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 6 

Few published papers have taken the undesirable input effects in productivity change analysis 

particularly in swine production of developing countries in which it is a major economic activity 

and a potential pathway for poverty reduction. Untreated and improperly disposed swine waste 

can lead to environmental degradation such as groundwater pollution and nitrous oxide 

emission from the soil. These environmental impacts occur because of huge nutrient surpluses 

of nitrogen and phosphorus in the soil and increased biological oxygen demand in the 

wastewater. As green growth initiatives are being promoted in the context of improving swine 

productivity growth sustainably, there is urgent need to consider these unpriced environmental 

impacts. The objective of this paper is to clarify if swine farm productivity growth has become 

environmentally sustainable in a developing country like the Philippines. The Environmentally 

Sensitive Malmquist Productivity Index (ESMPI) is applied to a balanced panel dataset involving 

40 small-scale and commercial swine farms in the top swine-producing regions of Central Luzon 

and Southern Luzon for the years 2002 and 2015. The results of the estimations show that only 

12 or less than one-third of the 40 swine farms experienced productivity growth at the frontier. 

Their ESMPIs ranged from 1.001 to 1.642 with a mean of 1.151, implying an increase in the 

environmentally sensitive productivity growth between 2002 and 2015. Such increases were 

largely due to efficiency rather than technological improvements. For majority of the swine 

farms, however, productivity growth, inclusive of environmental impacts, has declined. 
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1. INTRODUCTION  12 

 13 
In 2009, the Organization for Economic Co-operation and Development (OECD) laid the groundwork for 14 

green growth  [1] as a global strategy for dealing with some of the world’s most daunting challenges: an 15 

escalating world population that is projected to grow to 9.3 billion by 2050,  the required annual growth of 16 

an additional one billion tons of cereals and 200 million tons of meat in order to feed that population, and 17 

meet the current daily 3,130 kcal per capita average food consumption  (UN 2010 and Bruinsma 2009 as 18 

quoted in [2]).  19 

Green growth involves an “actionable framework that fosters conditions for investment, innovation, and 20 

competition that give rise to new sources of economic growth consistent with resilient ecosystem.” It is 21 

“growth that not only helps green economies, but also helps move towards sustainable development by 22 

ensuring that environmental sustainability contributes to, or at least does not come at the expense of, 23 

social progress” [3]. In a nutshell, the move toward growing green implies three requisites: low carbon or 24 

pollution, resource efficiency, and social inclusion [4]. 25 

The motivation for green growth particularly in the global livestock sector comes into play as a cross-26 

cutting priority especially for emerging and developing countries where much, if not all, of the world’s 27 

population expansion is expected to occur. Furthermore, the increased demand for meat will create 28 

significant pressure upon scarce natural resources that are particularly used in the sector. 29 

Thus, agriculture in general, but the livestock sector in particular, faces significant challenges in 30 

implementing the green growth strategy. This is because alongside important windows of opportunities 31 

especially for smallholder livestock producers, new perils such as environmental pollution and health risks 32 

have emerged [5], [6]. At the same time, reservations arise as to whether there is still room for agricultural 33 

productivity to increase, where it is most desired, and the role that small-scale farming will play in the 34 

future if any.  These doubts are expressed in recognition that increasing agricultural productivity seems to 35 

be the “single most important determinant of economic growth and poverty reduction” [2] which are also 36 

the elements of pursuing green growth. 37 
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Now, just like many developing and emerging countries in Asia (e.g., Vietnam, Cambodia, Lao PDR), the 38 

swine sector in the Philippines, which is still prevalently small-scale, is a vital source of economic growth. 39 

This is because pork is an important source of animal protein and demand for pork has historically been 40 

increasing with an annual per capita consumption of 15.07 kg [7]. Moreover, the share of pork in meat 41 

production has been maintained at 55% for more than two decades or between 1990 to 2016 [8]. In 2016, 42 

the sector’s output was valued at USD 4.4 billion and its contribution to the gross value added in 43 

agriculture (GVAA) was estimated at 13.8%, which was second to the share of paddy rice. This share in 44 

GVAA has also been consistent over the past two decades. The swine sector predominates in both 45 

volume and value of livestock production with about 80% share and growing at an average annual rate of 46 

3% between 1990 and 2016 and at 6.5% rate for the first half of 2016 [8]. But despite being recognized by 47 

the World Organization for Animal Health (OIE) as foot-and-mouth-disease (FMD)-free without 48 

vaccination since 2011, the country’s pork exports are nil because domestic production in recent years 49 

has not been adequate to supply domestic needs. Self-sufficiency in pork seems to be gradually slipping 50 

from 98% in 2000 to only 92 % in 2013 [8].  Some disease outbreaks also occurred during this period 51 

which were aggravated by rising fuel and feed costs and, hence, the country had to increase its 52 

importation of pork in order to meet growing demand.  53 

An additional economic benefit from swine production is its potential for social inclusion since 43% of the 54 

four million Filipinos in the agriculture sector continue to be employed by this sector. In particular, 64% of 55 

the 12.5 million swine inventories in 2016 were produced by backyard or smallholder producers [8].  By 56 

2022 and 2027, per capita pork consumption is projected to grow to 15.6 kg and 16.4 kg per year, 57 

respectively. In order to support this projected increase in per capita consumption, the 2016 swine 58 

population of 12.5 million heads will have to grow by at least 10 percent to reach 13.72 million heads by 59 

2027 [9]. Although the share of smallholder swine producers in terms of animal population has been 60 

slowly decreasing from 80% in 2000  due to the intensification or commercialization of swine production, 61 

they are still considered the backbone of rural economies, and because of this, they should be supported 62 

especially with respect to increasing their productivity growth sustainably.  63 
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The swine sector in the Philippines is also ranked eighth in the world in terms of volume of production or 64 

carcass equivalent [10] It is consistently the second most important contributor to the value of agricultural 65 

production in the Philippines [8]. Being also the largest subsector of the livestock and poultry industries of 66 

the country, it plays a major role in achieving national food security and providing employment and 67 

income opportunities particularly to smallholder producers. As a very important agricultural subsector, 68 

with vital forward and backward linkages, the economic, environmental, and social impacts of neglecting 69 

the productivity growth of swine production and its environmental ramifications will definitely be immense. 70 

But despite the aforementioned benefits that the economy derives from the swine sector, swine 71 

production is not environmentally sustainable as corroborated by [6,], [11], [12], [13]. This is because it 72 

uses the environment as an input or waste sink which consequently results in water (and even air) 73 

pollution. For instance, nitrogen and phosphorus loading from swine manure and rising biological oxygen 74 

demand (BOD) in the wastewater can contribute to groundwater pollution as well as nitrous oxide 75 

emission from the soil [6]. Aggravating the situation is the non-point source nature of pollution that is 76 

contributed by backyard swine farms who constitute the greater majority of swine producers in the 77 

Philippines. Thus, to be able to determine whether the swine sector is developing along the green growth 78 

path, it is necessary to first measure the productivity growth of the sector. Specifically, an assessment of 79 

the productivity growth in the swine sector that incorporates environmental impacts is imperative. If we 80 

ignore undesirable input effects in efficiency analysis, this could bring about misleading results [14].   81 

Having set the background and motivation of this study, the main objective of this paper is to clarify if 82 

swine productivity growth in the Philippines has become environmentally sustainable.  The research 83 

questions that the paper addresses are as follows: 84 

(1) What is the influence of incorporating environmental impacts on measured productivity growth in 85 

swine production?  86 

(2) What is the nature and extent of productivity growth and efficiency in swine production?  87 

The rest of the paper is organized as follows: Section 2 gives an overview of the data sources and 88 

methodology. Section 3 presents the results and discussion and Section 4 provides the conclusion and 89 
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implications based on empirical findings. Section 5 offers some recommendations arising from the 90 

findings of the study. 91 

2. METHODOLOGY  92 

 93 

Very few published papers have taken the undesirable input effects in productivity change analysis 94 

particularly in the livestock sector of developing countries [14]. The literature of using the Malmquist Total 95 

Factor Productivity (TFP) Index that is adjusted for environmental impacts in agricultural studies is also 96 

rather limited, although it has been fairly recently extended and applied in other fields such as in [15], [16] 97 

and [17]. Highlights of the very limited studies that were done in the international literature on the use of 98 

this particular approach and the tracing of significant efforts that have been made are given by [16] and 99 

[17]. The first study that investigated the effect of including four environmental impacts on productivity 100 

growth of US agricultural sector and derived a set of marginal abatement elasticities for these four 101 

environmental indicators is [14]
1
. They constructed an environmentally sensitive Malmquist TFP index 102 

because ‘environmental impacts cannot be incorporated into the more commonly used Fisher or 103 

Törnqvist productivity indexes without price information that will be used to weight the impacts’. 104 

Environmental impacts are generally non-marketed and thus, do not have prices. On the other hand, [18] 105 

developed a new measure of TFP growth that satisfies the materials balance condition which, 106 

accordingly, was the main criticism against earlier studies that traditionally modeled environmental effects 107 

as “either a bad output or an environmentally detrimental input in production models.” The nutrient-108 

oriented TFP (NTFP) index which is a Malmquist productivity index that is adjusted for environmental 109 

impacts was conducted by [18]. They applied this to the agriculture sector of 28 OECD member countries 110 

for the years 1990 to 2003.  111 

In the domestic arena, there are studies that have investigated the total factor productivity (TFP) growth in 112 

the Philippine agriculture. A comprehensive account of these past applications between the years 1980 to 113 

                                                      
1
 These four environmental indicators include risk to human health from exposure to pesticide leaching, risk to human 

health from exposure to pesticide runoff, risk to aquatic life from exposure to pesticide leaching and risk to aquatic life 

from exposure to pesticide leaching [14]. 
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2005 which were mostly estimated at the national or aggregate level using growth accounting and 114 

econometric approaches was presented by [19]. On the other hand, [20] estimated TFP growth in the 115 

Philippine agriculture sector using the Törnqvist index number approach. Moreover, [7] used the 116 

stochastic frontier approach that estimated a Cobb-Douglas production function to analyze TFP in the 117 

Philippine swine sector using balanced panel data of 27 swine farms for the years 2002 and 2008. 118 

However, none of these studies reviewed so far included environmental impacts in their TFP analysis. 119 

Thus, this paper contributes to the literature on using the Malmquist Productivity  Index (MPI) in three 120 

ways: 1) It attempts to incorporate undesirable inputs into productivity change measurement by 121 

introducing  new environmental factors or emission variables such as  the Biological Oxygen Demand 122 

(BOD) and Nitrogen and Phosphorus loadings from swine waste; 2) Among the past empirical studies 123 

that were reviewed in this paper, this is the first to apply the Malmquist Productivity Index that 124 

incorporates environmental impacts as they affect productivity growth over time to a balanced panel data 125 

in a developing country setting; it also has a four-category comparison of swine farms according to scale 126 

and production arrangement
2
, i.e., i) small independent farms, ii) small contract farms, iii) commercial 127 

independent farms, and iv) commercial contract farms.  This has not been done in the literature
3
 but was 128 

suggested by [22]and [7] who used the 2002 survey of swine farms as baseline; and 3) No micro-level 129 

study has yet investigated this aspect and none so in the context of green growth. As [23] put it, there is a 130 

dearth of empirical studies of productivity growth in the Philippine agriculture, especially those that focus 131 

on commodity-specific productivity growth. While agricultural productivity studies that make use of the 132 

                                                      
2
 A small swine farm is defined by the Bureau of Agricultural Statistics (BAS) as one that holds not more than 20 

head of pigs in adult-equivalent. However, the 2002 and 2015 surveys did not make this restriction but put a greater 

emphasis on the criterion of swine production being household-based, that is, using mainly household’s resources 

such as land, labor, and capital [21]. Thus, in the implementation of the survey, this study categorized small swine 

farm as having an inventory of 1-99 animals. A commercial swine farm has 100 or more animals in its inventory. The 

sample swine farms were further categorized by type of production arrangement, i.e., whether the farms were 

operated by independent growers or by contract growers.  

 
3
 [7] attempted to estimate TFP in swine production using panel data but their results were rather inconclusive and 

did not include environmental impacts. 
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econometric approach is desirable, there are constraints in the Philippine agricultural database systems 133 

(which may also be the case for many developing countries) and, thus, the use of the Data Envelopment 134 

Analysis (DEA)-based Malmquist productivity index approach can address some of these data 135 

constraints.  In addition, more researches are needed to fill this critical gap in the existing literature in 136 

order to provide scientific-based evidence to “support the design of a productivity-oriented strategy to 137 

rejuvenate Philippine agriculture” [23]. 138 

 139 

2.1 Data Sources  140 

 141 

The original intent of this paper is to use the parametric approach to measure productivity growth in the 142 

swine sector. The parametric empirical approach, among other advantages, allows for the derivation of 143 

the productivity measurement and its causal factors using only a one-step procedure that typically 144 

involves fitting parameters into a system of equations [19]. 145 

 146 

However, the parametric approach is very strict with respect to data requirements as compared to non-147 

parametric approaches. As [7]) also point out, there are no time series data on farm inputs for the swine 148 

sector in the Philippines that could complement the time series data on output, both of which could be 149 

used for productivity growth estimation.  The best alternative then is to estimate productivity growth over 150 

two periods. So far, the only systematic and comprehensive data set on swine production that has been 151 

collected is the survey that was done by [21] in 2002 on 100 backyard (small farms) and commercial 152 

swine farms in the top two swine-producing regions in the Philippines: Central Luzon and South Luzon. In 153 

order to determine the growth in productivity of swine farms over two periods, a verification survey on the 154 

continued existence of swine farms and respondent households that were interviewed in period 1, i.e., in 155 

2002, was conducted by the author from May to July 2015 using the same instrument as that in the 2002 156 

survey. However, only 40 out of the target 100 original respondent households in Central Luzon and 157 

South Luzon were still around and still raising pigs.  Twenty-nine (29) of the original sample households 158 

cannot be identified by the respective Offices of the Municipal Agriculturist, 18 have exited from swine 159 

production, and 13 were not available during the time of survey. The 40 respondent households from 160 
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period 1 (2002) and period 2 (2015) now form the balanced panel data set of this study. Admittedly, this 161 

sample size of a panel of 40 observations for two periods may not be sufficient for a parametric approach 162 

to measuring and explaining productivity growth. Thus, the author resorted to the use of the non-163 

parametric approach that incorporates environmental impacts.  164 

 165 

2.2 Analytical Procedure 166 

 167 

As will be recalled, the more commonly used Törnqvist productivity index requires price data and cannot 168 

include environmental impacts that are usually non-marketed and non-priced [14]. Hence, this study 169 

makes use of the conventional Malmquist productivity index (CMPI) as the “benchmark scenario’ and the 170 

environmentally sensitive Malmquist productivity index (ESMPI) as the ‘comparison scenario” following 171 

[14]
4
 .  172 

 173 

The DEA-based CMPI is defined using ‘input and output distance functions that permit the designation of 174 

a multi-input, multi-output production technology even without specifying whether producers aim for cost 175 

minimization or profit maximization’ [24].  It involves the construction of an efficiency frontier with respect 176 

to the technology of the initial period and using input and output data over the whole panel data of 40 177 

swine producers that are considered as the decision-making units (DMUs).  Then, the distance of 178 

individual observations (distance functions) from the frontier are computed for two data points, in this 179 

case, for the year 2002 (the base period, t) and for 2015 (period 2, t+1). Underlying these (hyperbolic) 180 

distance functions is a production function or benchmark technology against which the productivity growth 181 

is calculated. The constant returns to scale, other similar restrictions, and assumptions imposed on the 182 

benchmark technology follow those of Färe, Grosskopf, and Lovell (1985) as quoted in [14].  183 

 184 

                                                      
4
 The analytical procedure in this section draws heavily from [14]. Readers are referred to this material for 

the intricate details and assumptions of constructing the environmentally sensitive Malmquist productivity 

index.  
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The environmental impacts arising from swine production are incorporated and treated as an additional 185 

input vector since the environment is asserted to serve as waste sink into which swine producers dispose 186 

of the non-marketed ‘environmental by-products’. As such, the conventional distance functions are 187 

modified to reflect the addition of this environmental impact vector. Furthermore, the modified 188 

conventional distance functions now correspond to the environmentally sensitive (hyperbolic) distance 189 

functions from which the environmentally sensitive (hyperbolic) Malmquist productivity index (ESMPI) can 190 

be derived. 191 

 192 

The conventional Malmquist productivity index (CMPI) is presented as: 193 
 194 
CMPI (x

t
, y

t
,  x

t+1
, y

t+1
) =   {[DC

t
CMPI (x

t+1
, y

t+1
)] / [

  
DC

t
CMPI ( x

t
, y

t
)]} 

2
 195 

                                                                                                    (Equation 1)                                                                           196 
where: 197 

x   - input vector 198 

y   - output vector 199 

DC - distance function 200 

 t     - base period, period 1 201 

t+1  - period 2 202 

 203 

It is noted here that the hyperbolic distance functions, DC
t
CMPI,   also provide a ‘natural index of technical 204 

efficiency’ of period t+1 data relative to period t benchmark technology. The ratio of the respective 205 

distance functions gives the conventional hyperbolic Malmquist productivity index. Moreover, in order to 206 

avoid problems in choosing the benchmark, the CMPI is specified as the geometric mean of the two 207 

distance function indexes [14]. Expanding Equation 1 gives the following: 208 

 209 
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                                                                                                 213 
 (Equation 2) 214 

                                                                              215 
If  CMPI is >1, this implies that the swine farm is efficient, improving its productivity over time; If CMPI < 1, 216 

then productivity is decreasing over time and the swine farm is inefficient. If CMPI =1, then productivity of 217 

the swine farm has not changed or has stagnated.              218 
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 219 

The environmentally sensitive Malmquist productivity index (ESMPI) is similar to the CMPI but with the 220 

inclusion of the input vector of environmental impacts, z, as follows: 221 

 222 
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   226 
(Equation 3 ) 227 

 228 
If the value of ESMPI is >, = , or < 1, then it implies that between the two periods (t and t+1), there has 229 

been increasing, stagnating, or decreasing productivity, respectively, inclusive of environmental impacts. 230 

 231 

It is further noted that for both the conventional and environmentally sensitive MPIs, the term in the first 232 

square bracket measures the efficiency change between the two periods (t and t+1), while the term in the 233 

second square bracket measures the technical change. Thus, the Malmquist productivity index is also the 234 

product of efficiency change and technical change. 235 

 236 

Efficiency change reflects the capability of swine farms in ‘catching up’ with efficient ones between the 237 

periods 2002 and 2015. Technical change measures the shift in the technology frontier between the 238 

periods 2002 and 2015 that may come from technology improvements which in turn can arise from 239 

increased public investments in agricultural research, development, and extension [23].  It can also come 240 

from increased innovation through the adoption of technologies that contract environmental impacts along 241 

with purchased inputs and expand marketed outputs.  242 

 243 

2.3 Description of Variables 244 
 245 
Table 1 presents output, input, and environmental impact indicators used to construct the conventional 246 

and environmentally sensitive Malmquist productivity indexes in the study. 247 

 248 
     249 
Table 1. Description of variables used for CMPI and ESMPI 250 
 251 

 252 
VARIABLE DESCRIPTION 

Output (Yi) Total weight of pigs sold and unsold (kg) per 
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cycle 

Inputs (Xi) 

   Feeds 

 

Feeds purchased per cycle (kg) 

   Labor Labor (total number of hired, operator and 

family labor cycle
-1

) 

   Water Water used per cycle (in liters) 

Capital investment 

    Housing  

Animal housing and storage facilities (in m
2
) 

    Waste facilities Biogas digesters and lagoons (in m
2
) 

    Land Size of cropland for manure application (in 

ha) 

Environmental Impacts (Zi) 

   BOD 

Biological oxygen demand (kg cycle
-1

); 

computed in equivalencies per animal unit 

   Nitrogen Loading Nitrogen loading (kg) from waste, computed 

as net loading dependent on capacity of 

facilities to assimilate animal waste  

   Phosphorus Loading Phosphorus loading (kg) from waste, 

computed as net loading dependent on 

capacity of facilities to assimilate animal 

waste 

 253 

 254 
 255 

3. RESULTS AND DISCUSSION 256 

 257 

3.1 Description of Variables 258 
 259 
Table 2 shows that 32 (80%) out of the 40 swine farms were managed by independent producers and 260 

only eight swine farms (20%) were contract swine farms. Scale-wise, the proportion of small farms (52%) 261 

is almost equal to that of large or commercial swine farms (48%) in the sample. The results of the 262 
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analysis of variance (ANOVA) tests indicate that there are significant differences in the means of the 263 

output and input variables among the four categories of swine farms particularly for the period 2015.   264 

Table 2. Data summary statistics of output and input variables, by category of swine farms 265 

VARIABLES

Small 

Independent 

(n=19)

Small 

Contract 

(n=2)

Commercial 

Independent 

(n=13)

Commercial 

Contract 

(n=6)

Grand 

Average 

(n=40)

ANOVA 

F-Value

Output (kg) 2002 5,591           4,528       12,322         21,587         10,125      1.40

Output (kg) 2015 718              2,462       7,072          15,904         5,148       4.18
**

Feeds (kg) 2002 18,408         9,855       21,335         43,467         22,690      0.62

Feeds (kg) 2015 1,518           7,198       13,883         35,190         10,871      6.78
**

Labor 2002 4                  5              8                 5                 5              2.24

Labor 2015 2                  1              8                 4                 4              9.05
**

Water (liters) 2002 27,612         14,783     32,003         65,201         34,036      0.62

Water (liters) 2015 2,277           10,797     20,824         52,785         16,307      6.78
**

Housing (m
2
) 2002 333              68            872             314             492          0.72

Housing (m
2
) 2015 34                899          1,183          384             503          4.34

**

Land (has.) 2002 0.37             0.88         0.75            0.41            0.52         1.34

Land (has.) 2015 0.47             1.25         1.37            2.66            1.13         9.05
**

Waste Facility (m
2
) 2002 15                9              83               193             64            1.28

Waste Facility (m
2
) 2015 13                9              107             74               53            3.00

**

Note: 
**
 means  significant at 1%, probability level.  266 

 267 

In the previous section, the Malmquist productivity indexes were defined relative to a reference 268 

technology for the periods 2002 and 2015 and also adjusted for environmental impacts.  With this 269 

information, the measurement of productivity growth over the two periods is decomposed into efficiency 270 

change (the ‘catching-up’ effect) and technical change (the ‘frontier shift’ effect). Table 2 gives the details 271 

of the variables that were used in constructing the indexes of productivity growth, efficiency change, and 272 

technical change for each category of swine farm. In general, marketed output and important inputs such 273 

as feeds, labor, and water have decreased between the periods 2002 and 2015. Consequently, it is 274 

expected that a conventional productivity index would show decrease in productivity growth at the 275 

aggregate level. This aggregation, however, may not show an inter-farm variation and some farms may 276 

actually exhibit a productivity growth.  277 

 278 

On the other hand, Table 3 shows the generally declining trend of the three environmental impact 279 

indicators at the aggregate level. However, there is a divergent path of the environmental impact 280 
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indicators among swine farm categories which makes it difficult to establish an expected relationship 281 

between conventional and environmentally sensitive Malmquist productivity indexes. 282 

 283 

Table 3. Environmental indicators, 2002 and 2015, by category of swine farms 284 

INDICATOR

Small 

Independent 

(n=19) 

Small 

Contract 

(n=2)

Commercial 

Independent 

(n= 13)

Commercial 

Contract 

(n=6)

Grand 

Average 

(n=40)

ANOVA 

F-Value

BOD (kg) 2002 2,662          557         7,652          4,150           4,402      1.17

BOD (kg) 2015 696             9,018      5,636          3,632           3,158      6.64
**

Nitrogen Loading (kg ) 2002 861             605         2,210          1,329           1,357      1.85

Nitrogen Loading (kg) 2015 356             501         2,158          1,293           1,089      5.27
**

Phosphorus Loading (kg) 2002 383             287         1,110          430              622         1.42

Phosphorus Loading (kg) 2015 95               276         1,017          1,212           571         4.08
**

Note: ** means  significant at 1% probability level.  285 

Sources:  2002 data from [21]; 2015 data from 2015 field survey by the author. 286 

 287 

3.2 Results of the Conventional Malmquist Productivity Index (CMPI) and 288 

Environmentally Sensitive Malmquist Productivity Index (ESMPI) Estimations 289 

 290 

To reiterate from the Introduction section of this paper, the motivation to move along the green growth 291 

path particularly in the livestock sector of developing countries is a cross-cutting priority. But livestock 292 

production causes environmental impacts and conventional measures of productivity growth do not 293 

include these. Thus, this paper estimates an environmentally sensitive Malmquist productivity index 294 

(ESMPI) for swine production and then compares it with an estimated conventional Malmquist productivity 295 

index (CMPI) so that the influence of incorporating environmental impacts on measured productivity 296 

growth in swine production can be determined. The nature and extent of productivity growth and 297 

efficiency in swine production can also be determined from the comparison of the results of the ESMPI 298 

and CMPI estimations. In general, if the CMPI is greater than ESMPI, then the conventionally measured 299 

productivity growth is said to be overstated because the environmental impacts such as increases in the 300 

BOD level in the wastewater of swine farms as well as increases in the nitrogen (N) and phosphorous (P) 301 

loadings from swine manure have not been included. In the same manner, if the CMPI is less than the 302 
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ESMPI, then this means that productivity growth is understated by a conventional MPI since the 303 

reductions in the Biological oxygen demand (BOD) level in the wastewater from swine farms and the 304 

reductions in the N and P loadings arising from the use of waste treatment facilities by swine farms have 305 

not been accounted for. 306 

 307 

Table 4 presents the aggregate results of estimating productivity growth based on a panel data of the 40 308 

swine farms for the periods 2002 and 2015 using the CMPI and the ESMPI. The results are arranged in 309 

ascending order of the CMPI. 310 

 311 

The over-all geometric mean of CMPIs for the entire sample is only 0.88 which is less than 1.0. This 312 

implies that, on the average, the conventional productivity growth of swine farms, as a group, has 313 

decreased between the periods 2002 and 2015. Table 5 presents the average values of the CMPIs by 314 

category of swine farms. The CMPIs are also decomposed into the conventional efficiency change (CEC) 315 

and the conventional technical change (CTC). Although there are absolute differences in the average 316 

levels of the CMPIs and their components, these differences are not statistically significant across 317 

categories of swine farms. 318 

 319 

At the individual swine farm level, however, the conventional productivity growth rates vary from a range 320 

of 0.1% to 52.3% but only 12 of the 40 swine farms (30%) had the increase in productivity between the 321 

periods 2002 and 2015. These are Farm Nos. 29 to 40 in Table 4. A comparison of the average (or mean) 322 

levels of CMPI, CEC, and CTC of these top 12 swine farms with those of the rest of the 40 swine farms 323 

would show significantly higher levels for the 12 swine farms (Table 6).   324 

 325 

Table 4. Conventional and Environmentally Sensitive Malmquist productivity indexes, 40 swine 326 

farms, 2002 and 2015 327 
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Farm 

No. Category of Swine Farm

Conventional 

MPI (CMPI)

Conventional 

Efficiency 

Change (CEC)

Conventional 

Technical 

Change 

(CTC)

Environmentally 

Sensitive MPI 

(ESMPI)

Environment 

Efficiency 

Change (EEC)

Environment 

Technical 

Change 

(ETC)

Remarks on 

CMPI 

1 Small Independent 0.517 1.000 0.517 0.704 1.111 0.633 understated

2 Small Independent 0.520 1.000 0.520 0.520 1.000 0.520

3 Small Independent 0.552 0.900 0.613 0.552 0.900 0.613

4 Commercial Independent 0.564 0.980 0.575 0.564 0.980 0.575

5 Commercial Independent 0.589 0.942 0.626 0.607 1.000 0.607 understated

6 Small Independent 0.640 1.000 0.640 0.691 1.000 0.691 understated

7 Commercial Contract 0.671 0.900 0.746 0.671 0.900 0.746

8 Small Independent 0.686 1.000 0.686 0.686 1.000 0.686

9 Small Independent 0.740 1.000 0.740 0.710 0.919 0.772 overstated

10 Commercial Independent 0.746 1.000 0.746 0.785 1.000 0.785 understated

11 Small Independent 0.769 0.954 0.806 0.774 0.968 0.800 understated

12 Commercial Contract 0.814 1.000 0.814 0.814 1.000 0.814

13 Commercial Independent 0.814 1.000 0.814 0.819 1.012 0.809 understated

14 Commercial Independent 0.831 1.000 0.831 0.831 1.000 0.831 understated

15 Commercial Contract 0.837 1.000 0.837 0.837 1.000 0.837

16 Commercial Independent 0.849 1.000 0.849 0.849 1.000 0.849

17 Commercial Independent 0.860 0.945 0.910 0.779 0.920 0.846 overstated

18 Commercial Independent 0.875 1.000 0.875 0.875 1.000 0.875

19 Small Independent 0.890 1.000 0.890 0.844 0.900 0.938 overstated

20 Small Independent 0.891 1.000 0.891 0.938 1.106 0.847 understated

21 Small Independent 0.895 0.999 0.896 0.895 0.999 0.896

22 Commercial Independent 0.921 1.000 0.921 0.937 1.034 0.906 understated

23 Small Independent 0.934 1.000 0.934 0.892 1.000 0.892 overstated

24 Commercial Contract 0.940 1.000 0.940 0.940 1.000 0.940

25 Small Independent 0.970 1.000 0.970 1.022 1.111 0.920 understated

26 Small Independent 0.977 1.000 0.977 0.666 0.900 0.740 overstated

27 Commercial Independent 0.982 1.000 0.982 0.982 1.000 0.982

28 Small Independent 0.999 1.000 0.999 0.999 1.000 0.999

29 Small Independent 1.001 1.000 1.001 1.001 1.000 1.001

30 Commercial Independent 1.055 1.000 1.055 1.077 1.044 1.032 understated

31 Small Independent 1.061 1.000 1.061 1.118 1.111 1.007 understated

32 Small Contract 1.064 1.000 1.064 1.064 1.000 1.064

33 Commercial Contract 1.111 1.058 1.051 1.110 1.052 1.054 overstated

34 Small Independent 1.155 1.000 1.155 0.813 0.900 0.903 overstated

35 Commercial Independent 1.160 1.111 1.044 1.160 1.111 1.044

36 Small Independent 1.200 1.000 1.200 1.200 1.000 1.200

37 Commercial Independent 1.245 1.000 1.245 1.245 1.000 1.245

38 Small Independent 1.283 1.111 1.154 1.157 1.111 1.041 overstated

39 Small Contract 1.309 1.000 1.309 1.221 0.900 1.357 overstated

40 Commercial Contract 1.523 1.000 1.523 1.642 1.111 1.478 understated

Overall Geometric Mean 0.88 1.00 0.88 0.87 1.00 0.87

Productivity Growth

Zero (=1.000) 0 31 1 0 18 0

Increasing (>1.000) 12 3 12 12 11 11

Decreasing (<1.000) 28 6 27 28 11 29

Total 40 40 40 40 40 40

No. of Farms

 328 

 Sources:  2002 data  [21]; 2015 data from 2015 field survey by the author. 329 

 330 

 331 

 332 

 333 
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Table 5. Estimates of Conventional MPI by category of swine farms 334 

Category of Farms CMPI CEC CTC

Small Independent (n=19) 0.878 0.998 0.876

Small Contract (n=2) 1.187 1.000 1.187

Commercial Independent (n=13) 0.884 0.998 0.883

Commercial Contract (n=6) 0.983 0.993 0.985

ANOVA F-value 1.369 0.032 1.628

P-value 0.268 0.991 0.200  335 

Sources:  2002 data from [21]; 2015 data from 2015 field survey by the author. 336 

 337 

Table 6. Difference in CMPI, CEC, and CTC between swine farms that achieved increases in 338 

productivity and those that did not 339 

Category

Conventional MPI 

(CMPI)

Conventional 

Efficiency Change 

(CEC)

Conventional 

Technical Change 

(CTC)

12 Farms

    Min 1.001 1.058 1.001

    Max 1.523 1.111 1.523

    Mean 1.181 1.093 1.155

Other Farms (Mean) 0.796 0.986 0.805

Difference (Mean)            0.385**              0.107*             0.350**

Ttest P-value 0.000 0.018 0.000

Note: *, ** mean significant at 5% and 1% probability levels, respectively  340 

Sources:  2002 data from [21]; 2015 data from 2015 field survey by the author. 341 

 342 

A further look into the salient output and input characteristics of these top 12 swine farms that achieved 343 

the increase in conventional productivity growth is given by Table 7. Of these top 12 swine farms, five (5) 344 

or 42% are small independent farms, three (3) or 25% are commercial independent farms, two (2) are 345 

small farms under contracts and another two (2) are commercial farms under contracts.  346 

 347 

Furthermore, Table 7 shows that the two (2) commercial contract farms achieved the highest average of 348 

CMPI at 32%. Going back to Table 4, it can be seen that the highest CMPI of 1.523 (or 52.3% increase) 349 

was achieved by a commercial farm that is operated under contract. In terms of output, these top 12 350 

farms, as a group, had only an 11% average decrease in output between the periods 2002 and 2015 as 351 
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compared to the rest of the 40 swine farms which had an average decrease in output of almost 60%. 352 

What is not shown in Table 7 is that four of the top 12 swine farms actually increased their output and the 353 

contract farm with the highest CMPI of 1.523 (Farm No. farms 40 in Table 4) increased its output by five 354 

times (5x) between the periods 2002 and 2015. In terms of the important inputs such as feeds, Farm No. 355 

40 increased its use of feed by three times (3x) between the periods 2002 and 2015. On the other hand, 356 

the general trend for the rest of the top 12 swine farms is also a reduction in the use of feed between the 357 

periods 2002 and 2015 by an average of 53%, 27% and 42% for small independent farms, small contract 358 

farms, and commercial independent farms, respectively.   For the rest of the 40 swine farms, the 359 

decrease in the use of feed input went down by as much as 66% on the average. The use of the labor 360 

input also decreased for the top 12 swine farms with small independent farms and small contract farms 361 

having the largest decrease of about 77% on the average. The rest of the 40 swine farms had the least 362 

reduction in labor input use of only 18% on the average.  As for the land input, the general trend for the 363 

top 12 swine farms is in the upward direction with commercial contract farms having the largest increase 364 

at 92% on the average. 365 

 366 

Table 7. Output and input characteristics of swine farms that achieved increases in conventional 367 

productivity 368 

Category CEC CTC

OUTPUT 

2002

OUTPUT 

2015

FEED 

2002

FEED 

2015

LAND 

2002

LAND 

2015

LABOR 

2002

LABOR 

2015

Small Independent (n=5) 1.022 1.114 1,302     885       4,893   2,271   0.48 0.74 5 1

Small Contract (n=2) 1.000 1.187 4,528     2,462    9,855   7,198   0.88 1.25 5 1

Commercial Independent (n=3) 1.037 1.115 13,765   11,174  30,580 17,699 0.85 1.83 10 7

Commercial Contract (n=2) 1.029 1.287 13,661   16,051  28,875 55,036 0.08 1.10 7 4

Average of 12 Farms 1.023 1.155 7,015     6,248    16,139 15,743 0.57 1.16 7 3

Average of Other Farms 0.986   0.805   11,457   4,677    25,495 8,784   0.50 1.12 5 4  369 

Sources:  2002 data from [21]; 2015 data from 2015 field survey by the author. 370 

 371 

Since the change in the CMPI is a multiplicative composite of conventional efficiency change (CEC) and 372 

conventional technical change (CTC), the next discussion is on the CEC. Referring back to Table 4, the 373 

increase in conventional CEC ranged from 1.058 to 1.111 or an increase of 5.8%-11.1%.  But only three 374 
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(3) of the 40 swine farms achieved this growth - Farm Nos. 33, 35 and 38 in Table 4- which are 375 

categorized as commercial contract, commercial independent and small independent farms, respectively. 376 

The rest of the 40 swine farms did not achieve increases in technical efficiency but they were not very 377 

inefficient either because they are not too far from the frontier. Only six swine farms had CEC values that 378 

were less than 1.0 which ranged from 0.900 to 0.999. The remaining 31 swine farms had CEC values that 379 

were equal to 1.0.  This implies that in general, the 40 swine farms are able to catch up with each other in 380 

terms of conventional efficiency change. 381 

 382 

The other component of CMPI is the conventional technical change (CTC). Going back to Tables 4 to 383 

Table 7, the same top 12 swine farms that achieved the increase in conventional productivity also 384 

achieved the increase in the CTC which ranged from 1.001 to 1.523 or an increase of 0.1% to 52.3%. In 385 

the previous discussion, it was seen that the variation in the CEC of the 40 swine farms was not very 386 

large, ranging from 0.900 to a high of 1.11. Thus, while the CEC is an important component in increasing 387 

the conventional productivity growth of swine farms, it is CTC that causes more variation in the increase 388 

in productivity of these swine farms. For the top 12 swine farms, or the so-called ’leaders of the pack’, 389 

what differentiates them from the rest of the 40 swine farms is their much higher levels of CTC. The 390 

remaining 28 swine farms have CTCs ranging from as low as 0.517 (Farm No. 1 in Table 4) to 0.999 391 

(Farm No. 28 in Table 4). Table 6 shows that the average CTC of 1.155 of the top 12 swine farms is 392 

significantly much higher than the 0.805 average CTC achieved by the rest of the 40 swine farms. This 393 

implies then the majority of the swine farms are not able to take advantage of or are constrained to have 394 

access to the technological innovations that can increase the technical change component of their 395 

conventional productivity growth. It can imply also that there may not be any technology available to 396 

them, especially to the small independent farms and the commercial independent farms who constitute 397 

the majority of those with lower levels of CTC. 398 

 399 

The succeeding discussions now pertain to the results of estimating productivity growth using the 400 

Environmentally Sensitive Malmquist Productivity Index (ESMPI). The aggregate results of the ESMPI are 401 

also given in Table 4. The over-all geometric mean of ESMPIs for the entire sample is only 0.87 which is 402 
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also less than 1.0. This implies that, on the average, the environmentally sensitive productivity growth of 403 

swine farms, as a group, has decreased between the periods 2002 and 2015. Table 8 presents the 404 

average values of the ESMPIs by category of swine farms. The ESMPIs are also decomposed into the 405 

environment efficiency change (EEC) and environment technical change (ETC). The absolute differences 406 

in the mean levels of the ESMPIs and EEC components across categories of swine farms are  not 407 

statistically significant but the differences in the ETCs are marginally significant (p = 0.06). 408 

 409 

Table 8. Environmentally Sensitive MPI by category of swine farms 410 

Production 

Arrangement/

Scale

With Waste 

Facility

Size of Waste 

Facility (m
2
)

Mean 

Environmentally 

Sensitive MPI 

(ESMPI)

Mean 

Environment 

Efficiency 

Change (EEC)

Mean 

Environment 

Technical 

Change (ETC)

Independent 17 49.80 0.87 1.00 0.87

   Small 8 12.80 0.86 1.00 0.86

   Commercial 9 106.73 0.89 1.01 0.88

Contract 6 66.32 1.03 0.99 1.03

   Small 1 18.82 1.22 0.90 1.36

   Commercial 5 74.23 1.00 1.01 0.98

Total 23 52.69 0.90 1.00 0.89  411 

Sources:  2002 data from [21]; 2015 data from 2015 field survey by the author. 412 

 413 

As in the case of the CMPI, there are also only 12 swine farms (30%) that have achieved the increase in 414 

productivity growth using the ESMPI. Eleven (11) of these swine farms are the same farms that attained 415 

the increase in conventional productivity growth with the exception of Farm No. 34 (in Table 4), but the 416 

inclusion of Farm No. 25 (in Table 4), both of which are small independent farms. The value of Farm No. 417 

34’s ESMPI is 0.813 which is now lower than its CMPI level of 1.155. This implies that the CMPI is 418 

overstated and misleading since it does not consider the environmental effects of swine production that 419 

are now considered in estimating the ESMPI. Relative to the productivity frontier, what seemed to be an 420 

increase in conventional productivity growth of 15.5% is actually a decrease in productivity growth of 421 

about 18.7% i.e., [(1-0.813) x 100] when environmental effects are taken into consideration. On the other 422 

hand, Farm No. 25’s CMPI value of 0.970 which is interpreted as a decrease in productivity growth is now 423 
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understated because it is lower than the ESMPI estimate of 1.022 which implies a 2.2% increase in 424 

productivity growth after including the environmental effects of swine production. 425 

 426 

Table 9 presents the ESMPI, EEC, and ETC estimates of the top 12 farms. The range of the ESMPIs is 427 

from 1.001 to 1.642 with a mean of 1.151. This implies an increase in the environmentally sensitive 428 

productivity growth between 2002 and 2015 from 0.1% to 64.2% with an average of 15.1%. When 429 

compared to the ESMPIs of the rest of the 40 swine farms, the differences at the means is highly 430 

statistically significant.  431 

 432 

Table 9. Difference in ESMPI, EEC, and ETC between swine farms that achieved increases in 433 

productivity and those that did not 434 

Category

Environmentally 

Sensitive MPI 

(ESMPI)

Environment 

Efficiency Change 

(EEC)

Environment 

Technical 

Change (ETC)

12 Farms

    Min 1.001 1.012 1.001

    Max 1.642 1.111 1.478

    Mean 1.151 1.028 1.119

Other Farms (Mean) 0.792 0.991 0.798

Difference (Mean)            0.359
***

0.037          0.321
***

Ttest P-value 0.000 0.153 0.000

Note: 
** 

means significant at 1% probability level
 435 

Sources:  2002 data from [21]; 2015 data from 2015 field survey by the author. 436 

 437 

With regard to EEC of the ESMPI, Table 4 reveals that there are now 11 swine farms that achieved 438 

increases in EEC which is almost four times the number of farms that attained increases in CEC. The 439 

EEC values of these 11 swine farms ranged from 1.012 to 1.111 with a mean of 1.028 (Table 9). The 440 

additional swine farms with increases in EEC are mostly commercial in scale. When compared to the 441 

average or mean of the EECs of the rest of the 40 farms (i.e., 0.991), there are no significant differences 442 

between them. Similar to the case of the CEC, this implies that there is not much variation in the 443 

efficiency change of swine farms when environmental effects are considered  444 
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While the efficiency change component of the ESMPI certainly makes an important contribution toward 445 

increasing the productivity growth of swine farms, Table 4 and Table 9 would show that it is ETC that 446 

causes much of the variation in the ESMPI.  The ETC of the top 11 swine farms range from 1.001 to 447 

1.478 with an average of 1.119. This means that there are increases in technical change of about 0.1%-448 

47.8% at the individual farm level. Table 9 also reveals that there are highly significant differences 449 

between the mean ETCs of the 11 farms and those of the rest of the 40 swine farms whose ETCs range 450 

from a low of 0.520 to 0.999. The majority of these farms with low ETCs belong to the small independent 451 

farm category.  It can be inferred then that there are again constraints faced by this particular group of 452 

farms with respect to having access to technological innovations that can reduce the environmental 453 

effects that are by-products of swine production. It is either that small independent farms find difficulty in 454 

taking advantage of the available technology that can address the undesirable environmental impacts of 455 

swine production or these types of technologies may not be available at all to small swine farms. 456 

 457 

 Table 10 gives the environmental indicator characteristics of swine farms that achieved increases in 458 

ESMPI relative to those farms that did not. In general, there is an increase in the size of waste facilities 459 

that have been installed in the swine farms between 2002 and 2015. In particular, commercial contract 460 

farms have increased the size of their waste facilities by as much as 15 times between the periods 2002 461 

and 2015. It has to be recalled from the CMPI section that the output of these contract farms have also 462 

grown five times during this period. This tremendous growth in waste facilities suggest that commercial 463 

contract farms have relatively easier access to these technological innovations and are not constrained to 464 

use them. In terms of the environmental indicators, there is, on the average, an upward trend in the BOD 465 

and nitrogen loading levels but a marked decrease in the phosphorus loading. Thus, the question on the 466 

effectivity of the available technological innovations that can address the undesirable environmental 467 

impacts of swine production surfaces.  468 

 469 

 470 

 471 

 472 
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Table 10. Environmental indicator characteristics of swine farms that achieved increases in 473 

environmentally sensitive productivity 474 

Category EEC ETC

WASTE 

FACILITY 

2002

WASTE 

FACILITY 

2015

BOD 

2002

BOD 

2015

NITRO-

GEN 

2002

NITRO-

GEN 

2015

PHOS-

PHORUS 

2002

PHOS-

PHORUS 

2015

Small Independent (n=5) 1.024 1.030 8            14          1,156   1,382   188      400      51         157        

Small Contract (n=2) 0.950 1.210 9            9           557     9,018   605      501      287       276        

Commercial Independent (n=3) 1.052 1.107 214        233        6,542   3,231   2,092   3,628   1,915    576        

Commercial Contract (n=2) 1.081 1.266 2            35          1,954   5,536   2,355   543      597       94         

Average of 12 Farms 1.028 1.119 59          72          2,536   3,809   1,095   1,248   648       271        

Average of Other Farms 0.991 0.798 66          45          5,201   2,879   1,469   1,021   611       700         475 

Sources:  2002 data from [21]; 2015 data from 2015 field survey by the author. 476 

 477 

Furthermore, Table 11 provides more details on the apparent relationship between the 478 

installation/construction of waste facilities and the growth in the ESMPI. Of the 40 swine farms, 23 (58%) 479 

of them have installed waste facilities to assimilate environmental impacts. Across production 480 

arrangement, 6 of the 8 contract farms installed larger waste facilities than those of the independent 481 

farms.  In terms of scale, the commercial farms had expectedly larger waste facilities. Contract farms, 482 

regardless of scale, had higher environmental productivity growth that is driven by both efficiency change 483 

and much higher levels of technical change as compared to the independent farms. 484 

 485 

Table 11. Mean Environmentally Sensitive MPI of Swine Farms with Waste Facility 486 

Production 

Arrangement/

Scale

With Waste 

Facility

Size of 

Waste 

Facility 

(m
2
)

Mean 

Environmentally 

Sensitive MPI 

(ESMPI)

Mean 

Environment 

Efficiency 

Change (EEC)

Mean 

Environment 

Technical 

Change (ETC)

Independent 17 49.80 0.87 1.00 0.87

   Small 8 12.80 0.86 1.00 0.86

   Commercial 9 106.73 0.89 1.01 0.88

Contract 6 66.32 1.03 0.99 1.03

   Small 1 18.82 1.22 0.90 1.36

   Commercial 5 74.23 1.00 1.01 0.98

Total 23 52.69 0.90 1.00 0.89  487 

 488 
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4.  CONCLUSIONS AND IMPLICATIONS 489 

In the period of 2002 to 2015, only one-third of the 40 swine farms experienced productivity growth at the 490 

frontier. This was largely the result of efficiency improvements rather than technological improvements or 491 

shifts in the production frontier. Thus, productivity growth in the swine sector, inclusive of environmental 492 

impacts, has declined. As to characteristics of productivity growth in swine production, the CMPI actually 493 

tends to overstate the productivity growth of swine farms. However, incorporating three environmental 494 

impacts such as N and P loadings and the BOD reduces the level of productivity growth.  495 

It was found that the efficiency change (both CEC and EEC) of swine farms across categories did not 496 

significantly differ. The range of CEC and EEC is about 0.900 to 1.111 which implies that swine farms are 497 

able to catch up with the best practice and their technical efficiency levels are not too far from the frontier. 498 

On the other hand, the technical change (both CTC and ETC) is the main driver causing much variation in 499 

productivity growth. The range of CTC and ETC is wide, from a low of 0.512 to 1.64. Moreover, while 500 

there are 11 or 12 out of the 40 swine farms that achieved increases in productivity growth (both for CMPI 501 

and ESMPI), particularly the contract farms, the majority (70%) of the 40 swine farms, especially the small 502 

independent farms, seem to be constrained in terms of gaining access to available technological 503 

innovations that can increase the level of their productivity growth. It is also uncertain if such 504 

technological innovations are available to them. Thus, an interesting insight from this finding is that the 505 

underlying policy environment in the past decade, or in the past 13 years, could not also encourage or did 506 

not provide swine farms with sufficient incentives to adopt game-changing technology. Particularly for 507 

small independent farms who constitute the majority of the 40 swine farms in the sample, the past 13 508 

years have not seen them investing in green technology as reflected by the relatively smaller size of their 509 

waste facilities and increased levels of environmental indicators such as the BOD and nitrogen and 510 

phosphorus loadings between the periods 2002 and 2015. 511 

An important implication based on the empirical findings of this study is that technical change is crucial to 512 

the movement toward green growth and sustainable development. It cannot be ‘business as usual’ 513 

especially for the small-scale swine farms who produce 64% of the animal inventories at the national 514 

scale. While the commercial and contract swine farms apparently have access to technologies that can 515 
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improve their productivity growth and reduce environmental impacts of swine production, small-scale 516 

swine farms have to be supported to enable them to become agents or developers of green growth. 517 

Another crucial implication arising from the findings of this study is that the concept of promoting contract 518 

farms as a production arrangement that can increase the productivity growth of swine farms, especially 519 

small farms in the Philippine swine sector is worth revisiting. This is similar to the findings of [12], [13] and 520 

[25] that documented the case of contract farming as an institutional arrangement that can reduce 521 

constraints such as transaction costs in many aspects of swine production and environmental impact 522 

mitigation which can also be a source of productivity growth.  Small-scale swine farms would need a 523 

policy environment that will enable them to access and adopt “game changing” and green growth 524 

technology that can increase their productivity growth. 525 

5.  RECOMMENDATIONS 526 

It was found that technical change is the main driver causing much variation in environmental productivity 527 

growth of swine production.  Technical change that reduces environmental impacts of swine production is 528 

also crucial particularly for the small-scale swine farms that still account for about two-thirds of the swine 529 

population, in order for them to gain sustainability improvements.  However, only a few swine farmers 530 

have been progressive over time. To be able to effect such environmentally-friendly technical change to 531 

the much larger group of smallholder swine producers, this paper recommends three incentives that have 532 

to be put in place: 1) the incentive for agricultural extension programs to sustain the dissemination of 533 

information that enhances  small-scale swine farms’ awareness on,  access to, and use of available 534 

technologies that improve their human capital skills and productivity growth and also reduce 535 

environmental impacts; 2)   the incentive for small-scale swine farmers to organize themselves so as to 536 

take advantage of economies of scale in the input and output markets and improve their adoption of 537 

green technologies and practices (e.g., installing of biogas digesters)  through credit for investment in 538 

farm-level innovation; and 3) the incentive for local government environmental regulators to seriously 539 

enforce existing environmental laws. 540 
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The effects of other factors that may affect environmental productivity growth of swine farms such as 541 

structural changes, institutional arrangements, policy and investment instruments, public and private 542 

research and extension, transaction costs, and other economic incentives that may promote the access to 543 

and adoption of green technology innovation can be further investigated in future research. The impact of 544 

environmental regulations, compliance and abatement costs on the environmental performance of the 545 

swine sector may also present opportunities in the design of environmental policies toward achieving 546 

sustainable productivity and green growth. 547 

 548 
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