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Abstract 

 The agricultural sectors of the Central Highlands of Vietnam and Ratanakiri Province in 

northeast Cambodia are undergoing rapid transitions out of traditional, subsistence-oriented 

production systems and towards increased intensification and market-orientation. In addition to 

sharing a border, both regions share common biophysical characteristics including soil and agro-

climatic conditions, yet Vietnam’s agricultural sector is more intensified and benefits from 

improved infrastructure, more mature markets for cash crops, and steadily increasing demand for 

higher-value products such as meat, fish, and dairy. These regions therefore represent a gradient 

of alternative agricultural practices from low-intensity (as measured by input usage) systems 

common to Ratanakiri, to relatively intensive systems including specialty crops, e.g. pepper, 

aquaculture and animal systems in the Central Highlands. In both regions, smallholder 

agriculturists are faced with tremendous uncertainty about which alternative land use practices 

will result in favorable livelihood outcomes. In the Central Highlands, old, unproductive coffee 

trees abound, and new markets mean difficult choices about what to invest in next. In Ratanakiri, 

increased land pressure from the continued development of Economic Land Concessions and 

associated immigration has resulted in most smallholders transitioning out of swidden systems 

and into permanent systems of primarily cash crops. Here, we characterize several alternative 

crop and livestock production systems in the region in terms of their 1) economic and 2) energy 

efficiencies in the hope that more precise efficiency metrics will aid in the decision making 

process for agricultural stakeholders and policy makers in the region.  
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1. Introduction 

 The commonalities between the Central Highlands region of Vietnam and the 

northeastern Cambodian province of Ratanakiri extend far beyond their shared border. 

Biophysically, both regions are comprised of undulating plateaus of basaltic soils bordered by 

the Annamite range in the north, and are characterized by a monsoonal climate with an extended 

dry season. Both regions were covered primarily in dense tropical forest prior to the expansion of 

smallholder agricultural production in the Central Highlands, and the introduction of large-scale 

economic land concessions in Ratanakiri (Hor et al., 2014). The ethnographic history of both 

regions has also followed a similar trajectory, characterized by a high concentration of ethnic 

minority groups for whom assimilation into the social and economic systems of their respective 

countries has been met with resistance. Today, agriculture remains the primary economic engine 

of both regions, and health and economic outcomes are generally worse relative to national 

indicators (Ridell, 2006; D’haeze, et al., 2005). Despite these similarities, policy changes and 

market reforms since the 1970s have contributed to substantial differences in the current state of 

the agricultural sectors of the Central Highlands and Ratanakiri.  

Prior to the reunification of Vietnam in 1975, agricultural production in the Central 

Highlands was dominated by subsistence-oriented, shifting cultivation (McElwee, 2001). 

Following the development of “New Economic Zones”, over a million ethnic Vietnamese (Kinh) 

were settled in the region from more densely populated regions (Dang et al., 2001), and 

eventually slash and burn (i.e. swidden) agriculture was banned outright, resulting in the rapid 

adoption of sedentary smallholder systems at the expense of a vast portion of the region’s 

forested area (Salemink, 2003). The introduction of Robusta coffee, followed by the tremendous 

growth in its production of approximately 20% annually between 1993 and 2000, contributed to 
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a further influx of migrants to the region and a near doubling of the population of the two Central 

Highlands provinces that are the subject of this study – Dak Lak and Dak Nong – between 1990 

and 2000 (D’haeze et al., 2005). Vietnam’s relatively sudden and dramatic entry into the Robusta 

market, coupled with global trade liberalization and regulatory reforms during the 1990’s, 

contributed to an oversupply of coffee globally and subsequent dramatic price declines (D’haeze 

et al., 2005). Marginal producers in the Central Highlands, especially those producing in more 

acidic soils, subsequently adopted a more diverse set of agricultural systems, including cash 

crops such as cassava and rubber, as well as more intensive, market-oriented animal systems 

(Frison et al., 2011).  

In contrast to the Central Highlands, the transition out of swidden, substance-oriented 

cropping systems and into semi-permanent or permanent, market-oriented systems in Ratanakiri 

began only in the last 10 to 20 years (Fox et al., 2009). Today, many smallholder farmers in the 

region are producing cash crops such as cashew, cassava, and soybeans in permanent systems, 

while others are still producing rice and other crops for household consumption in swidden 

systems (Cambodia Census of Agriculture, 2015). Land use pressure on smallholder farmers in 

Ratanakiri has intensified in recent years following the introduction of the Economic Land 

Concession (ELC) program by the Cambodian government, in which corporations, usually 

foreign-owned, are awarded low-lost, long-term leases on large tracts of land in an attempt to 

boost economic output from natural resource extraction and agricultural production (Davis, et al., 

2015). Employment opportunities associated with ELCs in the region have also contributed to 

increased immigration into Ratanakiri from other provinces, further constraining traditional land-

use practices of ethnic minority agriculturalists in the region (Baird and Fox, 2015).  
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 In both the Central Highlands and Ratanakiri, therefore, a combination of biophysical, 

political, and socio-economic variables have contributed to what is now a diverse agricultural 

region still largely dominated by increasingly market-oriented and intensive smallholder 

productions systems (Blrnholz et al. 2017). Despite the growth of more market-oriented 

agricultural sectors in both regions, poverty rates remain high and the collapse of coffee prices in 

the 1990s serves as a stark reminder of the risks associated with a homogenous agricultural 

sector, driving the push for more intensive agricultural systems to boost output, raise incomes, 

and increase food security (Blrnholz et al. 2017). At the same time, there is a concern that 

continued intensification, as measured by the increased use of agrochemical inputs and water, 

will result in negative ecological externalities such as those attributed to the intensification of 

coffee production in Vietnam, e.g. diminished soil fertility and loss of organic matter (Tran and 

Kajisa, 2006), water table depletion (Technoserve, 2013), and water body pollution attributed to 

agricultural runoff (Rahman and Thapa, 1999).  

 As is now commonplace in the agricultural policy and research domains, the tradeoffs 

inherent in the desire to intensify production while limiting negative ecological externalities has 

led to an ever increasing focus on “sustainable intensification” (SI), i.e. increasing agricultural 

output while minimizing the associated ecological footprint (Struik et al., 2014). While the 

motivations behind sustainable intensification of agriculture are rather obvious, definitions of 

both “sustainable” and “intensification” insofar as they relate to agriculture can vary 

considerably (Struik et al., 2014). Although not explicitly attempting to define SI, Keating et al. 

(2010) proposed the concept of “eco-efficient” agriculture, that is, increasing the quantity and 

quality of agricultural output while using less “land, water, nutrients, energy, labor, or capital.” 

Similarly, Tittonel and Giller (2013) defined “ecological intensification” as increasing 
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agricultural output while “reducing the use and need for external inputs, and capitalizing on 

ecological processes that support and regulate primary productivity in agro-ecosystems.” 

Compounding the problem of lack of consistency across SI definitions is the fact that SI 

conceptual frameworks generally do not include specific indicators or metrics for the objective 

comparison of alterative agricultural systems, or guidance on, e.g., the relative weighting of 

different components of sustainability (ecological, economic, cultural, etc.). Further, there can 

exist an implicit suggestion in SI definitions that short-term goals of agriculturalists, such as 

income generation, should be balanced against long-term measures of ecological health (Spiertz, 

2010). Such recommendations can be unrealistic in systems managed by agriculturalists with 

very high discount rates, reflecting an unwillingness to forego near-term consumption in 

exchange for future benefits.  

 Common to all SI definitions is some concept, either implicit or explicit, of efficiency. 

Indeed, efficiency is the very core of any definition of SI, as any production system that produces 

more with less, however the “inputs” to the system are defined, is more efficient than the 

equivalent system generating the same output with greater quantities of inputs. Unfortunately, 

while the concept of efficiency is easily stated, there is no single efficiency metric capable of 

objectively signaling which production systems represent a more “sustainable” alternative. In 

order to guide more meaningful, directed, stakeholder and policy discussions around the 

advancement of sustainable agriculture, it is necessary to characterize various agricultural 

production systems using objective efficiency metrics. While objective efficiency metrics are not 

in and of themselves answers to questions such as, “which systems and / or practices should we 

promote or avoid?,” they can serve as concrete, measurable indicators of various aspirational 
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notions of “sustainability”, and should therefore be front and center in policy discussions around 

agricultural development.     

In view of the difficulties inherent in developing prescriptive agronomic practices around 

SI, we examined multiple smallholder agriculture systems in two neighboring, biophysically 

similar regions – Dak Lak and Dak Nong Provinces in the Central Highlands of Vietnam and 

Ratanakiri province, Cambodia – in which 1) there is a general desire on the part of agricultural 

research institutions and policy makers to increase the productivity and sustainability of local 

agricultural systems and 2) a range of crop and livestock systems are currently in place that 

reflect a gradient from more-to-less intensive in terms of labor, capital expenditures, and input 

usage. We conducted detailed interviews with agriculturalists in the region to gather data on all 

crop and livestock system inputs, outputs, and flows among crop and livestock systems managed 

by a given household, for the full life of the system, i.e. from initial planting to conversion to 

another system, or reversion to fallow or forested area. Using these data, we applied 1) price and 

2) energy value-weights to the inputs and outputs to derive various measures of economic and 

energy efficiency.  

Specifically, we examined the following research questions: 

1) How do alternative crop and animal production systems in the Central Highlands of Vietnam 

and Ratanakiri province, Cambodia, compare in terms of their economic and energy 

efficiency? 

2) In view of the goal inherent to SI of promoting systems that are more efficient, how do more 

and less intensive systems, as measured by total inputs including labor, capital expenditures 

and agrochemicals, compare in terms of their economic and energy efficiency? Similarly, are 

systems that are more integrated, as indicated by the recycling of inputs from one system 
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component to another (e.g. residual crop biomass or animal manure), more economically or 

energy efficient than others?   

3) Are the energy and economic efficiency of a given system correlated? If so, is the correlation 

positive or negative? In general, does economic efficiency come at the expense of energy 

efficiency or vice versa?  

4) What are the policy implications of examining agricultural systems in the region though an 

energy rather than an economic efficiency lens? If integrated systems are, in fact more 

efficient, should they be promoted? If so, what are the tradeoffs associated with their 

promotion? 

 

2. Study Region and Methodology 

2.1 Study Region 

The study region was comprised of three provinces: 1) Dak Lak and 2) Dak Nong 

Provinces in the Central Highlands region of Vietnam, and 3) Ratanakiri Province in northeast 

Cambodia (Figure 1). The study region was selected due to the relative similarity of biophysical 

variables, e.g. soils, elevation, and rainfall patterns, and distinct differences in specific 

socioeconomic and policy variables. Both the Central Highlands of Vietnam and Ratanakiri 

Province, Cambodia, have tropical monsoonal climates characterized by a rainy season from 

approximately May to November, and a dry season from approximately December to April. Soils 

across the study region are also fairly similar, comprised primarily basaltic soils, as well as 

Ferralsols (red soils) and others, across a series of undulating plateaus between approximately 

300 to 900 m altitude. Rainfall across the study region ranges from approximately 1,900 to 2,200 

mm yr-1 with average daily temperatures of approximately 23 to 25°C. The topography of 
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Vietnam’s central highlands and northeast Cambodia is fairly flat, with occasional rolling hills of 

moderate slope.  

 

  

Figure 1. Study region locations for household surveys conducted from August to December, 
2016. Household surveys were conducted in 3 provinces (A): Ratanakiri, Cambodia (RN), Dak 
Lak, Vietnam (DL), and Dak Nong, Vietnam (DN), and 5 districts (B): Kuon Mon, Ban Lung, 
and Lumphat, Ratanakiri, Cambodia, Ea Kar, Dak Lak Vietnam, and Krong No, Dak Nong, 
Vietnam.   

 

Agricultural area makes up a sizable portion of overall land cover in the three provinces; 

as of 2015, Dak Lak and Dak Nong provinces were comprised of 48% agricultural and 40% 

forested, and 55% agricultural and 36% forested land, respectively (General Statistics Office of 

Vietnam, 2017). Forest remains a greater proportion of land cover in Ratanakiri, Cambodia 

relative to the Central Highlands provinces; agricultural land accounted for approximately 26% 

of total land area in Ratanakiri in 2011, while forest accounted for approximately 71% of total 
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land area (Hor et al., 2014). Agricultural production is more diverse and more intensive in the 

Central Highlands of Vietnam than in Ratanakiri. While in Ratanakiri, smallholder famers have 

only recently transitioned out of subsistence-oriented, swidden systems into commercially-

oriented, permanent production systems (Hor et al., 2014), farming systems in the Central 

Highlands have a history of permanent, commercially-oriented coffee production dating back 

several decades. In addition to coffee, relatively mature markets exist for livestock, including 

pigs and cows, broiler and laying hens, and aquaculture products, as well as other industrial 

crops such as cassava. Other crops produced in the region include rice, maize, soybean, 

sugarcane, cashew cacao, and, more recently, pepper. Animal ownership is less common in 

Ratanakiri and is generally limited to household consumption. The somewhat low-diversity crop 

mix is comprised primarily comprised of commercial crops such as cassava, cashew, and 

soybeans, and rice for household consumption.  

 

2.2 Household Surveys 

 We conducted a total of 32 household surveys across the three provinces in the study 

region between August and December 2016 (Table 1). We conducted the Vietnam surveys in 2 

districts and 2 communes, and the Cambodia surveys in 4 districts (Table 1).  In all survey 

locations, we coordinated with local government and agricultural extension agents in order to 

ensure that the households surveyed represented a reasonable cross-section of the agricultural 

practices of the region, such as a gradient of cropping and / or livestock systems, field sizes, and 

input use, as well as a gradient of more to less wealthy households. Specifically, we conducted 

interviews in 4 villages (from 4 districts) in Ratanakiri selected for their relative levels of 

commercialization and market orientation. Survey questions included general demographic, 
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ethnographic and socioeconomic variables, and focused on crop or livestock system input and 

output flows and activities at the plot level, including chemical and organic inputs, yields, and 

any integration or recycling of outputs from one system component (e.g. a plot or livestock herd) 

as inputs to another. The complete survey is included in Appendix 1. 

 

Table 1. Number of households surveyed in each of the study locations in Cambodia and 
Vietnam 

Country Province District Households Total 

Vietnam 
Dak Lak Ea Tih 9 

19 
Dak Nong Krong No 10 

Cambodia Ratanakiri 

Lumphat 4 

13 
Ban Lung 4 
Kuon 
Mom 1 

O Yadav 4 
 

For all activities, we asked respondents to recall the amounts of labor and labor types 

(family or hired) required to complete each task. Further, we asked respondents to recall all 

activities and input/output flows associated with each plot for the full history of the plot, from 

the establishment or purchase of the plot to present day. For all system inputs and outputs, we 

asked respondents to recall prices for each product for the current year and for as many seasons 

as they could recall. In addition to agronomic and animal husbandry activities and associated 

costs, we asked respondents to provide information on all capital costs associated with the 

establishment of each cropping system or livestock herd. All surveys were conducted in an 

interview format in the local language, i.e. Vietnamese or Khmer, and translated into English via 

an interpreter.  
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2.3 Systems modeled  

We modelled a selection of commercially-oriented systems representing a gradient from 

low-to-high intensity in terms of input use and capital and operating costs, in order to compare 

the efficiency of agricultural practices representative of typical production systems in the region. 

In total, we modeled 7 distinct production systems: 5 “individual” or discreet systems in which 

only a single product is generated, and 2 “household-level” models in which a household 

managing multiple cropping and animal/aquaculture systems was characterized. Household-level 

models were generated by aggregating the individual production systems models. For 

consistency, all production systems modelled were assigned a 20-year system lifecycle. The 

choice of system lifecycle was based on survey respondents’ characterization of the typical 

production lifecycle of perennial tree crops in the region, especially coffee. While in practice 

certain systems may ultimately have longer or shorter lifecycles, the majority of non-coffee (and 

to a lesser extent, cashew) cash crop and livestock systems in the region, e.g. cassava, pepper, 

and intensive pig systems, data was generally not available to allow for the assignment of unique 

lifecycle values on a per-system basis. 

Wherever possible, labor type (household or hired labor) inputs were assumed to be the 

average reported labor, in person-days per year (PD yr-1), required to complete the specific task. 

In a few instances, labor data were insufficient or unavailable. In such cases, specific 

assumptions about the required labor were made, generally based on reported labor for similar 

tasks, expert knowledge of the specific production system and practices, or a combination 

thereof. We detail specific assumptions about labor inputs which deviate from assuming average 

reported PD yr-1 required in the individual model descriptions that follow. We also assumed 

commercialization activities, including marketing and farm management, totaled 30 PD yr-1 in all 
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models, as data for these activities was generally unavailable. For all models, we included all 

system outputs including marketed products and those consumed by the household, as well as 

residual biomass products such as animal waste that may be recycled as an input in the same or a 

separate system. 

 

2.3.1 Individual systems 

The lowest intensity system modeled was a 1 ha cassava system typical of the agronomic 

practices in Ratanakiri, Cambodia. Cassava production in Ratanakiri is characterized by very low 

or no agrochemical input use, no irrigation, and low economic value. On the high end of the 

intensity spectrum were two animal production systems in Vietnam: pond aquaculture and meat 

pigs, as well as a small (0.27 ha) pepper plot. A coffee system typical of those that dominate the 

Central Highlands was modelled to represent a middle-intensity, “status quo” system. In all 

Vietnamese systems modeled, certain capital costs were consistent across models, including a 

well and water pump, electrical hookup, irrigation equipment including pipes and hoses, a 

backpack sprayer, motorbike, tarps, shovels, and gunny sacks. Additional detail on system 

dynamics, including inputs and outputs through time, and capital unique to that system is 

provided below. See Appendix 2 for the complete model for every system included in the study.  

 

Cassava 

 We assumed land used for the cassava plot had previously been in forest, as was typical 

for many of the households surveyed. None of the households surveyed reported any fertilizer 

usage or irrigation in their cassava systems. We therefore assumed that the only chemical inputs 

into the system were a combination herbicide and hormone treatment which the majority of 
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cassava growing households reported using. We assumed the plot used the Green Malaya 

variety, having average yields of 8,500 kg ha-1 yr-1 of dried, chopped cassava in the first year. 

This was higher than the average reported yield (6,383 ± 3,644 kg ha-1 yr-1, n = 20) across all 

surveys for all years of the system, but represents a conservative estimate of yields in year 1 after 

opening new land from forest. We assumed a yield decline of 133.45 kg ha-1 yr-1, based on 

studies conducted on typical cassava yield declines in the region (Howler and Aye, 2014). We 

assumed a planting density of 10,000 stems ha-1 using stems saved from the previous year’s 

harvest, as was consistently reported in all surveys. Unique capital costs for the cassava system 

included knives used for harvesting. 

 

Coffee 

 Average reported coffee yields varied considerably (3,030 ± 788 kg ha-1 yr-1, n = 10), 

reflecting the variation in tree age, soil types, agronomic practices, and varieties used by those 

coffee-producing households surveyed. We assumed the coffee plot was previously in coffee 

production but with older, less productive trees. We assumed the plot was planted with the TR4 

variety of Robusta coffee; a relatively modern and higher-yielding variety released by the 

Western Highlands Agriculture and Forestry Science Institute (WASI) that several interviewees 

reported recently as a replacement for aging trees. Based on yield values reported by survey 

participants currently growing the TR4 variety, as well as discussions with local extension 

professionals and WASI staff, we assumed coffee bean yields of 500 kg ha-1 in year 2, 1,500 kg 

ha-1 in year 3, 2,500 kg ha-1 in year 4, a mature yield of 3,500 kg ha-1 in years 5 to 15, and a 10% 

yearly yield decline in years 16 to 20. We assumed the coffee system used only 15-15-15 NPK 

chemical fertilizer applied at a rate of 2,500 kg ha-1 yr-1, based on the average reported chemical 
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fertilizer usage from the surveys (2,492 ha-1 yr-1 kg ± 1,829 kg ha-1 yr-1, n = 10). We also assumed 

the use of additional chemical inputs in quantities typical of those households surveyed, 

including a pesticide, and an herbicide. Unique capital costs included a coffee mill and dryer, and 

a weed trimmer. 

 

Pepper 

 We modelled a pepper plot of the average size reported from all pepper growing survey 

respondents: 0.27 ha ± 0.11 ha. Respondents producing pepper reported a more complex and 

labor and capital intensive system establishment process than the other cropping systems 

modeled, including the planting of “pole” trees that provide shade to growing pepper vines and 

allow them to climb, and vine training to allow the pepper plants to climb the pole trees in a way 

that allows for easier harvesting and a more manageable crop. In general, crop management 

practices were more varied in pepper relative to coffee and cassava and included a broader range 

of input combination, e.g. chemical fertilizers, compost, and animal manure. We were therefore 

unable to rely on average reported inputs for several key variables including fertilizer, and 

therefore assumed a production system that was representative of several pepper producing 

households surveyed. The plot as modeled included an initial application 4500 kg-1 ha-1 of animal 

manure and 80 kg-1 ha-1 of 15-15-15 NPK during planting, as well as an application of 2000 kg-1 

ha-1 yr-1 of 15-15-15 NPK fertilizer and 4000 kg-1 ha-1 yr-1 of animal manure. We assumed a 

planting density of 1,111 pole trees ha-1, or 300 pole trees for the 0.27 ha plot, onto which a total 

of 4 vines were planted and trained. We assumed a peak pepper yield of 5000 kg ha-1 for years 7 

to 15 based on typical reported yields of several systems that had been in production for 3 or 

more years. We assumed a 10% yr-1 yield decline in years 15-20.  
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Aquaculture  

 All aquaculture systems surveyed, including those that were exclusively used for 

household consumption, and those primarily purposed for commercial production included a 

grass plot from which all or a portion of the fish feed was generated. In general, those 

households with commercially-oriented aquaculture systems fed their fish using a combination 

of grass, industrial feed, and occasionally household food scraps or other organic matter e.g. 

animal manure, or crop by-products such as rice husks. Commercial aquaculture systems were 

generally multi-trophic comprising between 4 and 6 fish species, one or more of which fed 

primarily on fish waste and algae, e.g. catfish, and some which fed directly on feed inputs, e.g. 

grass carp, common carp, and / or tilapia. Species-specific price and yield data was not available 

as all survey respondents reported purchasing pre-mixed quantities of fish fry comprising 

multiple species, and receiving payment on a per- kilogram basis for all species harvested. Our 

aquaculture model therefore assumes a mixed-trophic system with a pond size of 0.5 ha with a 

depth of 2 m (typical of those commercially-oriented aquaculture systems surveyed), and an 

accompanying grass plot of 0.1 ha. In general, much less data was available on commercially-

oriented aquaculture systems, as only 3 households surveyed managed such systems. Our 

aquaculture model is therefore based on data acquired from these three households and attempts 

to use very conservative yield estimates. We assumed a 4-month production cycle in which 250 

kg of fry are purchased and fed 100 kg day-1 of grass for the first two months and 100 kg day-1 of 

grass and 25 kg day-1 of industrial animal feed for months 3 and 4. We assumed a fish yield of 

2300 kg per production cycle, implying an average feed conversion ratio across all species of 

5.14. We assumed a very conservative VA06 hybrid grass yield of 100 kg ha-1 yr-1. Additional 



 21 

system inputs included an anti-viral medication and pond cleaning chemicals applied yearly, and 

a small amount of NPK applied to the grass plot. Unique capital costs included pond construction 

materials including a spillway.  

 

Pigs  

 Commercially-oriented pig systems in the Central Highlands of Vietnam utilize “exotic” 

species which are distinct from those commonly produced for household consumption in the 

region. They are higher yielding, and are generally sold as whole piglets at either 1 month of age, 

if sold to a fattening operation, or at 4 months of age if sold for direct consumption. Here, we 

model a pig production system comprising an initial 5 wet sows, with the heard size reaching 11 

wet sows by year 5 (the largest number of wet sows owned by any household surveyed) selling 

piglets at 4 months old. We assumed wet sows were impregnated via an insemination service. at 

an average rate of 2.5 pregnancies yr-1 with an average birthrate of 10 piglets pregnancy-1 sow-1 

based on survey data and expert interviews. We also assumed a 10% mortality rate of piglets. 

Based on survey data and expert interviews, we assumed an average sale weight of 50 kg piglet-1. 

We assumed a feeding rate of 0.5 kg day-1 of industrial feed concentrate for < 1 month old 

piglets, 1 kg day-1 for piglets between 1 and 2 months old, 3 kg day-1 for piglets between 2 and 4 

months old, and the survey average of 3.75 kg day-1 for wet sows. Additional inputs included 

multiple vaccinations for piglets and wet sows, deworming medication, and antiviral medication. 

Unique capital costs included the materials for the construction of the pig sty.  
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2.3.2 Household-level systems 

In order to characterize the impacts to economic and energy efficiency of integrated 

agricultural practices, i.e. the use of outputs of one or more of the foregoing individual systems 

as an input for another, we modeled two multi-component households: 1) an integrated 

household in which pig dung and coffee pulp are used as the primary ingredients for compost, 

and 2) a non-integrated household in which no outputs are recycled. Both household-level 

systems included a 1.0 ha coffee plot, 0.27 ha pepper plot, an intensive meat pig operation, and 

an intensive pond aquaculture system, as detailed above. Such multi-component, high-intensity 

systems are fairly typical for higher income households in Dak Lak. In the “non-integrated” 

system, the individual system components were combined and redundant capital costs were 

removed. In the “integrated” system, 3000 kg ha-1 yr-1 of compost was applied to the coffee plot, 

displacing 1500 kg ha-1 yr-1 (60%) of the NPK fertilizer. We assumed all other inputs and outputs 

of the individual systems comprising the household models were unchanged.  

 

2.5 Modeling methodology 

We compared the performance of the systems modelled using 1) economic and 2) energy 

metrics. In both modeling frameworks, a matrix of the yearly inputs and outputs to each system 

were multiplied by a corresponding set of value-weights to derive either an economic or energy 

budget for the full lifecycle of the system. 

 

2.5.1 Economic performance 

 For all individual systems, we used the Land Use System (LUS) modeling framework to 

generate multiple economic performance metrics of the crop and livestock systems analyzed 
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(Kragten et al., 2001). For all LUS models, we multiplied the full 20-year time series of system 

inputs and outputs by a per-unit estimated price for the corresponding year to calculate annual 

revenues and costs. Using the annual revenues and costs, we calculated the net present value 

(NPV) of each individual system as follows: 

𝑁𝑁𝑁𝑁𝑁𝑁 =  �
𝐵𝐵𝑡𝑡 −  𝐶𝐶𝑡𝑡
(1 + 𝑖𝑖)𝑡𝑡

𝑛𝑛

𝑖𝑖=0

 

where n is the number of years of the system, t is the current year of the system, Bt is the 

revenues in year t, Ct is the costs in year t, and i is the discount rate. Using the NPV calculation, 

we calculated returns to land (RL) on a per-hectare basis as 

𝑅𝑅𝑅𝑅 =  
𝑁𝑁𝑁𝑁𝑁𝑁
𝑆𝑆

 

where S is the size, in ha, of the system, and returns to family labor (RFL), as 

𝑅𝑅𝑅𝑅𝑅𝑅 =  
𝑁𝑁𝑁𝑁𝑁𝑁
𝑅𝑅

 

where L is sum of all family labor, in person-days, for all years of the system.   

 

Price Scenarios  

All models assumed a retrospective price scenario using nominal prices. Therefore, the 

final year of each system (year 20) represents a price scenario for 2016, while the first year of 

each system represents a price scenario in the year 1997. The majority of input prices for 2016 

were calculated based on the relevant average values collected from the household surveys. In 

certain instances, assumptions were made where survey averages were either unavailable or 

highly variable.  
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Chemical Fertilizer: No chemical fertilizers were used in the Cambodian cassava system. 

NPK was bar far the most commonly used chemical fertilizer used by those households 

surveyed. Historical Vietnam NPK prices for the region were not directly available. In order to 

approximate a time-series of NPK fertilizer prices, a linear model was built regressing historical 

urea prices from the years 1991-2001 (FAOSTAT, 2016) onto historical Black Sea bulk urea 

prices (World Bank, 2017) for the same years. Vietnam producer prices for 2002-2016 were 

predicted using the resulting linear model. The predicted 2014 Urea price was approximately 

$0.55/kg, representing a 43% premium of the average producer prices reported in the same year 

from household survey data collected in the same region (Hands and Minds, 2014). We therefore 

estimated regional urea prices for the full time series by multiplying each value by 0.57. Using 

the previously collected survey data, we determined that urea sold for a 5.31% premium over 

NPK in 2014. We therefore generated an NPK price time series by multiplying the estimated 

regional Urea values by 0.957.  

 

Pesticides: Time-series for other agrochemicals were generally unavailable. We therefore 

estimated the pesticide input prices, included all herbicides, fungicides, and insecticides, by 

assuming they tracked the NPK time-series at the same margin as the average reported survey 

prices. For example, the average reported herbicide per-liter cost from all surveys was 18.18 

times greater than the average reported per-kilogram price of NPK fertilizer. We therefore 

multiplied the NPK price time-series by 18.18 to generate a full herbicide price time-series.  

 

Other inputs: Due to a lack of reliable historical data, we assumed that all other inputs 

prices were stable through the time-series. To generate historical prices, we converted average 
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reported survey values to nominal historical values by multiplying them by their corresponding 

consumer price indices (CPI) values for Cambodia (FRED, 2017) and Vietnam (Vietnam 

General Statistics Office, 2016). Inputs assumed to be stable included animal feed, all medicines 

and cleaning supplies, all planting materials (seeds and seedlings), and all capital expenditures. 

We assumed compost price was 50% of the predicted NPK price for the time series. We obtained 

historical Vietnamese gasoline prices for 11 years between 1995 and 2016 (World Bank, 2016). 

To generate a complete gasoline time-series, we performed linear interpolation to derive missing 

values. We assumed gasoline prices were consistent in Vietnam and Cambodia. We generated a 

time series of manure prices by converting values reported by Thi et al. (2004) into nominal 

values using the Vietnamese CPI time series.  

 

Wages: We used rural agricultural labor values reported in real 2010 $USD for the years 

1993 1998, and 2002 as a basis for an estimated time series of Vietnamese wages (Wiggins and 

Keats, 2014). First, we converted the real 2010 $USD for 1993, 1998, 2002 into nominal values, 

and fit a linear model to the nominal 1993, 1998, 2002 values and the average day labor wage 

rate from the household surveys for 2016. The linear model was then used to estimate a full time 

series of regional agricultural day wages for 1997-2016. Historical rural wages for Cambodia 

were unavailable. To estimate a Cambodian wage time-series, we used the average yearly 

increase in rural wages from all Southeast Asian countries from 2000 to 2010 of 5.3% (Wiggins 

and Keats, 2014). To estimate a full time series of Cambodia wage rates, we assumed a steady 

increase from of 5.3% from year 1 through 20 of the system, using the average reported daily 

wage rate from the surveys as a 2016 baseline. Family labor was valued at the market wage rate, 
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representing the opportunity cost of family labor applied to a household’s agricultural 

production. 

 

Output prices: With the exception of the aquaculture system, we used historical farmgate 

prices from the years 1987 to 2015 (FAOSTAT, 2016) and average reported survey prices as 

output price estimates for all marketed products. We assumed coffee pulp had the same price 

value as animal manure.   

 

 Discount rate: We based the discount rate on Interest Rates for short- and medium-term 

financing for private sector borrowers in Vietnam as reported by the World Bank (2016). The 

Lending Interest rate for Vietnam in 2014 was 8.7%. As agriculturalists typically have higher 

cost of capital, and therefore higher discount rates, than private sector borrowers, we assumed a 

discount rate of 10% for all systems modelled.  

  

2.5.2 Energy Performance  

 We used the same yearly system input/output (I/O) matrix from all models, described 

above as a basis for generating an energy performance metric for each system. First, we 

multiplied the I/O matrix by a corresponding set of energy values for each input and output, in 

mega joules (MJ), to derive yearly energy input and output values for the lifecycle of each 

system (Pimentel, 1980). To derive a single, Energy Return on Investment (EROI) value, we 

divided the cumulative sum of energy outputs from all years by the cumulative sum of energy 

inputs from all years. The resulting value is representative of the amount of the energy output by 

the system over the full 20-year period for each unit of energy input. As an example, a system 
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with an EROI value of 2 would output 2 units of energy for every 1 unit of energy input by 

humans, including labor, agrochemical and organic inputs, animal feed, and the like. Individual 

energy values for all system inputs are shown in Table 2. We assumed that all capital 

expenditures, e.g. building materials, did not have energy values as they were generated in 

separate production processes that did not cross a plot or animal system boundary as molded 

here.  
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Table 2. Energy values for all inputs and outputs of the Vietnam Central Highlands and northeast 
Cambodia crop and livestock systems modeled. 

Item Unit Energy Value (MJ) Source 
Inputs    
Human labor Person-day 17.25 Pimentel and Pimentel, 2008 
NPK kg 15.75 Pimentel and Pimentel, 2008 
Urea kg 32.35 Pimentel and Pimentel, 2008 
Animal manure kg 6.71 Pimentel, 2009  
Compost kg 6.71 Assumed same energy content as manure 
Lime kg 1.32 Pimentel and Pimentel, 2008 
Trichoderma kg 0.59 Assumed energy content of mushroom 
Herbicide liter 41.87 Pimentel and Pimentel, 2008 
Pesticide liter 41.87 Pimentel and Pimentel, 2008 
Gasoline liter 32.2 Hofstrand, 2008 
Electricity kwh 10.78 Pimentel, 2009  
Cassava stems num 0.19 Pimentel and Pimentel, 2008 
Animal feed (fish, pig) kg 7.7 Pimentel and Pimentel, 2008 
Pepper seedlings num 0.19 Assumed same energy content as cassava stems 
Coffee seedlings num 0.19 Assumed same energy content as cassava stems 
Grass seed kg 87.93 Pimentel and Pimentel, 2008 
Fish fry kg 186.57 Pimentel and Pimentel, 2008 
Backhoe machine hour 161 Assumed consumption of 5 gal gasoline hr-1 
Weed trimmer machine hour 161 Assumed consumption of 0.5 gal gasoline day-1 
Antiviral spray liter 140.91 Pimentel and Pimentel, 2008* 
Deworming medicine liter 140.91 Assumed same energy content for all medicines 
Vaccine liter 140.91 Assumed same energy content for all medicines 
Outputs    
Cassava (dried, chopped) kg 15.9 Pimentel and Pimentel, 2008 
Coffee beans kg 16.75 Calculated based Nogaim et al., 2013 
Coffee pulp kg 6.71 Assumed same energy content as manure 
Pepper berries kg 19.05 USDA Nutrient Database, 2017 
Pork kg 9.81 Pimentel and Pimentel, 2008 
Grass kg 7.18 Pimentel and Pimentel, 2008 
Fish kg 140.91 Pimentel and Pimentel, 2008 

* Energy content was assumed to be the same as “medicine” used in aquaculture systems as 
described by Pimentel and Pimentel, 2008. 
 
 Finally, we compared the relative energy and economic performance of all seven systems 

modelled – 5 individual systems and 2 household-level systems – by plotting their respective 
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returns to land against their EROI values. We selected returns to land as the economic metric for 

comparison due to the consistency in units ($USD ha-1) across systems of different scale.  

 

3. Results 

3.1 Summary of household surveys 

 The average amount of land managed by households interviewed was greater in 

Ratanakiri than in the Central Highlands (Figure 2). In Ratanakiri, the average household owned 

4.2 ha with an average plot size of 1.2 ha, while in the Central Highlands, the average household 

owned 1.9 ha with an average plot size of 0.7 ha (Figure 2). In contrast, livestock ownership was 

much more prevalent in the Central Highlands, with the average household managing 2.3 

livestock herds compared to 1.4 herds in Ratanakiri (Figure 2).  

 

Figure 2. The number of plots (A), average plot size (B) and number of livestock species 
managed by households surveyed in the Central Highlands of Vietnam and Ratanakiri, 
Cambodia. 
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 In general, the diversity of crops and livestock species managed by the Central Highlands 

households was greater than the Ratanakiri households (Figure 3). In Ratanakiri, the primary 

crops produced were cashew, rice, and cassava, while in the Central Highlands, the majority of 

households grew coffee and between 1 and 3 additional crops (Figure 3). Livestock ownership, 

especially market-oriented production, as well as aquaculture, was much more common in the 

Central Highlands than in Ratanakiri (Figure 3).  

 

Figure 3. The number of households managing of each of the crop and livestock species reported 
in the household surveys in the Central Highlands of Vietnam and Ratanakiri, Cambodia.  
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3.2 Labor  

On a per-hectare basis, aquaculture and pepper had the highest initial labor inputs 

associated with establishing the production systems (Figure 4, Table 3). For pepper, this is driven 

primarily by the establishment of the pole trees on which the pepper vines climb, and training the 

pepper vines in the first two years of the production system. For aquaculture, a considerable 

amount of labor is required in the construction of the fish ponds and associated infrastructure. 

Coffee and pepper labor inputs both increase after the first few years of production as the plants 

begin to yield, increasing the amount of harvesting and processing labor in the system. With the 

exception of pepper, harvest and processing labor on a per-hectare basis is similar across all 

systems (Table 3). Pepper harvesting was substantially more labor intensive than the other 

cropping systems modelled (Table 3). Pig labor increases after initially low labor inputs in 

response to the daily feeding, watering, and cleaning requirements associated with managing 

pigs (Figure 4). Operational labor requirements for cassava were very low, reflecting the lack of 

intensive production, in terms of irrigation, fertilizer applications, etc. (Table 4), associated with 

cassava production of those households surveyed. No household harvest and processing labor 

was required for the pig system, as the standard practice by those households surveyed was to 

pay a service for a driver to purchase and pickup piglets at individuals’ farms. 
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Figure 4. Annual labor requirements of small-scale agricultural systems in the Central Highlands 
of Vietnam and Northeastern Cambodia  

  

Based on household survey data, the labor associated with making compost and 

managing the compost operation in the integrated household model was assumed to be 10 PD yr-

1, starting with the first coffee harvest in year 3 of the system. In total, the compost operation 

added an additional 180 PD of operational labor to the integrated household-level model, relative 

to the integrated model. 
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Table 3. Labor inputs over the full system lifecycle to crop and animal production systems in 
northeastern Cambodia and the Central Highlands of Vietnam 

System Category PD PD/ha 

Cassava 

Establishment 53.00 53.00 
Operations 1,554.00 1,554.00 
Harvest/processing 1,911.25 1,911.25 

Total 3,518.25 3,518.25 

Coffee 

Establishment 127.80 127.80 
Operations 3,667.00 3,667.00 
Harvest/processing 1,172.79 1,172.79 

Total 4,967.59 4,967.59 

Pepper 

Establishment 63.29 234.41 
Operations 1,136.98 4,211.04 
Harvest/processing 1,371.93 5,081.22 

Total 2,572.20 9,526.67 

Aquaculture 

Establishment 225.00 375.00 
Operations 2,370.00 3,950.00 
Harvest/processing 700.00 1,166.67 

Total 3,295.00 5,491.67 

Pigs 

Establishment 6.00 - 
Operations 4,430.32 - 
Harvest/processing 0.00 - 

Total 4,436.32 - 
 

 

3.3 Economic performance 

The NPV of the two animal systems, as well as the pepper system, were considerably 

higher than the coffee and cassava systems (Figure 5, Table 4). Cash flows in both the pepper 

and coffee systems were negative until year 3 due to a lack of yields in the first two years after 

planting (Figure 5). Unlike pepper, however, there were several years of negative cash flow even 

after the mature yields were reached due a drop in coffee prices to an average of $0.23 kg-1 in 

years 5-10 of the system (the average coffee price over the 20-year system life was $0.90 kg-1) 
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(Figure 5). In general, pepper prices were more stable and significantly higher (average of $3.56 

kg-1 over the 20-year system life), resulting in positive cash flows once mature yields were 

realized, despite the lower absolute yield of pepper relative to coffee. The negative cash flows in 

the cassava system were driven by steadily declining yields through the life of the system. 

Cassava in Ratanakiri generated positive cash flows for only a short period of time, despite the 

relatively low establishment costs. Both animal systems had high and stable cash flows in the 

majority of years modeled, resulting in higher NPVs than both coffee and cassava (Figure 5).   
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Figure 5. Discounted net benefits and cumulative discounted net benefits of agricultural systems 
modeled.  

 
Aquaculture and pig systems benefit from the fact that they are not dependent on soil 

fertility to maintain yields. Whereas yields declined in the plant-based systems modeled after 

some period of optimal productivity, despite the continued use of chemical fertilizer, fish and pig 
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yields remain stable through time, resulting in ever increasing cumulative discounted cash flows 

throughout the system life-cycle (Figure 5).  

 The pig system had the highest returns to land, due to the small amount of space required 

for an intensive pig production system (Table 4). Pepper, aquaculture, and both household-level 

systems had returns to land of over $35,000 ha-1, while cassava and coffee had very low returns 

to land of $543.73 ha-1 and $-2,262.55 ha-1, respectively (Table 4). Despite the very high returns 

to land, returns to family labor were lower in the pig system than in the aquaculture system, 

which had the highest returns to labor of all systems modeled (Table 4). Returns to family labor 

were similar in the pig and both household systems. Despite the higher NPV and returns to land, 

returns to family labor in the integrated household were lower than the non-integrated household 

due to the labor required for the compost operation (Table 4). Only the pepper and aquaculture 

systems had greater returns to family labor than the average market rate over the lifecycle of the 

system as modeled (Table 4). Returns to family labor were nearly double the average market 

wage rate in the aquaculture system, reflecting the relatively low labor requirements associated 

with the system relative to the other systems modeled (Table 4). Returns to family labor in the 

pig, integrated household, and non-integrated household were similar, with returns to family 

labor of approximately half that of the market wage rate (Table 4).   
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Table 4. Economic performance of 5 individual and 2 household-level agricultural production 
systems in northeastern Cambodia and the Central Highlands of Vietnam. 

System Location System 
size (ha) 

NPV 
($USD) 

Returns to 
land 

($USD/ha) 

Returns to 
family labor 
($USD/PD) 

Returns to 
family labor / 
market wage 

rate 

Cassava Cambodia 1.00 543.73 543.73 0.21 0.07 

Coffee Vietnam 1.00 -2,262.55 -2,262.55 -0.68 -0.17 

Pepper Vietnam 0.27 15,386.51 56,987.07 5.98 1.46 

Aquaculture Vietnam 0.60 26,564.92 44,274.86 8.01 1.96 

Pigs Vietnam 0.10 10,065.37 100,653.66 2.16 0.53 
Integrated 
household Vietnam 1.97 72,530.98 36,817.76 2.35 0.57 

Non-integrated 
household Vietnam 1.97 69,527.96 35,293.38 2.54 0.62 

 

 

3.4 Energy inputs and outputs  

Aquaculture was the most intensive system modeled in terms of energy inputs and outputs 

(Figure 6). This is due primarily to the frequent turnover of fish stock (3 harvests per year) and 

large quantity of high-energy biomass output of the system. Pepper energy input and output 

values were very low, mainly due to the small system size, and low biomass yields relative to 

other systems modeled (Figure 6). The energy inputs to the cassava system were very low (114.4 

GJ), reflecting the low input usage and relatively few management activities associated with 

managing the crop (Figure 6).  
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Figure 6. Cumulative energy inputs and outputs over the full lifecycle (20 years) of agricultural 
systems in northeastern Cambodia and the Central Highlands of Vietnam.  

  

3.5 Returns to land and energy efficiency 

With the exception of Cassava, all systems modeled had similar EROI values ranging 

between approximately 0.5 and 3.5 (Figure 7). The overall energy efficiency of a system was not 

positively correlated with a system’s economic efficiency (Figure 7). The most energy intensive 

systems in terms of total inputs required over their system life, pigs and aquaculture, had high 

returns to land, but relatively low EROI values of 2.03 and 2.90, respectively (Figure 7). Cassava 

had the second lowest returns to land and was the most energy efficient (EROI of 20.10) of the 

systems modeled (Figure 7). The integrated household was slightly less energy efficient than the 

non-integrated household (EROI of 2.49 and 2.57, respectively), while having slightly higher 
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returns to land than the non-integrated system ($368 and $353, respectively).  In general, energy 

efficiency appeared to be negatively correlated with returns to land (Figure 7).  

 

Figure 7.  Average annual returns to land and energy output/input ratio of smallholder 
agricultural systems in the Central Highlands of Vietnam and Northeastern Cambodia. 

 

4. Discussion 

 Central to the concept of the “sustainable intensification” (SI) of agriculture is the idea 

that more can (and should) be produced with less (Struik et al., 2014). Our results underline the 

importance of bolstering SI and similar concepts, e.g. “eco-efficiency”, through the development 

of precise definitions of not only what is meant more and less, but specifically how more 
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(outputs) and less (inputs) are measured. When comparing the relative sustainability, as indicated 

by some measure of the system’s ecological efficiency (i.e. to what extent does it rely on 

external, chemical inputs, and / or what are the environmental externalities of that system), it is 

reasonable to view the production system through a mass-balance, or energy efficiency lens as 

we have done here. All other variables held constant, if a system produces the same output with 

fewer external inputs than an otherwise identical system, the energy efficiency of that system 

will be greater. However, as we have demonstrated here, the energy efficiency of an agricultural 

system is not necessarily a good predictor the economic performance of that same system.  

Here, we define inputs and outputs to the production system modelled as all labor, 

chemical and organic inputs, and capital expenditures. When we applied energy value-weights to 

these inputs and outputs, the cassava system emerged as the clear winner as measured by EROI. 

When the cassava system is measured by economic efficiency, only the coffee system performed 

worse in terms of NPV, returns to land, and returns to labor. This stark contrast between energy 

and economic performance highlights the different conclusions that may be drawn when 

measuring a system’s efficiency using different sets of value weights applied to input and output 

quantities. Our results indicate that, with the exception of cassava, there were no major 

differences in EROI, despite having vastly different economic performance. This was true not 

only for the individual systems modeled, but for the household-level models as well. In the 

integrated household model, the reductions in energy inputs realized from supplanting a 

substantial portion of NPK inputs with household-produced compost was more than canceled out 

by the increased human labor required to make and manage the compost system. It is also worth 

noting that the production of such a sizable quantity of compost may depend on having a rather 

intensive animal operation from which to gather manure. When viewed as a whole, therefore, our 
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results suggest that efforts to increase the adoption of intensive, high-value crop and livestock 

production systems may have result in better livelihood outcomes, e.g. from increased incomes, 

than efforts focused on increasing the level of system integration among household production 

systems.  

While the differences among systems in terms of their economic performance are clear, 

our findings do, in fact, indicate that some level of integration may have positive economic 

outcomes. Specifically, the aquaculture system, in which a significant portion of the food 

produced for the fish is generated on-farm, is an integrated system that also performed very well 

in all measures of economic performance. These findings are in-line with previous research 

suggesting that agriculturalists in the Central Highlands region have benefited from increased 

incomes when diversifying away from coffee production and into animal fattening operations in 

which beef cows are fed primarily using household-grown fodder (Stür et al., 2013). In fact, the 

grass generated by the 0.1 ha plot in our aquaculture model, despite a pessimistic yield scenario, 

produced more than enough fodder to meet the input requirements of the fish ponds, suggesting 

that the same system may have been capable of supporting additional livestock, resulting in even 

greater economic output.  

It is also worth noting that the systems modeled do not necessarily represent likely 

outcomes for all producers managing the crops and livestock systems discussed here. In all cases, 

we attempted to model an average case using historical price series across the relevant region. 

This fails to capture nuances in performance that are to be expected from producers in high-, or 

low-suitability regions, or alternative future price scenarios. For example, NPV of the coffee 

system as modeled becomes $905.88 if a $0.50 kg-1 price floor is assumed, and $4,637.43 if a 

$0.75 kg-1 is assumed, neither of which are particularly unlikely given that the price drops seen 
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in the 90s were primarily a response to very specific macroeconomic and policy environments. 

Similarly, the economic high-performers, i.e. pigs, pepper, and aquaculture, are modeled using 

historical price scenarios reflecting a setting in which far fewer farmers in the Central Highlands 

region were producing those products. It is not unreasonable to expect prices of those 

commodities to fall as more producers enter into these higher-value markets.  

Finally, it should be stated that the efficiency metrics explored here are not in and of 

themselves indicators of sustainability. While we believe that the economic metrics in particular 

can provide important guidance for agricultural policy discussions in the region, they do not 

directly measure other important indicators of sustainable farming practices. For example, 

various soil quality parameters, including increases in available P, K, Ca, and Mg, may be 

improved by increased use of organic fertilizers, such as the compost discussed here, in Central 

Highlands coffee systems (Long et al., 2014). Similarly, integrative practices in the regions may 

reduce total water usage and improve nutritional outcomes of agriculturalists in the Central 

Highlands and Ratanakiri (Lancombe et al., 2016). Nor do our metrics capture ancillary benefits 

of integrated households such as possible hedging strategies against unfavorable price 

environments. The metrics presented here should therefore be considered part of a broader set of 

analytical tools towards the development of increasingly objective and adaptive measures of 

concepts such as sustainable intensification. 

 

5. Conclusions  

 We have shown that more intensive production practices, e.g. intensive livestock, 

aquaculture, and specialty crop, e.g. pepper, production may result in improved economic 

outcomes for smallholder agriculturalists in the Central Highlands of Vietnam and Ratanakiri 
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Province, Cambodia. We have also shown that there is perhaps less to be gained from viewing 

the same systems through the lens of energy, rather than economic efficiency. The study regions 

are currently undergoing dramatic and transitions towards increasing market-orientation and 

intensification of agricultural production, and farmers should be armed with as many decision 

making tools as possible when facing choices about which production systems to invest in. We 

have shown that low-intensity production of cassava, and the status-quo production of coffee in 

the Central Highlands may have lower returns to land, labor and lower NPVs than some of the 

less conventional, high-intensity systems modelled here. Policy discussions should therefore 

focus on means and associated costs of improving access to, and lowering the barriers to 

adoption of these higher-intensity systems.   
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Appendix 1: Household Survey 

 
 
Smallholder Farm Household Survey: Energy and Economic Efficiency of 
Alternative Land Use Practices  
_____________________________________________________________________________ 
 
General household information 
 

 

  
Date (mm/dd/yyyy)   

Country  

Province   

District   

Sub Location   

Village   

Household ID*   

Name of household head   

Name of respondent   

Ethnicity/Gender of respondent   

Geographical location (House) 

Latitude ________°___________M____________S 

Longitude ________°___________M____________S 

Elevation [meters]   

  

Researcher name Jamey Smith 

Interpreter name  

Language used in interview  

*Province, district, commune, # 
e.g. DL-EK-ET-01 
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HH Structure 
 
Total HH #:  
 

    

 

  
Position in HH Age Gender Off-farm 

work? (Y/N) 
Education 

(years) 
Off-farm work type and 

frequency 
      

       
       
       
       
       
       
       

      

      
 

Farm Structure 
 

 

  
Total Land Owned (sq m)   

Total Land Cultivated (sq m)  

Number of plots | Plots cultivated    

Amount of land rented (sq m) | Price   

Total Number of Crops    

Aquaculture? (Y/N) | No. of species    

Livestock? (Y/N) | No. of species    

Intercrops? (Y/N) | No. plots intercropped    

Home Garden? (Y/N)    
 
Notes: 
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Plot Structure and Utilization 
 

Plot:   1 2 3 4 5 6 7 8 9 10 
                      

Area (sq m)                   
  

Type of land (code)                   
  

distance to home [m]                   
  

ownership status (code)                   
  

ownership by gender  (code)                 
  

                      
Main (long rain) season utilization                 

  

  crop                 
  

Short rain season utilization                 
  

  crop                 
  

 

Type of land: 1 - not irrigated flat, 2 - not irrigated slope, 3- irrigated, 4-flooded regularly, 5-other  
           
Ownership status: 1-owned, 2-rented, 3-shared, 4-other. Ownership by gender:  1-male, 2-female, 3- jointly 
              
Utilization:  1-cropped, 2-fallow, 3-grazed, 4-not utilized by this household 
 

Crop: (See crop code table)                 
 
Managed Trees (outside of specific plots) 
 

Tree type (code) no. 
Utilized for  

Yield* % 
consumed Price 

food feed timber fuel other 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

*Determine most relevant unit for yield depending on tree type and utilization 
 

Notes: 
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Plot History and Land Preparation 
 

 
 

 
 
 
 
 
 
 
 

 

System 
History 

Production 
method 
(Code) 

If Intercrop Years in production If intercrop Plans to change 
system? Crop Spacing 

Crop 1 
(Code) 

Crop 2 
(Code) 

Crop 1 
(Code) 

Crop 2 
(Code) 

Switch to 
MC? (Y/N) 

When? 
(year of 
lifecycle) 

When? 
(years from 
now) 

To 
What? 

Crop 1 
(Code) 

Crop 2 
(Code) 

Long Season 
           

Short 
Season 

           

Production method: 1-monocrop, 2-intercrop, 3-rotation, 4-fallow 
 

System Establishment (pre-planting) 
Season (1-

long, 2-
short) 

Crop 
(code) 

Activity 
(code) 

Performed 
by (code)  

No. of 
labor type 

Person-
days  

If HL Months 
active 

Machine/ 
equipment 

No. Times 
task 

performed 

Notes 

Hrs. $/hr. 

           

           

           

           

           

           

Activity: 1-Land clearing, 2-tilling, 3-Seed bed prep, 4-prepairing drainage 5-Irrigation set-up, 6-other   
Performed by: UF-unpaid family labor, UL-unpaid other labor, HL-Hired Labor                                          

GPS Coordinates 

Waypoint Latitude        Longitude 
   
   
   
   
   
   

HH ID: 

Plot No.: 

Area (sq m): 
Irrigated (Y/N) Water Source: 

Dist. To Plot (m): 
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Crop Management 
 

 
 
 
 

 

Management  
* 

Unique row per labor-type and activity 
 

Harvest/storage/processing 
 

HH ID: 

Plot No.: 

Area (sq m): 

Season 
(1-long, 
2-short) 

Crop 
(code) 

Activity 
(code) Months  Performed 

By (code)* 
No. Times 

activity 
performed 

Person-
days/time 

Person-
days 
Total 

If HL 

 

Input 
type 

(code) 
Input 

quantity Input cost 
Hrs. $/hr. 

             
             

             

             

             

             

             

             

             

Season 
(1-long, 
2-short) 

Crop 
(code) 

Activity 
(code) Months  Performed 

By (code)* 
No. Times 

activity 
performed 

Person-
days/time 

Person-
days 
Total 

If HL 

 

Equipment Service 
(Y/N) Cost  

Hrs. $/hr. 
             
             

             

             

             

             

             

All crop management activities specific to current plot 
 

Activity: 1-Irrigation, 2-Planting/sowing, 3-Nursery preparation, 4-Fertilizer application, 5-
Pesticide application, 6-Fungicide application, 7-Manure application, 8-Weeding, 9-Other  
 

Performed by: UF-unpaid family labor, UL-unpaid other labor, HL-Hired Labor      
 

See ‘Code’ sheet for other activity and crop codes                                     
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Crop Products and Marketing 
  

 
 
 
 
 

 

Crop Products Production Sales 
Household 

food 
consumption 

Livestock 
feeding 

Kept as 
seed 

Other (stored, gifts, 
donations, fuel, etc) 

Crop 
(code) 

Product 
(code) Total Quantity Price/kg  Total value Buyer 

(code) quantity quant Species  quantity quantity 

                       

                       

                       

                       

                       

                       

                       
 
 

Marketing/sales activities                                                                 Prices 
Crop 
(code) 

Product 
(code) 

Marketing 
activity 

Distance 
travelled  

Time 
spent on 
activity 

 Current 
price 
(expected) 

2015 
price 

2014 
price 

2013 
price 

2012 
price 

2011 
price 

Notes 

           

           

           

           

           

           
 

HH ID: 

Plot No.: 

Area (sq m): 

All crop products specific to current plot 
 

Product: 1-Grain, 2-Fruit, 3-leaves, 4-Seed, 5-Cob, 6-Whole plant, 7-all above-ground 
biomass  
 

Buyer: 1-Sold at local market, 2-Trader/middle-men, 3-Co-op, 5-Broker, 6-Processor, 7-
Wholesaler, 8-Retailer, 9-Other      
 

See ‘Code’ sheet for other activity and crop codes                                     
 



 54 

Crop Residues 
 

 
 
 
 
 
 

Residues  Left in field Sale Feed Livestock Fuel Other 

Crop  
(code) 

Residue 
(code) 

mulch, 
[%] 

grazing/ 
gathered  
by others, 

[%] 

burnt, 
[%] 

share 
 [%] Price  

main 
buyer 
(code) 

stall-feeding, [%] own grazing, [%] 
bedding, 

share 
[%] 

share 
 [%] 

share 
 [%] 

Species % Species %    

                            

                            

          
                  

          
                  

          
                  

          
                  

          
                  

          
                  

     
          

     
          

 

HH ID: 

Plot No.: 

Area (sq m): 

All crop products specific to current plot 
 

Residue:  1-Straw, 2-Stover, 3-Leaves, 4-Stalks, 5-Vines, 6-Whole plant, 7-Other 
 

Buyer: 1-Sold at local market, 2-Trader/middle-men, 3-Co-op, 5-Broker, 6-Processor, 7-
Wholesaler, 8-Retailer, 9-Other      
 

Activity (labor): 1-Harvesting/gathering, 2-Bringing to animals/stall, 3-burning, 4-other 
 

See ‘Code’ sheet for ‘crop’ and other codes                                     
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Labor – Residues                      Notes: 

Crop 
(code) 

Residue 
Activity 

Performed by 
(code) Person-

days 
(total) 

Months 
If HL 

Cost HL  
Activity No. 

Times 
Labor 
type 

No. 
People No. $/hr 
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Livestock Management and Sales 
 

Species  

Breed*  
Total No. Animals  

*If specific breed is unknown, note specifics e.g. 
‘local’, ‘improved’, etc. 
 

List no., size, and purpose* of male/female animals in each age group 

 
* e.g. meat, breeding, milking, etc.  
 

Livestock mgmt. (feeding schedule below) 
 

 

Livestock feeding 

Age group 
Feeding schedule Feed cost 

(VND) 
Labor 

Feed type* Amount Freq. Type No. Time req. 
        

        

        

        

        

*If from on-farm, note plot# 
Sales 

Time kept 
on farm 

Age at sale Weight at sale Price (specify 
unit) 

Sold to 
 

Notes: 

     

Age class 
Males Females 

Purpose* 
Purchase 

No Wt. range 
(kg) No. Wt. range 

(kg) When Weight 
(kg) Cost  

         
         
         
         

Activity 

Location 

Freq. 

Performed by (labor) If HL 

 

Input  
 

Quantity 
or freq. Cost  On/off 

(if on, 
plot #) 

Distance Type No. Time 
req. No. Cost  Time 

req. 

                    

                    

                    

                    

                    

                    

Notes on breeding females: 



 57 

Dung Utilization 
 
List dung utilization by species and age group 

Species Age 
group 

Total dung 
production 
(kg) – note 
frequency 

Dung utilization 

Use 1 Use 2 Use 3 

Use Amount 
(kg) Value Use Amount 

(kg) Value  Use Amount 
(kg) Value  

            
            
            
            
            
            
            
            

 
Labor associated with dung management 

 
Notes on sales or other dung-related activities:

Species Activity Freq. 
Performed by (labor) If HL 

 

Input  
 

Quantity 
or freq. Cost  

Type No. Time 
req. No. Cost  Time 

req. 
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Aquaculture 
 

Pond size (sq m)  
Total No. fish 
(estimate) 

 

List fish species Species  No 
  
  
  
  
  

 

Fish purchase 
 
 
 
 
 
 
 
 

 
Fish management 
 

 
Fish feeding 

Species Feeding schedule Feed cost  Labor 
Feed type* Amount Freq. Type No. Time req. 

        
        
        
        
        

*If from on-farm, note plot# 
 

Sales 
Time kept on 
farm 

Age at sale Weight at sale Price (specify unit) Sold to 
 

Notes: 

 
 

Species No Wt. range (kg) When 
purchased 

Cost (VND) Purchased 
from. 

Distance 
travelled 

       
       
       
       
       

Activity 

Location 

Freq. 

Performed by (labor) If HL 

 

Input  
 

Quantity 
or freq. Cost  On/off 

(if on, 
plot #) 

Distance Type No. Time 
req. No. Cost  Time 

req. 

                    
                    
                    
                    
                    
                    

Notes on pond establishment, etc.: 
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INPUT SUPPLIER AND VARIETY INFO 
 

Input  Variety/type Used in 
which plots 

Purchased 
from? 

Price  

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

 

EQUIPMENT/MACHINE INFO 
 

Machine/ 
Equipment  

Description Used in 
which plots 

Purchased 
from? 

Price  
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Appendix 2: Land Use System Models 

Appendix 2.1: Cassava monocrop, Ratanakiri, Cambodia 
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Appendix 2.2: Coffee monocrop, Central Highlands, Vietnam 
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Appendix 2.3: Pepper monocrop, Central Highlands, Vietnam 
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Appendix 2.4: Pond aquaculture, Central Highlands, Vietnam 
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Appendix 2.5: Intensive pigs, Central Highlands, Vietnam 
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