices, farmers have difficulties in controlling feed cost and planning the
future. With these challenges, farmers need to enhance their operating efficiency for survival and profitability.
Measuring and monitoring production efficiency of pig farms are thus critical for farming managers and legislatures
to make appropriate adjustments for production enhancement.

As for the efficiency measurement methods, due to the advantage of not needing to impose any explicit
functional form on the data, and being able to easily accommodate multiple input and outputs cases, Data
Envelopment Analysis (DEA) is one of the most popular approaches used to appraise firms® performance in the
literature. Traditional DEA models usually deal with efficiency of input resources vs. output products of associated
decision making units (DMUSs) within cross-sectional data (Tone and Tsutsui, 2009a). However, Fare and Grosskopf
(2000) had indicated that based on the traditional measurement, production is thought of as a “black box™, and the
actual transformation process of inputs into outputs is generally not modeled explicitly. Consequently, individual
DMU managers would have difficulty retrieving specific information about the sources of inefficiency within their
DMuUs. Therefore, many variants on DEA have been developed to add more structure to the model to improve its
real-world application.

Castelli et al. (2008) classified the DEA models which consider the internal structure of evaluated Decision
making Units (DMUSs) into three categories: shared flow, multilevel, and network models. Shared flow models,
which were first developed by Beasley (1995) and subsequently revised by Mar Molinero (1996), Cook et al. (2000),
and Tsai and Mar Molinero (2002), are often referred to as multi-activity or multi-component models. These models
are applied when it is possible to partition a DMU as a collection of components that contend their inputs and/or
outputs to other components of the same DMU. Multilevel models are referred to when some of the inputs (or
outputs) of a DMU are also inputs (or outputs) of its subunits (or sub-DMUSs), but some other inputs (or outputs) are
not. The representative paper is the work of Cook et al. (1998). Network models, including static and dynamic
frameworks, were first introduced by Fare and Grosskopf (1996). These models take intermediate flows among the
subunits into account.

These abovementioned models have been commonly applied to assess the efficiencies of firms in various



industries.? However, only a few studies such as Fére and Whittaker (1995) and Féare and Whittaker (1996), have
employed these models for the livestock industry. Fare and Whittaker (1995) proposed a static network model that
includes the intermediate flows into their dairy production problem. Fére and Whittaker (1996) further revised the
model with a dynamic structure to analyze the efficiency of cattle producers with permits for grazing on public land.
The sub-technologies considered in these two articles are crop and livestock production, and crop production became
the input of the livestock production. Nevertheless, the several sub-processes within livestock production were not
considered, such as breeding and farrowing sows and raising pigs to maturation. The efficiency of each sub-process
contributes to the overall performance of a pig farm which performs all phases of production. Without considering all
production phases of a livestock farmer, the conventional DEA model relinquishes underlying diagnostic values
potentially available to management (Tone and Tsutsui, 2009b).

The major objective of this study is to propose a dynamic multi-activity network DEA (DMNDEA) structure to
evaluate performance of Taiwanese farrow-to-finish pig farms, based on 2006 data. This model, combining the
shared flow model and network model with the consideration of the non-zero slack, is expected to provide more
comprehensive information about production efficiency to farmers than the traditional one. Particularly, traditional
DEA, in which efficiency is measured radically, is often criticized for its assumption that inputs and outputs undergo
proportional changes (Tone and Tsutsui 2009b) and for not considering the inefficiency associated with non-zero
slack (Cooper et al. 2007; Fukuyama and Weber 2009). The idea of the directional slacks-based inefficiency (SBI)
measure developed by (Fukuyama and Weber 2009) is incorporated into our model to allow inputs and outputs with
non-proportional changes.

In order to better describe the technologies which make up hog production, in this study we divide the entire
production operation of the farrow-to-finish system into two processes. One is the breed-to-farrow phase, whose
activities include breeding females and their maintenance during pregnancy and nursing. The other one is the
wean-to-finish phase, whose activities include care of pigs after weaning, and feeding them to a slaughter weight.
Intuitively, the relationship between these two phases is consecutive, from breed-to-farrow to wean-to-finish.
However, according to the operation characteristics of Taiwanese farrow-to-finish pig farms, their relationship as
shown in Fig 2 is not only intertemporal and but also contemporaneous, because these two phase overlap or are

operated simultaneously, even for the farms which adopt an all-in all-out system.

2 Please refer to Castelli et al. (2008) for the relating literature reference.
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Consequently, we indicate that the weaned pigs produced in the previous period (t-1 period) are treated as
intermediate inputs and used to produce the finished hogs along with the inputs of feed, labor, capital and other
variable inputs in the current period (t period). Further, the same four inputs shared to raise sows to produce weaned
pigs become the input for the next period (t+1 period). The length for each period is designated as 6 months, since

weaned piglets require 6 months to reach market weight in Taiwan.

Empirical results provide the following findings. First, although the overall technical inefficiencies obtained
from DMNDEA do not appear to differ from those of a traditional one-stage model, the DMNDEA results show that
the source for inefficiency in each farm differs. Some farms have inefficiency in the breed-to-farrow production
phase and some in the wean-to-finish phase. This valuable information is unavailable from traditional models.
Second, consideration of non-zero slack has a significant impact on the efficiency results, indicating the importance
of counting all the slacks that exist in the model when performance evaluation using a DEA model is conducted.
Third, the regression results show that the efficiency determinants in each production phase are not completely the
same, indicating the need to identify the influential factors for each production phase. The policy implication is that
if the inefficiency is attributed mainly to factors in the breed-to-farrow phase, efforts to concentrate on hog
production business and expand operating scale as well as use more self-prepared feed would be helpful to improve
performance. In contrast, if causes of the inefficiency are located in the wean-to-finish phase, adopting more

automated equipment together with the above three strategies will be more effective in improving efficiency.
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